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ABSTRACT

A year-long survey of 24 dairy farms was conducted
to determine the effects of farm management on the
concentrations of butyric acid bacteria (BAB) spores in
farm tank milk (FTM). The results were used to validate
a control strategy derived from model simulations. The
BAB spore concentrations were measured in samples
of FTM, feces, bedding material, mixed corn and grass
silage fed to cows in the barn, and soil. In addition, a
questionnaire was used to gather farm management
information such as bedding material used and teat
cleaning method applied. The average BAB spore con-
centration in FTM was 2.7 logy( spores/L, and 33% of
the FTM samples exceeded a concentration of 3 logg
spores/L. Control of the average spore concentration in
mixed silage fed was the only aspect of farm manage-
ment that was significantly related to the concentration
of BAB spores in FTM. Farms that fed mixed silage
with the lowest average BAB spore concentrations (3.4
logyo spores/g) produced FTM with the lowest average
concentration (2.1 logy spores/L). The efficiency of farm
management in controlling the BAB spore concentra-
tion in FTM depended to a large extent on the ability
of farmers to prevent incidents with elevated BAB spore
concentrations in mixed silage (>5 log;o spores/g) and
not on the average BAB spore concentration in mixed
silage across the year. The survey showed that farmers
should aim for a concentration in mixed silage of less
than 3 logy, spores/g and should prevent the concentra-
tion from exceeding 5 log;( spores/g to ensure a concen-
tration in FTM of less than 3 log;y spores/L. These
results correspond with the previously reported
model simulations.

Key words: butyric acid bacteria, bulk tank milk, si-
lage, late-blowing

INTRODUCTION

In semihard cheeses such as Gouda and Emmental,
growth of spore-forming anaerobic bacteria, called bu-
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tyric acid bacteria (BAB), can lead to off-flavors and
excessive gas formation, a defect known as late-blowing
(Klijn et al., 1995). The BAB are able to convert lactic
acid into butyric acid, hydrogen, and carbon dioxide at
relatively low pH. In particular, Clostridium tyrobutyri-
cum is associated with the late-blowing defect. Without
preventive measures, concentrations in pasteurized
cheese milk of more than 1 log;o BAB spores/L can
already lead to late-blowing of Gouda-type cheeses
(Stadhouders, 1990). Vegetative BAB in farm tank milk
(FTM) do not impose risks for Gouda type cheeses,
because vegetative cells are inactivated during pasteur-
ization.

To prevent late-blowing, cheese manufacturers have
3 main options: 1) minimizing BAB spore concentra-
tions in raw milk; 2) removing BAB spores from raw
milk via bactofugation; and 3) preventing the growth
of BAB in cheese by adding inhibitory agents, such as
nitrate and lysozyme, to cheese milk (Stadhouders
1990; Waes et al., 1990). In the Netherlands, farmers
are encouraged to produce FTM with low concentra-
tions of BAB spores via the milk quality payment sys-
tems. Two 0.1-mL tubes of FTM are tested monthly for
the presence of BAB spores. If both tubes test positive,
the farmer receives a deduction from the milk price.
The Dutch dairy industry wants farmers to produce
FTM with a maximum spore limit (MSL) of 3 log;o
spores/Li to obtain (after bactofugation) fewer than 1
logio spores/L in pasteurized cheese milk.

The BAB spores in FTM originate from the farm envi-
ronment. Grass and corn silage are the most important
sources of BAB spores. Grass and corn silage are fed
to cows together (referred to as mixed silage). The BAB
spores in the mixed silage accumulate in feces (Te Gif-
fel, 2002). Via the exterior of the cow’s teats, feces and
BAB spores are transmitted to milk during milking
(Bergere et al., 1968).

Using model simulations, we defined a strategy to
achieve a BAB spore concentration in FTM below the
MSL. Control of the spore concentration in the mixed
silage offered to the cows was shown to be the most
important control strategy (Vissers et al., 2006). The
model showed that the BAB spore concentration in
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mixed silage should ideally be less than 3 log;, spores/
g and should not exceed 5 log;, spores/g. If the mixed
silage contains more than 5 log;q spores/g, it is not
possible to ensure an FTM concentration of less than
3 logy spores/L.

