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ABSTRACT

Milk quality and clinical mastitis in dairy cows are
monitored by detecting visually abnormal milk. A stan-
dardized method to evaluate clots in milk and studies
of the incidence and dynamics of clots in milk at the
quarter level are lacking. We validated a method to
score clot density in quarter milk samples and describe
the prevalence and dynamics of the density scores
between consecutive samplings and periods in 4 farms
with automatic milking systems. Using in-line filters,
we collected quarter milk samples at each milking dur-
ing 3 periods of 30 h each in each farm. Clot density
was scored based on coverage of the filter area as 0
(negative), 1 (trace), 2 (mild), 3 (moderate), 4 (heavy),
and 5 (very heavy). The score for a specific quarter
and milking is referred to as the quarter milking score
(QMS). Three assessors independently scored 902 im-
ages of filter samples with a Fleiss kappa value of 0.72.
In total, 21,202 quarter milk samples from 5,398 milk-
ings of 621 cows were collected. Of the quarter filter
samples, 2.4% had visible clots, distributed as mild
(1.4%), moderate (0.6%), heavy (0.3%), and very heavy
(<0.1%, n = 8). Cases with a cow period sum of QMS
> 4, corresponding to 9.4% of all periods, harbored
86% and 94% of all QMS of 2 to 5 and 3 to 5, respec-
tively. Of these cases, cows sampled in all 3 periods and
clots in only 1 period had a quarter period sum score
> 1 in 1.8 different quarters in average. Corresponding
numbers for the cows with clots or traces in 2 or 3
periods were 2.2 and 2.5 different quarters, respectively.
A QMS of 2 to 5 in the preceding milking increased
the chance of a QMS >1 in the following milking, with
an average chance of 38%. The probability of a QMS
> 1 increased with increasing previous QMS, a higher
sum of QMS during the milking period, longer milking
interval, and higher lactation number, but decreased
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with increasing days in milk. Our study showed that
the method of clot-density scoring is feasible to perform
and reproducible for investigating the occurrence and
dynamics of clots in milk. Elevated clot-density scores
clustered within certain cows and cow periods and ap-
peared in new quarters of the cows over time. The low
recurrence of QMS of 1 and 2 within quarters indicated
that QMS 3 could be a reasonable threshold for detect-
ing quarters with abnormal milk that require further
attention.

Key words: mastitis, dairy cow, clot, quarter milk,
score

INTRODUCTION

Detecting changes in milk homogeneity, such as the
presence of clots and flakes in milk, is an important and
widely accepted part of monitoring milk quality and
mastitis in dairy farms. In conventional milking sys-
tems, the milking personnel typically inspect foremilk
before attaching the milking unit to find and potentially
treat cases of mastitis as well as to divert poor-quality
milk from the bulk tank holding milk for human con-
sumption. Inspection of foremilk is mandatory in the
European Union and promoted elsewhere (European
Commission, 2004; National Mastitis Council, 2013),
but is not always conducted in farms (Wenz et al.,
2007; Nielsen and Emanuelson, 2013). In herds with
automatic milking systems (AMS), foremilk cannot be
visually assessed. Instead, sensors monitor inflamma-
tion markers such as electrical conductivity, milk color,
milk yield, and milking characteristics. Changes in milk
homogeneity, such as the occurrence of clots >2 mm in
size, have been suggested as part of the standard for
evaluating milk quality in AMS (International Organi-
zation for Standardization, 2007a). Hence, the clot size
needs to be judged or scored for evaluation purposes.
Pouring milk through a filter is suggested as a universal
and consistent method for detecting clot presence (Ras-
mussen et al., 2005).

For research purposes in conventional milking sys-
tems, similar filter-based methods as those suggested
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by Rasmussen et al. (2005) have been applied to define
cases of visually abnormal milk. In these methods,
clots are collected throughout the milking using com-
mercially available in-line filters and scored visually
for homogeneity according to a scale (Claycomb et al.,
2009; Kamphuis et al., 2013, 2016). Studies using such
methods indicate that low densities of clots may oc-
cur on single occasions, possibly without any special
need for special treatment of the cow. However, studies
describing the dynamics of clot density in detail and at
the quarter level have hitherto been lacking.

