J. Dairy Sci. 85:2582-2588
© American Dairy Science Association, 2002.
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ABSTRACT

The objective of this study was to investigate the
quality of milk from teats with milk flow disorders.
Somatic cell count, pathogens, and signs of mastitis
(>100,000 cells/ml and pathogens detected) were deter-
mined in the milk from all teats of the udder before
treatment of the affected teat, as well as 1 and 6 mo
later. Teats with milk flow disorders were compared
to all of the other teats from the same udder. Before
treatment, the SCC from affected teats was 4.3 million
higher, the odds of detecting pathogens 6 times higher,
and the odds of mastitis 11 times higher than in control
teats (when adjusted for other significant explanatory
variables). SCC and the risk of mastitis decreased after
surgical treatment of the affected teats, whereas the
chance of detecting pathogens was not affected. Six
months after treatment, the SCC was 1.3 million
higher, and the odds of mastitis 6.5 times higher than
in control teats. Throughout the study period neither
SCC, the odds of detecting pathogens, nor mastitis
changed significantly in control teats. It may be con-
cluded from this study that milk quality from teats with
milk flow disorders is decreased before treatment and
does not reach the milk quality from unaffected teats
within 6 mo after treatment.

(Key words: milk flow disorder, somatic cell count,
pathogen, mastitis)

Abbreviation key: CI = confidence interval

INTRODUCTION

Milk flow disorders are often associated with de-
creased milk quality. In milk from teats with milk flow
disorders the average SCC was 2.5 million/ml, and
pathogens were detected in 59% of the cases when pre-
sented to veterinarians (Querengésser et al., 2001). De-
spite treatment of the affected teat, composite SCC was
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on average 128,000 higher throughout lactation in af-
fected cows than in unaffected cows (Querengésser et
al., 1999). Milk flow disorders increased the risk of sub-
clinical and clinical mastitis (Tschappét et al., 1976;
Witzig et al., 1984, Wigger and Martig, 1985; Agger
and Willeberg, 1986; Zahner, 1989; Bigras-Poulin et al.,
1990; Querengésser et al., 1999; Kiossis et al., 2002).

The objective of this study was to investigate SCC,
the chance of detecting pathogens, and signs of mastitis
in the milk from all quarters in cows with milk flow
disorders both before and after treatment. We hypothe-
sized that SCC and the odds of detecting pathogens or
signs of mastitis are higher in milk from teats with
milk flow disorders than in the remaining teats before
treatment (first research hypothesis). We further hy-
pothesized that milk quality from teats with milk flow
disorders is equal to that of unaffeced teats 6 mo after
treatment (second research hypothesis).

MATERIALS AND METHODS
Animals

This study was performed on 97 dairy cows that farm-
ers had brought to the Veterinary Clinic Babenhausen
in Bavaria between May 18, 1999, and February 1,
2000, because they had problems milking one or two of
the teats. The outer skin of the affected teat was mainly
intact. A total of 100 hard milking teats were investi-
gated. In 94 cows, only one teat was affected; three
cows had two affected teats. Three cows had one blind
quarter. The cows belonged to various breeds (Table 1)
and originated from 78 herds. One cow was enrolled
from each of 65 herds, 2 cows from 5 herds, and 3 or
more from 5 herds.

Procedures

On referral, case history (Table 1) was determined,
and a clinical examination (Table 2) performed. Before
examination of the teat, cows received xylazine (0.2 ml
of a 2% solution per 100 kg of body mass) and oxytocine
(20 TU) intravenously. All udder examinations were
performed at the quarter level. After cleaning the teats,
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Table 1. Case history.