The aim of this study of Dutch farms was to determine
the effect of different aspects of farm management on
BAB spore concentrations in FTM using a year-long
survey. In addition, the results of the survey were used
to validate the control strategy derived from model sim-
ulations.

MATERIALS AND METHODS
Selection of Farms

In total, 24 farms spread across the Netherlands were
selected for the survey. The farms were selected using
historical data from the Netherlands Milk Control Sta-
tion (Zutphen, the Netherlands). The Milk Control Sta-
tion performs monthly tests for the presence of BAB
spores in FTM. To select the 24 survey farms, 270 farms
spread across the Netherlands were divided into 3
groups. The first group (group A) consisted of farms
where none of the 12 measurements, performed in the
framework of the milk quality payment system in 2004,
resulted in a double-positive test result for the presence
of BAB spores in FTM (i.e., two 0.1-mL tubes of FTM
tested positive for spores of BAB). The second group
(group B) consisted of farms with 1 or 2 double-positive
test results in 2004. The third group (group C) consisted
of farms with more than 2 double-positive test results
in 2004. Out of groups A, B, and C, respectively, 10, 9,
and 5 farms were selected randomly for the survey. In
the total population of Dutch farms, 92.1% of the farms
belonged to group A, 7.5% of the farms belonged to
group B, and 0.3% of the farms belonged to group C.

Sample Collection

Samples were collected between January and Decem-
ber 2005. Each farm was visited 6 times at intervals of
8 wk. At each visit, in addition to sample collection,
a questionnaire was answered to collect actual farm
management data. The questionnaire contained ques-
tions related to the feed ration fed to the cows, housing
conditions, and milking practices. The questionnaire
was completed by the researcher visiting the farm.

The following sample types were collected: FTM (ev-
ery visit), feces from the barn (when cows were housed
half a day or all day), feces from the pasture (when
cows were grazing all day), bedding material from the
barn (when cows were housed half a day or all day),
soil (when cows were at pasture half a day or all day),
and mixed silage in the barn (every visit when appro-
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priate). No samples of individual grass and corn silage
were taken because earlier studies had shown that a
sample of the mixed silage offered to the cows is a
better indicator of the microbial quality of the silage
fed (Vissers et al., 2007). All but the FTM sample were
composite samples. Each composite sample consisted
of 10 randomly collected subsamples that were mixed on
location. Samples were stored at 4 to 6°C until microbial
analysis within 24 h after sampling.

Microbial Analyses

The concentrations of BAB spores in FTM, feces, bed-
ding material, mixed silage, and soil were determined
by a most probable number method according to the
Dutch Standard (NEN-ISO-6877, 1994). Feces, bed-
ding, soil, silage, and feed extracts were prepared by
adding 90 mL of peptone physiological salt solution
(PPS; 1 g of bacteriological peptone and 8.5 g of sodium
chloride/L) to 10 g of sample and homogenizing for 2 min
in a laboratory blender (Stomacher, Seward Medical,
London, UK). Decimal dilution series of extracts were
prepared in PPS. A 0.1-mL volume of diluted extract
was added to tubes containing 10 mL of sterilized milk
supplemented with glucose (0.5%) and lactic acid
(0.18%). The tubes were heated for 5 min at 80°C to
inactivate vegetative cells and to trigger the germina-
tion of spores, then sealed with paraffin and incubated
for 4 d at 37°C. A tube scored positive if, after incuba-
tion, gas formation was visible. The detection limit was
30 spores/L for FTM and 300 spores/g for feces, bedding,
mixed silage, and soil.

Statistical Analyses

Statistical calculations were performed using Statis-
tica (StatSoft Inc., Tulsa, OK) and Microsoft Excel (Mi-
crosoft, Redmond, WA). To perform statistical analyses,
samples containing BAB spore concentrations below
the detection limit were assigned a concentration equal-
ing halfthe detection limit. All statistical analyses were
performed on log;, transformed data.

Student’s ¢-tests were used to determine significant
differences between farms and spore concentrations in
different carriers (i.e., feces, bedding material, mixed
silage, and soil) and to detect possible effects of farm
management practices on BAB spore concentrations in
FTM. The Fisher exact test was used to determine
whether high concentrations occurred more frequently
in a specific carrier or group.