Although the prestripping of quarters has long been
practiced, little is known of the occurrence and degree
of severity of the changes in milk homogeneity in com-
mercial dairy herds. To our knowledge, epidemiological
studies describing the incidence and dynamics of milk
homogeneity changes at the cow and quarter levels
over time, and describing the variables affecting the
prevalence and repeatability of these changes, are lack-
ing. The lack of a validated and feasible method for
assessing individual udder quarters of cows at the farm
level impedes the exploration of the occurrence and
severity of homogeneity changes in milk. Furthermore,
such methods and descriptive epidemiology are essen-
tial for setting industrial standards and developing the
required technologies for detection.

The main aims of this study were to assess the
prevalence, dynamics between sampling periods, and
repeatability within sampling periods of milk clots in
AMS. The specific objectives were (1) to develop and
validate an objective method to assess and score milk
clot density of quarter whole milk, (2) to describe the
prevalence and dynamics of clots of different densities
over time, and (3) to identify cow variables affecting
the chances of certain clot density scores.

MATERIALS AND METHODS
Data Collection

Data were collected from 4 commercial dairy farms
using AMS (VMS, DeLaval International AB) that
were selected based on willingness to participate and
the presence of additional sensors deemed necessary for
a companion study. The cows were milked in a total
of 10 AMS. Two of the selected farms were located
in Sweden (farms A and B) and 2 in the Netherlands
(farms C and D).

The data were collected between March 2017 and
April 2018, and each farm was visited on 3 occasions
at 2- to 4-wk intervals. The farm visits took place over
2 mo at farms A and B and, for practical reasons,
over 3 mo at farms C and D. The cows involved in
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the data collection were mainly Holstein-Friesian; farm
D was an exception, with approximately half of the
herd being Fries-Hollands. On each visit, visual milk
inspection (MI) of all udder quarters milked during 30
consecutive hours was performed, henceforth referred
to as “periods.” All cows milked in the AMS during
each period participated in the MI. The number of MI
per cow and period thus depended on the number of
AMS visits of each cow. Supplemental Table S1 (https:
//pub.epsilon.slu.se/23920/) summarizes details of the
data collection, number of AMS, number of cows, par-
ity, DIM, yearly milk production, and bulk tank SCC
at each farm.

Milk Inspections

The MI to identify clots were performed using a
meshed filter, the Vision 16 Mastitis Detector (Ambic
Equipment Limited), providing a representative sample
of clots throughout the milking of each quarter. For each
AMS, a filter with holder was installed along the milk
tube (International Organization for Standardization,
2007b) before the milk meter of each teat cup (Figure
1). Each quarter was separately sampled as follows. For
each AMS, after a cow milking, the filters were removed
from the holder and visually inspected for clots one by
one. Each filter was first gently rinsed with water from
above to remove milk and foam, after which it was visu-
ally inspected (Rasmussen, 2005). If there were no signs
of clots, no photo was taken, and the filter was cleaned
and returned to the holder along the milking tube. If
clots or suspected traces of clots were visible on the
filter, the filter or filters (if more than 1 per cow) were
put in a box with 4 positions (Supplemental Figure S1,
https://pub.epsilon.slu.se/23920/) and photographed
together with the AMS number, cow number, quarter
location, time, and date. A second picture, a close-up
of each filter, was then taken to be used for visual scor-
ing. Each MI image was stored together with notes on
any deviations, such as mixed-up cups during milking
and uncertainty regarding the cow number or quarter
locations. The sample was marked as failed if the MI
was not performed for some reason. The MI were per-
formed by 3 persons, whereof 1 was the second author,
who was also responsible for training of the 2 support
persons, 1 in Sweden and 1 in the Netherlands.