Parameter % Median
Brown Swiss (Braunvieh) 66
Simmental (Fleckvieh) 19
Holstein (Schwarzbunte) 11
Others 4
Tie stall 66
Free stall 33
Herd size (lactating cows) 38
Age (lactations)

1 45

2 30

3 10

4 7

5 4

6 2

7 1

8 1
DIM when presented 91
Duration of illness (days) 14
Pretreated 79
Location of the affected teat

Front left 12

Front right 17

Hind left 42

Hind right 29

hand milkability was assessed (milkable by hand/not
milkable by hand). The teat tip to floor distance, and
the teat length were measured; the teat tip thickness
was determined using spring-loaded calipers (Haupt-
ner, Solingen/Germany) (Hamann et al., 1996). After
disinfection, milk samples were taken to determine
SCC (1000 cells/ml), and to culture pathogens (type)
(Deutsche Veterindrmedizinische Gesellschaft e.V.,
2000). The pathogens were grouped into major, minor,
and uncommon pathogens (Radostits et al., 2000). Mas-
titis was defined as an SCC greater than 100,000 with
pathogens present (Deutsche Veterindrmedizinische
Gesellschaft e.V., 1994); when no flakes were visible,
the mastitis was defined as subclinical and when flakes
were visible the mastitis was defined as clinical. Teat
canal width was measured with a plug gauge (Johann-
son, 1957); the gauge used measured diameters from
1 to 5 mm in 0.5-mm steps. Teat canal length was
determined with a thelometer (Querengésser and Gei-
shauser, 1999) (Thelometer; Eickemeyer, Tuttlingen,
Germany). Cows were milked with a quarter milking
machine equipped with four lactocorders (Foss, Hil-
lerod, Denmark) (Wellnitz et al., 1999). The lactocord-
ers measured peak milk flow, average milk flow, and
milk yield. Upon initial examination, the affected teat
was only milked for 1 min, to prevent further injury to
the teat. The remaining milk was drained with a milk-
ing tube and weighed. All unaffected quarters were
milked out by machine.
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To diagnose the cause of the milk flow disorder, all
affected teats were examined by a veterinarian using
teat endoscopy (Theloscope; Eickemeyer, Tuttlingen,
Germany) (Medl and Querengisser, 1994; Querengés-
ser, 1998). With the endoscopic findings, the teats were
classified into three groups as follows: 1) Rupture in
the teat canal area without dislocation of tissue, 2) Rup-
ture in the teat canal area with dislocation of tissue
(inversion or eversion), and 3) Other (Querengésser et
al. 2001). All milk flow disorders were surgically treated
by the removal of dislocated tissue, dilation of narrowed
teat canals, or extraction of free bodies from the teat
cistern (Geishauser and Querengésser, 2001). After
surgery, an antibiotic (600 mg of cefazolin; Merial,
Halbergmoos, Germany) was administered into the teat
cistern, either a silicone implant (SIMPL; profs-prod-
ucts.com, Germany) or a natural teat insert (NIT; profs-
products.com, Germany) was inserted into the teat ca-
nal, and the teat was bandaged and rested (not milked)
for several days. Cows were reexamined 1 and 6 mo
later in the herd of origin.

Statistics

The data were described as medians for continuous
variables and as frequencies for categorical variables
(descriptive statistics; Kreienbrock and Schach, 2000).
Affected teats were compared to unaffected (control)
teats. Attempts were then made to draw conclusions
from the data (inductive statistics). Linear regression
was used (Myers, 1990) to assess the effect of milk flow
disorder (present/not present), and the effect of time
relative to treatment (0 = before treatment, 1 = 1 mo
later, 6 = 6 mo later) on SCC. Logistic regression
(Hosmer and Lemeshow 1989) was used to assess the
effect on the odds of detecting pathogens or signs of
mastitis. Because an interaction between the milk flow
disorder and the square root of the months after treat-
ment was assumed in the risk of detecting pathogens,
an interaction term of milk flow disorder and the square
root of the months after treatment was put into the
pathogen model. Because a simple interaction between
milk flow disorder and months after treatment was
assumed in the mastitis risk, an interaction term of
milk flow disorder and the months after treatment was
put into the mastitis model. Other explanatory vari-
ables, known from the literature to affect the dependent
variables, were included in the model and selected by
a stepwise forward procedure. Effects of the individual
cow were adjusted for by using generalized estimation
equations (Liang and Zeger, 1986). Odds ratios and
confidence intervals were calculated from variable esti-
mates and standard errors (Hosmer and Lemeshow,
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Table 2. Findings in teats affected and unaffected with milk flow disorders before, 1, and 6 mo after treatment.