RESULTS

BAB Spore Concentration in FTM
and the Farm Environment

Table 1 gives an overview of BAB spore concentra-
tions measured in FTM and carriers of BAB spores in
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Table 1. Butyric acid bacteria (BAB) spore concentrations measured in farm tank milk and in environmental

carriers

BAB spores (log;o spores/L or log;, spores/g)*

Fraction of
samples with a

Number critically high
Item of samples Mean SEM Range concentration?
Farm tank milk 142 2.7 0.06 <1.5-4.2 0.33
Feces 141 4.7 0.07 <1.5-7.0 0.33
Bedding material 113 4.5 0.07 <1.5-6.0 0.20
Mixed silage 122 4.2 0.09 <1.5-6.0 0.18
Soil 59 4.2 0.06 3.2-4.9 0

Logyo spores/L for farm tank milk; log;, spores/g for feces, bedding material, mixed silage, and soil.

2The fraction of samples with a concentration greater than 3 log;o spores/L (milk), or the fraction of
samples with a concentration greater than 5 logio spores/g (feces, bedding, silage, and soil).

the farm environment (environmental carriers) on all
24 farms during the survey. The average BAB spore
concentration in FTM was close to the MSL (3 logio
spores/L). In 33% of the FTM, the MSL was exceeded.
Also in feces, bedding material, and mixed silage, high
concentrations (above 5 log;, spores/g) were frequently
detected. Spore concentrations in feces and bedding ma-
terial did not statistically differ (P > 0.2). Spore concen-
trations in feces were higher than those in the mixed
silage (P < 0.01), most likely because of a concentration
effect (Te Giffel, 2002). The BAB spore concentrations
in soil varied much less than the concentrations in the
other environmental carriers and never exceeded 5 logy
spores/g. No relationship between soil type (e.g., clay,
sand, and peat) and BAB spore concentration was found
(P>0.2).

Comparison of Farms

The results were evaluated in 2 ways. First, the farms
were grouped based on the results of the BAB test in
the milk payment system of 2004 (historical grouping,
Table 2). Second, farms were grouped based on the
average BAB spore concentration detected in FTM per
farm in the survey (survey grouping, Table 2). Based
on the historical grouping, group A farms had lower
spore concentrations in FTM than group B farms, and
group B farms had lower spore concentrations than
group C farms. In the survey grouping (Table 2) the
low group represents the 6 farms with the lowest aver-
age BAB spore concentrations in FTM, the high group
represents the 6 farms with the highest average BAB
spore concentration in FTM, and the medium group
represents the remaining 12 farms. Average BAB spore
concentrations in FTM per farm ranged from 1.8 to 3.4
logyo spores/L.

There was no distinct relationship between the his-
torical grouping and the grouping based on survey data.
Of the 6 farms with the lowest average BAB spore con-
centrations in FTM in the survey, 5 farms originated
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from group A and one from group C of the historical
grouping. The farms with the highest average FTM
concentrations in the survey originated from groups A
(1 farm), B (3 farms), and C (2 farms) of the histori-
cal grouping.

Clear relationships were found after grouping based
on the survey data (Table 2). The 6 farms that fed mixed
silage with the lowest average spore concentration (3.4
logi spores/g) also produced FTM with the lowest aver-
age concentrations (2.1 log;, spores/g). Conversely, the
6 farms with the highest FTM concentration (3.2 log;o
spores/g) also fed silage with the highest average con-
centration (4.7 log;y spores/g). These concentrations
were around the critical levels defined for FTM and
silage by Vissers et al. (2006). Survey data in Table 2
also indicated that the relationship between average
concentrations in mixed silage, feces, and FTM was
almost linear on a log;, scale because the absolute dif-
ferences observed at the low, medium, and high farms
were similar for these 3 carriers (i.e., ~1.1 log;, differ-
ence between low and high and 0.7 log;, difference be-
tween low and medium). Historical grouping (Table 2)
gave less clear relations than grouping based on the
survey data. However, the farms that performed best
based on the historical data (group A) also had the
lowest average BAB spore concentrations in mixed si-
lage and FTM.