Scale for Clot Scoring

The scoring scale provided by the supplier of the
meshed filter assumed sampling at the cow composite
level. Because the MI was performed at the quarter
level, the density of clots sampled by the filter was as-
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Figure 1. Installation of holders and filters along the milk tube
before the milk meter of each teat cup.

sumed to vary more than at the cow composite level. A
scale, adjusted to scoring clots at the quarter level, was
therefore defined using 200 images collected at farm A
before the trial for training and evaluation purposes.

The scale ranged between 0 and 5, with a score of
0 being defined as no signs of clots on the filter. A
score of 1 was defined as a trace, with the total size of
the assembled deposits on the filter being <3 mm in
diameter. A score of 2 was defined as a mild assembly
of clots, with the total size of the deposits being >3
mm in diameter. A score of 3 was defined as a moderate
assembly of clots, with the total size of the deposits
being >5 mm in diameter or covering approximately
10% of the filter. A score of 4 was defined as a heavy as-
sembly of clots, corresponding to 10 to 50% of the filter
area covered with clots. A score of 5 was defined as a
very heavy assembly of clots, corresponding to >50%
of the filter area covered with clots. Table 1 provides
an overview of the scores and definitions, and Figure 2
depicts scores of 0 to 5.

Scoring of Clots

The images showing signs of clots were scored when
the data collection was completed at all farms. Three

Table 1. Definitions of milk homogeneity density scores 0 to 5

Score Definition Area of the filter covered with clots

0 No signs None

1 Trace Diameter <3 mm

2 Mild case Diameter >3 mm to <21 mm

3 Moderate case Diameter >21 mm to <10% of the
filter area

4 Heavy case >10% to <50% of the filter area

5 Very heavy case >50% of the filter area
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assessors (2 veterinarians and an animal scientist) not
involved in the data collection were trained at a joint
session by assessing the images collected in the pilot
study. Subsequently, the assessors scored each image
individually using the 1 to 5 scoring scale so that each
image received 3 scores. If at least 2 out of 3 assessors’
scores agreed, the MI was set as the quarter milking
score (QMS); if there was complete disagreement, the
score was removed from the data set, which was the
case for 3 MI. During the scoring, the assessors had
access to reference images for each score retrieved from
the 200 images from the training. Scorer agreement was
assessed on all successfully scored images from the trial
using Fleiss kappa (Fleiss, 1971), with 3 raters com-
puted using the “irr” package in R (Gamer et al., 2019).

Definitions of Combined Scores

Only cow periods with at least 2 milkings and com-
pleted MI during the period were included in the analy-
ses. Two definitions of summary scores were used for
the analyses: the quarter period sum score (QPSS; i.e.,
the sum of all QMS per quarter, period, and cow) and
the cow period sum score (CPSS; i.e., the sum of all
QMS per period and cow; Figure 3).

Data Analysis

Descriptive statistics were used to illustrate the score
dynamics. To better understand the QMS dynamics
between periods, we further selected all cows with 3
periods and at least 1 CPSS > 4. For this subset, we
calculated the following: number of periods with CPSS
> 1, average number of QPSS > 1 per cow, average
number of quarters with QPSS > 1 per cow, and per-
centage of all QPSS > 1 appearing in the same quarter.

To assess how indicative the CPSS was of the likeli-
hood of any chosen QMS being positive in a period,
data were analyzed using a logistic regression model
with PROC GENMOD of SAS 9.4 (SAS Institute Inc.).
The outcome variable was QMS status, being either
positive (QMS > 2) or negative (QMS < 2) of each
MI. The main explanatory variable was the CPSS of
the MI, but with the QMS of the actual MI subtracted
(aCPSS), to avoid a circular reference in the model
(i.e., the QMS of the MI on both sides of the equation).
The other explanatory variables were cow (repeated
factor), farm, breed, parity, period, quarter location,
status of the quarter at the previous milking (i.e., posi-
tive, negative, or unknown), DIM, quarter milk yield
(kg), and milking interval (min).