Examination Reexamination Reexamination
before treatment 1 mo later 6 mo later
Affected Unaffected Affected Unaffected Affected Unaffected
quarter quarter quarter quarter quarter quarter
(n =100) (n =297) (n=98) (n =291) (n=178) (n =233)
Parameter %  Median % Median % Median % Median % Median % Median
Days after initial examination (n)
32 32 187 187
DIM (n) 91 91 121 121 205 205
Teat tip to floor distance (cm) 46 47 48 48 47 47
Teat length (mm) 60 60 55 60 55 55
Teat tip thickness (mm) 14 13 14 13 13 12
Teat canal width (mm) 2 2 2 2 2 2.5
Teat canal length (mm) 10 9 9 9 10 9
SCC (*1000 cells per ml) 2936 131 725 59 426 61
SCC > 100 000 (cells/ml) 94 59 86 14 79 41
Pathogens detected 67 15 69 20 61 19
One pathogen 72 89 75 83 78 77
Two pathogens 27 11 22 17 22 23
Three pathogens 1 0 3 0 0 0
Mastitis 67 14 65 12 53 15
Subclinical 85 100 90 94 93 94
Clinical 15 0 10 6 7 6
Milkable by hand 76 100 100 100 100 100
Milkable by machine 59 100 95 100 97 100
Milking interval (h:min) 7:30 7:30 11:45 11:30 11:00 11:30
Milked yield (kg) 0.11 1.33 1.38 2.30 1.66 2.30
Drained yield (kg) 1.38 0.00 0.00 0.00 0.00 0.00
Total yield (milked and drained) (kg) 1.50 1.39 1.55 2.30 1.66 2.30
Peak milk flow (kg/min) 0.14 0.63 0.44 0.63 0.49 0.63
Average milk flow (kg/min) 0.11 0.45 0.29 0.45 0.34 0.45
Milking time (min:s)! 1:00 3:15 4:55 5:30 4:45 5:20

"Milking time: When initially examined the affected teats were milked only for one minute to save the teat.

1989). The Statistical Analysis System (SAS 1999) was
used for computation. The P value was set at < 0.1.

RESULTS
Descriptive Statistics

This study was performed predominantly on young
brown swiss cows, kept in tie-stall barns, and belonging
to herds with a median herd size of 38 cows. Cows were
at a median of 3 mo in milk and mostly pretreated.
Milk flow disorder predominantly affected hind teats
(Table 1). In 96% of the affected teats, a rupture in
the area of the teat canal was diagnosed (47% without
tissue dislocation, 49% with tissue dislocation); in 4%,
other causes were diagnosed. There seemed to be no
difference between affected and unaffected teats in teat
tip to floor distance, teat length, teat thickness, teat
canal length, or teat canal width. Peak milk flow, aver-
age milk flow, and milk yield were lower in affected than
in unaffected teats (Table 2). On initial examination,
somatic cells were found 22 times more frequently, and
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pathogens or signs of mastitis 5 times more frequently,
in the milk of affected teats than in the milk from unaf-
fected teats. Half a year later, somatic cells were found
7 times, pathogens 3 times, and mastitis 4 times more
frequently in affected than in unaffected quarters (Ta-
ble 2). Major pathogens (esculin-positive and -negative
streptococci) were the most common isolate from af-
fected teats througout the study period. In the milk
from unaffected teats, the proportions of major and mi-
nor pathogens were similar during the initial examina-
tion. Half a year later, however, the percentage of major
pathogens had increased in unaffected quarters and
was now similar to that of affected quarters (Table 3).