On all farms in the survey, substantial fluctuations
were observed in BAB spore concentrations in FTM and
environmental carriers. On only 4 farms (3 from the
low group and 1 from the medium group) was the BAB
spore concentration in FTM consistently below the
MSL. Also in feces, bedding material, and mixed silage,
critically high concentrations (>5 log;, spores/g) were
occasionally found on farms with the lowest spore con-
centration in FTM. For example, the highest BAB spore
concentration in feces (7 logig spores/g) was observed
on the farm with the third lowest average BAB spore
concentration in FTM. At the visit to this farm, the
feces sample contained 7 log;, spores/g and the BAB
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(SEM)
(log10/g)
2.4 (0.10)°
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9
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Group A, n = 10
Group B, n
Group C, n
Grouping based on survey results (2005)
Medium, n = 12
High, n

Table 2. Butyric acid bacteria spore concentrations of measured in farm tank milk (FTM) and environmental carriers after grouping based on historical data! (2004) and
Low, n

BAB spore concentration observed in FTM during the survey (2005)2

Historical grouping (2004)

Item
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spore concentration in FTM was 4.1 logig spores/L.
However, critically high BAB spore concentrations in
feces, bedding material, and mixed silage were more
frequently observed on the farms with the highest aver-
age concentrations in FTM. Nevertheless, all farms ex-
cept one were able to meet the MLS on at least 2 of the
visits. On all farms, the concentration was above the
MSL at least once.

0?

Effects of Farm Management

In addition to the determination of BAB spore concen-
trations, data about farm management practices at the
participating farms were collected by using a question-
naire. Table 3 gives an overview of farm management
practices related to the housing of cows, milking hy-
giene, and type of silage fed. Statistically significant
relationships among the BAB spore concentrations in
FTM were found only for the location of the cows during
the summer period and for the presence in the herd of
cows preferring to lie down on dirty patches. Therefore,
these aspects were analyzed in more detail.

Table 4 shows the BAB spore concentration measured
in the winter period and for the different housing situa-
tions observed during the summer period. During the
winter period, cows were housed 24 h of the day at 96%
of the farm visits. Table 4 shows that keeping cows 24
h a day at pasture leads to a reduction of the level of
FTM with BAB spores. The observed lower BAB spore
concentration in FTM for this situation seems to be
related to the lower concentration in feces. The BAB
spore concentration in mixed silage did not differ (P >
0.2). Further analysis suggested, however, that it was
probably not the location of the cows that was important
but whether the cows were fed silage or not. The ques-
tionnaire revealed that in 66% of the cases in which
cows were grazing all day, the diet of fresh grass was
supplemented with silage. In these cases, cows were
offered silage in the barn before milking. When the diet
of grazing cows was not supplemented with silage, the
BAB spore concentration in FTM never exceeded 1.6
logyy spores/L (5 samples), whereas when silage was
fed to cows grazing all day, the BAB spore concentration
in FTM ranged from <1.5 to 3.7 logy, spores/L (9
samples).

Another farm management factor that was studied
in detail was the presence in the herd of cows preferring
to lie down on dirty patches. Teats of these cows are
generally more heavily contaminated with feces and
thus more spores are transmitted to milk. Indeed, sta-
tistical analysis of the data indicated that when cows
preferring to lie down on dirty patches were absent
from the herd, BAB spore concentrations in milk were
lower (0.5 logyo spores/L). However, further analysis of

6

!Group A had a lower concentration in FTM than group B, and group B had a lower concentration in FTM than group C.

?Low had a lower concentration in FTM than medium, and medium had a lower concentration in FTM than high.

abDjfferent superscripts indicate a difference (P < 0.05).
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Table 3. Farm management practices at the farms in the survey

VISSERS ET AL.

Number

Aspect of farm management Different behaviors observed of farms
Type of housing system Loose housing system 21
Tied housing system 3
Type of silage fed Grass and corn silage 22
Grass silage only 2
Type of bedding material in the boxes! Sawdust 15
Straw 6
Presence of cows preferring to lie down on dirty patches? Present at each visit 8
Never present 8
Present at some of the visits 8
Forestripping prior to milking to detect abnormal milk No 11
Yes 13
Teat cleaning method Dry towel 20
Wet towel 4

Location of cows during the summer period (May to October)

Wet followed by dry towel

Housed during the night, at pasture during the day 9
Housed all day 5
At pasture all day 1
A combination of the above 9

INo bedding material used at farms with tied-housing system.