The functional forms of the continuous variables (i.e.,
aCPSS, DIM, quarter milk yield, and milking inter-
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Figure 2. Score, definition, and aggregate area of deposits on the filters scored for density.

val) were first evaluated using a generalized additive
model, fitted as splines. Subsequently, the functional
forms, indicated by the generalized additive model
results, were coded with appropriate polynomials, but
nonsignificant higher-order terms were removed from
the model to have as parsimonious a model as possible.
The quadratic (and cubic) terms of the continuous
variables were calculated after centering on the mean
within cow to reduce the collinearity between linear
and higher-order terms. Model results are presented as
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parameter estimates, but also as marginal means for

different levels of aCPSS, converted using the inverse of

the logit-link function (i.e., as predicted probabilities).
RESULTS

Scoring Method

From the collected 932 images of 303 unique cows,
30 quarter milkings were discarded due to failed sam-
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pling, unknown cow number, or missing image. Of the
remaining 902 images available for QMS assessment,
7 images received a score of 0, 379 images received a
score of 1, 303 images received a score of 2, 135 images
received a score of 3, 67 images received a score of 4,
and 8 images received a score of 5. Three of the images
were discarded due to scorer disagreement. The kappa
value comparing agreement between scorers was 0.72,
indicating substantial agreement (Landis and Koch,
1977), and all 3 scorers were in complete agreement
for 638 of the 899 retained images. Twenty-two cows
were milked and inspected only once during a period
and were removed from the data set, resulting in 880
quarter milkings with approved scores >0 available
for analysis. Due to the extremely low density in the
samples scored as trace (i.e., score of 1), these were
judged as not having visible clots.

Descriptive Statistics

In total, there were 1,630 periods with 5,389 cow
milkings from 621 cows and 21,202 quarters inspected
in the data analyzed. The average numbers of MI per
cow within a period were 3.0, 3.2, 3.8, and 3.4 for herds
A, B, C, and D, respectively. The overall proportion of
visible clots (QMS 2-5) was 2.4%, and the moderate to
heavy density cases (QMS 3-5) constituted 1.0% of all
MI (Supplemental Table S2; https://pub.epsilon.slu.se/
23920/). The proportion of visible clots varied between
farms from 1.6% to 3.4%, and of moderate to heavy
cases from 0.8% to 1.6%.

10125
CPSS and QMS Distribution

The CPSS ranged from 0 to 50 (Table 2). In total, 294
cow periods (18.0%) contained all visible clots (QMS >
1). There were 153 (9.4%) periods with CPSS > 4,
accounting for 68.5%, 88.1%, and 100% of the QMS for
mild, moderate, and heavy cases, respectively (Table
2). Furthermore, all cow periods for cows with at least
1 CPSS > 4 accounted for 311 (19.1%) of all periods,
represented by 116 (18.7%) of all cows and including
79.7%, 91.0%, and 100% of the QMS for mild, moder-
ate, and heavy cases, respectively. Among these 116
cows, a QMS of 1 was found in 201 MI, which was 4.9
times higher per milked quarter than in the MI of the
remaining cows; the corresponding numbers for QMS of
2 and 3 were 16.2 and 41.9 times higher, respectively.

Score Dynamics Between Periods

The 88 cows in the subset of cows with 3 sampling
periods and at least 1 CPSS > 4 were analyzed further,
including all scores and also including traces, as they
were found to be overrepresented. Seven of these cows
had CPSS > 4 in all 3 periods, 20 cows had CPSS >
4 in 2 periods, and 61 had CPSS > 4 in only 1 period.
These cows had 264 cow periods, of which 181 (69%)
had CPSS > 1, with most having 2 or 3 periods (31
periods each) with CPSS > 1 (Table 3). In all periods,
the number of quarters with QPSS > 1 was a maximum
of 3, and the average number of quarters with QPSS >
1 in any period was 1.7, independent of the number of