Inductive Statistics

In the multivariable model, on initial examination,
SCC from teats with milk flow disorders was signifi-
cantly higher compared to control teats, with an aver-
age difference of 4.3 million. SCC had decreased in the
milk from affected teats one month after treatment. Six
months after treatment SCC was still 1.3 million higher



2585

QUARTER MILK QUALITY

(0003 “Te 30 syysopey) siseak pue sousdoAd 'y :susdoyred uowrwodu(),
(0002 “Te 39 sjysopey]) S100Q wn1La1onqaulio) pun (‘p3g dATyedau asendeod) "dds vig :suadoyjed Iourpy,
(0003 “Te 30 SH13SOpeY) SIOYI0 ‘SULIOJ[O)) ‘Sna.nD VIS @01nFou unIsa 4G da1prsod u1noss 138 ‘on1owwsn 43S suagoyyed Jole|,

‘SPBUOWIOPNAS] PUB SUIISIILDUL DIYDLLIIS ‘SNJOL] ‘DDIIDLLIIIDQOLIIUT] SIBYIQ;,
'sna.nn 03§ jdedxa :dds 01g,

(000Z “OAQ) T Pue H ‘D dnoid ppayoouny 4G o01IVIPSSAP UG 201IDSIU UINISI 4IS,
(000Z “DAQ) 100000.023u7] ‘S1LqN 4G :213180d UNISI IS

01 4 0 4 0 < 0 L 0 0 0 14 ,Susdoyyed uowrwoou)
0% €% 9% ¥1 €9 8% 47 91 24 49 Le 91 oSuadoyyed zoury
0L g9 PL 78 L€ Ly 89 LL 9% 8% €9 08 Suagoyyed Jolepy
01 9 12 8 01 S 9 S 8 0 0 0 ;S0
0 0 0 0 0 S 0 1 0 0 0 0 IR
0T 1 0 4 0 0 0 9 0 0 0 ¥ souaSoAd .4210DqouDILY
0 0 ¥ € S 0 0 0T 0 0 S L SULIOJI[0))
0% €% 14 91 11 8% it el ST 144 (0] 0T snaunn $n22000]4ydn3g
0% €5 9% P1 €9 8% ¥ 91 ¥ 4] L€ 91 ¢'dds $12200074ydDIg
01 9 ia! 11 0 0 L LT 0 0 1T VG 42a1103oU u1Inosa s1320001da.3g
o€ 81 ee Lg 11 it 1€ 1€ €5 144 L€ 8¢  [pasod u1nasa sn320201da.3g
0 4 S1 6 0 0 0 1 0 0 0 1 o010 $N220007d247S
% % % % % % % % % % % % uadoyyreq
O0rT=uw (LI=w (Lg=uw (9¢=u) (I=UW) (Ig=UW (6g=uU) (98=1UW) (gI=U) (LI=u) (6I=U) (L8=T0)
p It P pajodyye p It P pajoagge p It P pajoage
I9)e[ ow 9 I97e[ ow | juswjear) aI0jog

's789] (p) Teuoderp Io (1) [eteje[isdl ([9) [e19)B[BIJUO0D WIOIJ J[TW S} Ul PUB SIBO) POJISJJe WOIJ J[TW ) Ul Pejdajep sussoyjed ‘¢ 9[qe],

Journal of Dairy Science Vol. 85, No. 10, 2002



2586

QUERENGASSER

Table 4. Quarter somatic cell count (million cells/ml of milk) model. Explanatory variables, estimates,

standard errors and P values are given.

Variable Estimate SE P

Constant -2.250 0.844 0.01
Milk flow disorder present vs not present 2.900 0.483 0.00
Months after treatment 0.021 0.023 0.37
Milk flow disorder * square root of the months after treatment -1.230 0.251 0.00
Hind teats vs front teats 0.364 0.364 0.00
Teat end thickness (mm) 0.164 0.058 0.00
Teat canal width (mm) 0.484 0.282 0.09
Pathogen detected vs not detected 1.060 0.209 0.00
Simmental vs others -0.548 0.174 0.00
Milked yield (kg) -0.263 0.100 0.01
Milking time (sec) —-0.001 0.000 0.02

than in unaffected teats according to that model. Quar-
ter SCC was higher in free-stall barns than in tie-stall
barns and increased with increasing teat end thickness
and increasing teat canal width. Pathogens increased
SCC. Somatic cell count was lower in Simmental breeds
than in others and decreased with increasing milk yield
and increasing milking time (Table 4, Figure 1).