2Some cows in a herd prefer to lie down on dirty patches and not in clean boxes. Teats of cows that lie down on dirty patches are generally

more heavily contaminated than teats of other cows.

the data demonstrated that spore concentrations in fe-
ces and mixed silage at the farms with cows preferring
to lie down on dirty patches were also 0.5 logio spores/
g higher. It is therefore more likely that the observed
difference in FTM was due to differences in spore con-
centration in the mixed silage offered to the cows and
not to the absence or presence of cows preferring to lie
down in dirty patches in the herd.

Critical Concentrations in Feces,
Bedding, and Mixed Silage

Figures 1 and 2 show the fraction of FTM samples
with a BAB spore concentration below and above the
MSL in relation to BAB spore concentrations in feces
and mixed silage. Figure 1 shows that BAB spore con-
centrations in feces above 5 log; spores/g were critical
with respect to the production of FTM with fewer spores
than the MSL. When feces contained more than 5 logiq
spores/g, almost 60% of the FTM exceed the MSL. On
the other hand, when feces contained less than 4 logy
spores/g, none of the FTM exceeded the criterion. These
results suggest that farmers should try to take mea-
sures that result in a BAB spore concentration in feces
of less than 4 logy, spores/g.

The BAB spore concentration in feces relates to the
BAB spore concentration in mixed silage. Figure 2
shows that also in mixed silage a critical concentration
can be distinguished. A BAB spore concentration of
greater than 5 log;, spores/g in mixed silage should be
prevented. When mixed silage contained more than 5
logy spores, almost 70% of the FTM samples contained
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more spores than the MSL. Conversely, when the silage
contained less than 3 log;( spores/g, only about 13% of
the FTM contained more spores than the MSL of 3 logyg
spores/L.

DISCUSSION
A Control Strategy

The data presented in this paper confirm conclusions
drawn in a modeling study concerning control of BAB
spore concentrations in FTM (Vissers et al., 2006). In
that study, a model was developed that described the
transmission of BAB spores from mixed silage, other
feeds, and soil via feces to FTM as a function of farm
management factors. In the modeling study, we con-
cluded that to control the level of BAB spores in FTM,
it was by far the most important to control the concen-
tration of BAB spores in the silage fed to the cows.
Other control measures were considered to have only
a marginal impact.

The survey in this study confirmed that control of
the BAB spore concentration in silage was by far the
most important option to control the BAB spore concen-
tration in FTM. Other measures that were presumed
important, such as teat cleaning (Stadhouders and Jor-
genson, 1990), were much less important. In line with
the model of Vissers et al. (2006), a more or less linear
relation was found among BAB spore concentrations in
mixed silage offered to the cows, feces, and FTM (Table
2). On the rare occasions (5 of the 144 visits) when no
grass silage or corn silage was fed to the cows, the spore
concentration in FTM never exceeded 1.6 log;, spores/L.
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Table 4. Concentration of butyric acid bacteria (BAB) spores in farm tank milk and environmental carriers during summer period (May to October) for different housing
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the highest average BAB spore concentrations in FTM
(3.2 logyo spores/L) fed mixed silage with the highest
average concentrations (4.7 log;o spores/g). Apart from
silage feed and silage quality, no relevant relations with
other aspects of farm management were detected.
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and should prevent concentrations of more than 5 log;,
spores/g (Vissers et al., 2006). Figures 1 and 2 confirm
that these concentrations are critical for control. When
the mixed silage offered to the cows contained more
than 5 log;( spores/g, the majority of the FTM samples
exceeded the MSL. On the other hand, when the silage
fed contained fewer than 3 log;, spores/g of FTM, only
a minority of the samples (13%) exceeded the MSL. At
concentrations in mixed silage between 3 and 5 log;,
the number of FTM samples with a BAB spore concen-
tration above and below the MSL was similar. At these
concentrations in mixed silage, presumably the level of
fecal contamination of the teat exterior plays a role,
as also stated in the modeling study. The agreement
between the survey results and results obtained in a
modeling study emphasizes the usefulness of the model-
ing approach for identifying measures to control the
microbial contamination of FTM.