Period 1 Period 2 Period 3
Cow (Quarter MI 1|M| 2|M| 3|QPSS |CPSS |MI 1|M| 2|M| 3|M| 4|QPSS |CPSS WMI 2|M| 3|M| 4|QPSS |CPSS

I |Leftrear 2 0 2 4 8 2 1 2 2 2 5 9
Left front 1 0 0 0 0 0 0 2 0 2
Rightfront| 2 0 2 4 0 0 0 0 2 2
Rightrear | 0 0 0 0 0 1 0 0 0 0

Il |Left rear 2 5 18 0 0 0 0 0 2 o 0 0 0 0 0
Left front 6 0 1] 0 0 0 o 0 0 1 0
Rightfront| 0 0 0 0 0 0 O 0 0 0 o0 O 0
Right rear 7 1 0 0 2 2 0 0 0 0 0

Il |Left rear o 1] 0 0 1] o 0 0 1] 1] 0 5
Left front 0 0 0 0 0 0 0 0 0
Rightfront| 0 0 0 0 0 0 0 2 2
Rightrear | 0 0 0 0 0 0 0 3

IV |Left rear o 1] 0 0 5 o] 1] 0 0 10 0 0 0 6
Left front 0o 1 2 2 1 4 6
Right front| 0 1] 1 0 0] 0 0 0 o] 0 0
Right rear 1 0] 3 [ o 6 0o 0

Figure 3. Examples of scores within milk inspections (MI), quarter period sum score (QPSS), and cow period sum score (CPSS) distributions

for 4 cows with CPSS > 4 in 1 or more periods.
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QMS, n (row %)

CPSS (n) 0 1 2 3 4 5 All

0 (1,203) 15,582 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 15,582
1 (133) 1,567 (92.2) 133 (7.8) 0 (0) 0 (0) 0 (0) 0 (0) 1,700
2 (96) 1,157 (90.5) 52 (4.1) 70 (5.5) 0 (0) 0 (0) 0 (0) 1,279
3 (45) 524 (87) 37 (6.1) 25 (4.2) 16 (2.7) 0 (0) 0 (0) 602
4 (39) 430 (82.7) 38 (7.3) 40 (7.7) 10 (1.9) 2 (0.4) 0 (0) 520
5 (25) 290 (79) 38 (10.4) 31 (8.4) 7 (1.9) 1(0.3) 0 (0) 367
6 (18) 169 (76.8) 12 (5.5) 22 (10) 16 (7.3) 1(0.5) 0 (0) 220
7 (11) 104 (73.8) 12 (8.5) 14 (9.9) 7 (5.0) 4(2.8) 0 (0) 141
8 (15) 113 (69.8) 12 (7.4) 14 (8.6) 13 (8.0) 9 (5.6) 1 (0:6) 162
9 (11) 102 (68.9) 11 (7.4) 23 (15.5) 7 (4.7) 4(2.7) 1(0.7) 148
10 (9) 70 (66.7) 5 (4.8) 13 (12.4) 9 (8.6) 8 (7.6) 0 (0) 105
11-15 (14) 137 (67.2) 12 (5.9) 23 (11.3) 17 (8.3) 14 (6.9) 1 (0.5) 204
16-20 (5) 42 (58.3) 1(1.4) 9 (12.5) 12 (16.7) 4 (5.6) 4 (5.6) 72
21-50 (6) 35 (35) 7(7) 17 (17) 20 (20) 20 (20) 1 (1) 100
All (1,630) 20,322 (95.8) 370 (1.7) 301 (1.4) 134 (0.6) 67 (0.3) 8 (0) 21,202

periods with CPSS > 1 (data not shown). The number
of individual quarters with QPSS > 1 at least once
increased with the number of periods with CPSS > 1
and varied from 1 to 4 quarters (Table 3; Supplemental
Figure S2, https://pub.epsilon.slu.se/23920/).

Score Dynamics Within Period

Of 338 quarters with scores of 2 to 5, 37.9% had
QMS > 2 at the following milking. More specifically,
21.7% and 53.3% of the quarters with QMS of 2 and 3,
respectively, had QMS > 2 at the following MI. Cor-
responding figure for quarters with QMS of 4 and 5
was 74.0%. Of the negative samples (i.e., QMS = 0 or
1), 98.4% remained negative at the following MI. Of
the 21,202 QMS, 6,405 did not have a milking before
the MI in the data set. In these samples, the QMS
was negative in 97.8% of the cases (i.e., similar to the
overall proportion of negative QMS; Table 4). The re-
sults of the logistic regression analysis showed that the
linear and quadratic terms for aCPSS, previous QMS,
DIM, milking interval, lactation number, and farm
were significantly associated with the probability of
observing a positive QMS (Table 5). The probability of

a cow having a positive QMS decreased with increasing
number of DIM; for example, the odds of a positive
QMS were 0.55 times lower for cows at 300 rather than
at 30 DIM. A longer milking interval corresponded to
increased odds of a cow having a positive QMS; for
example, the odds of a positive QMS were 1.8 times
higher for a milking interval of 12 rather than 6 h.
In general, the probability of any random QMS being
positive were very low (2.4%), as shown earlier in Table
4. The odds of a random quarter in a period having
visible clots (QMS > 2) increased with higher aCPSS,
but in a nonlinear fashion, as illustrated in Figure 4.
Up to aCPSS of 9 to 10, we observed a slow increase,
with a steeper increase at higher aCPSS values. The
probability increased to 10% at an aCPSS of 7 and to
30% at an aCPSS of 14. Cows with aCPSS > 18 had a
greater than 50% probability of clots.

DISCUSSION

Detecting homogeneity changes in milk for the sur-
veillance of milk quality is widely recommended, and
legislated in the European Union, for all milking systems
(Commission Directive 89/362/EEC; National Mastitis

Table 3. Distribution of quarter period sum scores (QPSS) >1 for cows with varying numbers of cow period sum scores (CPSS) >1 and average
number of quarter periods with QPSS >1, among cows with 3 periods and at least 1 CPSS >4

Number of QPSS >1 appearing
in the same quarter in 1-3 periods

Number of CPSS >1 per cow Number of cows 1 2 3 Average number of QPSS >1
1 26 46 0 0 1.8

2 31 36 31 0 2.2

3 31 28 32 19 2.5

Total 88 110 63 19
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Table 4. Relationship between quarter milk scores (QMS) from 2 consecutive milk inspections

Current QMS, %

Previous QMS Negative 2 3 >4 Number of scores
<1 98.4 1.2 0.3 0.1 14,456

2 78.3 13.6 6.1 2.0 198

3 46.7 21.1 22.2 10.0 90

>4 26.0 4.0 24.0 46.0 50
Unknown 97.6 1.3 0.7 0.4 6,405
Number of scores 6,253 82 47 23

Council, 2013). The challenge of such surveillance lies
in agreeing on the definition of abnormal milk, a chal-
lenge that has long been known (Dodd et al., 1969), but
came into focus at the time of AMS introduction (Ras-
mussen, 2005). Hence, homogeneity scores have been
solely used as a part of the “gold standard” definition
in mastitis detection studies, where clot-density scoring
has been performed either by 1 scorer only (Kamphuis
et al., 2013, 2016) or with no interscorer agreement re-
ported (Kamphuis et al., 2008). To our knowledge, this
is the first study developing and validating a method
to identify and quantify clot density in quarter milk.
The interscorer agreement in this study was substantial
(Boyer and Verma 2000), which implies reliable infor-

Table 5. Parameter estimates from the logistic regression model
evaluating the association between cow period sum score (aCPSS),
quadratic term of cow period sum score (aCPSS_Q), and quarter milk
score (QMS) status (positive: QMS >1, or negative: QMS <2)