Incident Management

In achieving and maintaining BAB spore concentra-
tions of less than 3 logq spores/g in silage fed to cows,
the heterogeneous distribution of BAB spores in grass
and corn silage is a difficulty. A number of studies have
shown that BAB spore concentrations in grass and corn
silage can be highly elevated locally (up to >7 logig
spores/g), whereas the concentration in the bulk of the
silage is low (less than 3 logo spores/g; Jonsson, 1991,
Driehuis and Te Giffel, 2005; Vissers et al., 2007). When
such local spots with high BAB spore concentrations
are mixed with the bulk of the silage and other silage,
the average BAB spore concentration in the mixed si-
lage fed to cows increases significantly, as was con-
firmed in a recent study (Vissers et al., 2007). The het-
erogeneous distribution of BAB spores in silage may
explain why even farms with a low average BAB spore
concentration in FTM occasionally produce FTM with
a BAB spore concentration above the MSL (Table 2).
As such, efficient farm management with respect to
control of the contamination of FTM with BAB spores
probably depends on the ability of farmers to minimize
the incidence of elevated BAB spore concentrations (>5
logyo spores/g) in the mixed silage fed to cows in the
barn.

Control of BAB Spores in Mixed Silage

To ensure that the mixed silage fed contains fewer
than 3 logo spores/g, it is important to limit the initial
contamination of silage with BAB spores and to prevent
the growth of BAB during ensilage, storage, and feed-
out. Silage is initially contaminated with BAB spores
as soil is enclosed during harvesting (Pahlow et al.,,
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2003). The BAB spore concentrations measured in soil
(Table 1) indicate that an initial contamination level of
less than 3 spores/g of silage can be secured when less
than 1% of soil is enclosed. To prevent the growth of
BAB, it is first important to produce an anaerobically
stable silage by ensuring a fast and sufficiently deep
decline of the pH by lactic acid fermentation (Weiss-
bach, 1996; Pahlow et al., 2003). Second, penetration
of oxygen into the silage during storage and feed-out
should be prevented. Penetration of oxygen is the most
likely cause of locally increased BAB spore concentra-
tions in silage (Jonsson, 1991; Vissers et al., 2007). The
presence of oxygen in silage enables yeasts to grow and
consume the organic acids. As a consequence, pH rises
locally and BAB may start to proliferate, resulting in
small pockets with a very high BAB spore concentra-
tion. Adequate sealing of silage and a high silage den-
sity limit the penetration of oxygen (Parsons, 1991;
McGechan and Williams, 1994).

Late-Blowing in Summer

Traditionally, late-blowing of cheeses was exclusively
associated with milk produced in the winter period.
In the Dutch milk quality payment system, FTM was
therefore initially tested for BAB spores during the win-
ter period only. In recent years, however, incidents of
late-blowing in cheese have occurred more often during
the summer, suggesting that also during the summer
period the FTM has contained significant concentra-
tions of BAB spores. As a reaction, since 2004 FTM has
been tested for BAB spores all year round. The results
shown in Table 4 concerning the BAB spore concentra-
tions in FTM in summer and winter confirm that this
change in the milk payment system was justified. The
survey presented in this paper clearly demonstrates
that the increased frequency of late-blowing during
summer is most likely due to changed feeding and hous-
ing patterns in the summer. In the past in the Nether-
lands, cows were fed silage and housed all day only
during the winter period. In summertime, cows were
grazing all day and no silage was fed. Nowadays in the
summer period, cows are generally in the barn for at
least half of the day (Table 3), but more importantly,
silage is fed all year round, even when cows graze all
day.

CONCLUSIONS

To ensure BAB spore concentrations in FTM of less
than the MSL of 3 log;y spores/L, farmers should aim
for an average BAB spore concentration in the mixed
silage fed of less than 3 logo spores/g and prevent con-
centrations of more than 5 logq spores/g. Other aspects



BUTRYIC ACID BACTERIA IN FARM TANK MILK

of farm management did not affect the observed spore
concentrations in FTM. Efficient control of the BAB
spore concentrations in FTM of less than 3 log;, spores/
L mainly depends on the ability of farmers to prevent
incidents with elevated concentrations in mixed silage
fed (>5 logy spores/g). The results of the survey were
in agreement with a previous modeling study of the
contamination of FTM by BAB spores, emphasizing the
usefulness of a modeling approach to identify measures
to control the microbial contamination of FTM.
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