Variable Level Estimate  P-value'
Intercept —5.1079
aCPSS 0.2072  <0.001
aCPSS_Q —0.0056 <0.01
DIM —0.0023  <0.001
Quarter yield (kg) —0.0470 0.25
Milking interval (min) 0.0017  <0.001
Previous QMS Positive 2.1960 <0.001
Unknown 0.2101
Negative 2
Lactation 1 0.0557 0.03
2 0.3351
>3
Breed Other 0.0608 0.73
Holstein-Friesian
Farm A 0.4264  <0.01
B —0.1408
C 0.2255
D
Period 1 —0.0149 0.96
2 —0.0334
3 J—
Quarter Left rear —0.0183 0.82
Left front —0.0564
Right front —0.1268

Right rear —

! P-value for main effect.
*Reference level.
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mation about milk homogeneity changes for individual
cows. Furthermore, data collected on several occasions
from all quarters have never previously been reported,
allowing us to study the prevalence of and changes in
milk homogeneity of different densities over time.

The higher scores belonged mainly to a subpopula-
tion of cows with at least 1 CPSS > 4. However, the
scores varied considerably within quarter and between
periods in the same cow. Most of these cows (i.e., 61
of 88 with 3 periods) had CPSS > 4 in only 1 period.
However, these cows commonly also had CPSS between
1 and 3 in at least one of the remaining periods (Table
3). The number of mastitis treatments among these
cows was 10 during the trial (including 10 d before first
period), whereof 4 maintained clots in milk. Hence, this
was considered to be negligible for the outcome.

Also, the number of individual quarters with QMS >
1 was higher in cows having 2 additional periods with
CPSS > 1 than in cows with only 1 or no additional
period. This indicated that this subpopulation of cows
had a longer period of milk homogeneity changes, but
of varying degrees. Rasmussen (2005) found a strong
relationship between California Mastitis Test scores
and the presence of clots in milk, which suggests udder
inflammation in a large proportion of cows with clots
in foremilk. In our study, the pattern of clots within
the affected subpopulation could reflect the typical
inflammation pattern of cows with clinical signs of
mastitis. Elevated CPSS scores across periods could
thus indicate cows with chronic mastitis in dynamic
stages of inflammation. Hence, monitoring a gradual
increase as well as the dynamics of QMS over time
could be a valuable tool to allow the farmer to identify
cows with chronic mastitis. The dynamics of elevated
QMS between the quarters of a cow warrant further
investigation. It appears that a cow once affected by
milk homogeneity changes, such as clots in 1 quarter, is
more likely to display changes in other quarters. These
dynamics have been found in other studies in which
gradually increasing cow composite SCC were related
to an increasing number of quarters expressing inflam-
mation (Brolund, 1985).
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Of all samples with nonzero scores, 42% were clas-
sified as having a QMS of 1, a score that a farmer
would likely not detect or take notice of when evaluat-
ing milk samples without filtering. However, a score
of 1 (i.e., trace) could be an indication of flakes in the
milk. The presence of small flakes was earlier reported
to be a rather poor indication of bacteriological infec-
tion or inflammation (Giesecke and van den Heever,
1974). Nevertheless, a QMS of 1 was 4.9 times more
common in all MI from cows with 1 or more CPSS >
4 than in cows with lower CPSS values. Thus, a QMS
of 1 might indicate an early stage of clinical mastitis
or a cow in the recovery stage of a clinical mastitis.
In chronic cows, QMS of 1 could indicate a transition
between a nonclinical and a clinical stage. The total
number of QMS values of 1 was almost as high in cows
with lower CPSS values but then was usually observed
only once. Hence, a score of 1 might also have other
explanations, such as a prolonged milking interval (La-
kic et al., 2009). Our findings suggest that a score of 1
(i.e., trace) should be further explored to evaluate its
importance in the assessment of abnormal milk and in
the development of scores over time.

The results of the logistic regression model, indicat-
ing which variables were most likely associated with a
positive score (i.e., QMS > 2), were expected, with the
exception of milking interval. The pathophysiological
background of clots in mastitis cow milk is not fully un-
derstood. A prolonged milking interval (up to 24 h) has
not been identified as a risk factor for clinical mastitis,
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but seems to increase the number of PMN cells in milk
from previously healthy udders (Lakic et al., 2009).
The proteolytic activity of proteases released from
somatic cells (e.g., PMN cells) during inflammation
induces the generation of para-k-casein and leads to
the precipitation of caseins in mastitis milk, which has
been described as one of the mechanisms behind clot
formulation (Rasmussen and Larsen, 2003). Therefore,
it is possible that, depending on various factors such as
the possible presence and type of bacteria and stage of
inflammation in the udder, a prolonged milking interval
might increase the risk of clots in milk even though the
risk of clinical mastitis does not increase. The milking
interval can thus give additional information regarding
the occurrence of clots.

The application of a clot-density scale with scores
between 0 and 5, based on filter coverage, can be re-
garded as a semiquantitative method that estimates
the approximate concentration of clots in milk (Bertin,
1978). In contrast to Rasmussen (2005), we found
substantial agreement between scorers. It should be
considered that Rasmussen (2005) used clots in the
foremilk of cows, and we used the whole milk yield
of a quarter during a milking. Rasmussen (2005) also
used a dichotomized scale (i.e., the presence or absence
of clots) and found reasonable agreement in sensitivity
and specificity when the samples were analyzed in a
laboratory setting by pouring collected milk through a
filter. This indicates acceptable interscorer agreement
in a laboratory environment. Our results support the

0 1 2 3 45 6 7 8 9 101112 13 14 16 18 19 20 21 23 24 47 50

aCPSS

Figure 4. Predicted probabilities of a positive quarter milk score (QMS; QMS >1), calculated as marginal means at different levels of cow
period sum score (aCPSS, cow period sum score of the milk inspection, but with the QMS of the specific milk inspection subtracted), as esti-
mated in a logistic regression model and converted using the inverse logit-link function.
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view that assessing the total area of clots, unlike the
earlier used clot size (Rasmussen et al., 2005), is likely
to be more closely related to the total amount of clots
in the milk (Rasmussen, 2005). The validity of the scor-
ing system was supported by the significantly higher
chance of an elevated score if the preceding MI had a
positive score, particularly if the score was high.

By collecting composite udder milk samples, clots
from several different quarters are gathered for assess-
ment on the filters, which naturally will affect the den-
sity. Compared with other studies assessing in-line filter
density (Kamphuis et al., 2013, 2016), we collected
samples at the quarter level, which probably allowed
the use of a more versatile scale of homogeneity scores
(i.e., 1-5 vs. the previously used 1-3). Furthermore,
the density score of each individual quarter cannot be
captured using composite samples, which was demon-
strated here and also indicated by the larger proportion
of higher scores from cow composite milk (Claycomb et
al., 2009; Kamphuis et al., 2013, 2016), because udders
with higher scores often have more than 1 quarter with
clots or flakes and may also include lower scores hidden
in the whole milk.

To our knowledge, no studies have applied a repro-
ducible clot-density scale to milk samples. However, it
has been proposed that true mastitis cases should be
limited to including only those with high clot density
or, alternatively, with the repetitive occurrence of clots
in consecutive milkings (Rasmussen et al., 2005; Clay-
comb et al., 2009; Kamphuis et al., 2016). From our
study, we can conclude that low density scores have
lower repeatability. Based on our results, we would not
recommend setting the requirement to detect density
scores with a repeatability below 50%. In this study,
this translates into scores of 1 and 2 not being targeted
as true mastitis cases.

CONCLUSIONS

We further developed and validated a semiquantita-
tive method to score clot density at the quarter level
that achieved substantial interobserver agreement and
can be applied in further studies. The distribution
and dynamics of the QMS and CPSS values over time
showed that elevated clot-density scores were found in
a limited subgroup of the cows. However, the trial was
conducted in a small number of herds over a limited
period, so more research into differences between herds
and types of mastitis is called for. In such studies, it
would be preferable to also follow bacteriological find-
ings and inflammatory markers such as SCC in the
same quarters.
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