Throughout the study period, the odds of detecting
pathogens averaged 6 times higher (90% CI: 4.5 to 8.2
times higher) in the milk from affected teats than in
the milk from unaffected teats. The odds of detecting
pathogens increased herd size, with days in milk, and
with SCC increased (Table 5, Figure 2).

Mastitis was 8.2 to 20 times more likely (90% confi-
dence interval [CI]) in quarters with milk flow disorders
than in quarters without milkflow disorders (an aver-
age of 11 times more likely). In affected quarters the
odds of mastitis decreased after treatment. Half a year

scc (million cells/ml of milk)

0 1 2 3 4 5

ole

month after treatment

Figure 1. Somatic cell count in the milk from affected (M) or
unaffected (@) teats before and after treatment. Calculated for the
hind teats of an average simmental cow; affected teats with pathogen,
unaffected teat without pathogen in the milk.
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after treatment, mastitis averaged 6.5 times more likely
in affected quarters than in unaffected quarters (90%
CI: 1.3 to 11 times more likely). The odds of mastitis
increased with herd size, DIM, and with teat canal
thickness (Table 6, Figure 3).

DISCUSSION

The results confirm the first research hypothesis as
before treatment, either SCC, the odds of detecting
pathogens, or the odds of mastitis were higher in milk
from teats with milk flow disorders than in the milk
from teats without milk flow disorders. This agrees with
other studies reporting high SCC and frequent presence
of pathogens in milk from teats with milk flow disorders
(Tschappét et al., 1976; Querengésser et al., 2001), and
an association between teat injury and mastitis (Witzig
et al., 1984; Wigger and Martig, 1985; Agger and Wille-
berg, 1986; Zihner, 1989; Bigras-Poulin, et al., 1990).
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Figure 2. Probability of detecting pathogens in the milk of affected
(M) and unaffected (@) teats before and after treatment. Calculated
for an average cow.
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Table 5. Model of the odds (logit) of detecting pathogens in the milk
from a quarter. Explanatory variables, estimates, standard errors,
and P values are given.
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Table 6. Model of the odds (logit) of detecting signs of mastitis in
the milk of a quarter. Explanatory variables, estimates, standard
errors, and P values are given.

Variable Estimate SE P Variable Estimate SE P
Constant -2.320 0.299 0.00 Constant -4.000 0.642 0.00
Milk flow disorder present vs not present  1.800 0.184 0.00 Milk flow disorder present vs not present  2.520 0.233  0.00
Month after treatment (n) 0.015 0.033 0.64 Months after treatment (n) 0.017 0.044 0.71
Herd size (lactating cows) 0.010 0.004 0.01 Milkflow disorder *
DIM (n) 0.002 0.001 0.03 Months after treatment -0.111 0.059 0.06
SCC (*1000 cells/ml) 0.000 0.000 0.00 Herd size (lactating cows) 0.013 0.005 0.00
DIM (n) 0.002 0.001 0.02
Teat end thickness (mm) 0.102 0.040 0.01

In the present study, subclinical, not clinical mastitis
was diagnosed in most quarters with milk flow disor-
ders. Pathogens and high SCC in milk from teats with
milk flow disorders may be a consequence of teat injury
and of inappropriate pretreatment. Closure of the teat
canal may be impaired after injury and might allow
pathogens to enter the quarter, thus causing a high
SCC. In a previous study, SCC averaged 1.6 million
higher in cows that had been pretreated than cows that
hadn’t (Querengésser and Geishauser, 1999).

The second research hypothesis was rejected, how-
ever, because half a year after treatment, milk quality
from affected teats was still not as good as from unaf-
fected teats. During this period, SCC and the odds of
mastitis had decreased in affected quarters, the odds
of detecting pathogens, however, remained unchanged.
The findings of this study are in accordance with others
reporting a decline in SCC after treatment of milk flow
disorders (Kiossis et al., 2002). However, earlier studies
have shown that the composite SCC in cows affected
with milk flow disorders is higher throughout lactation

probability (%) of mastitis
8

0 t t t t t {
0 1 2 3 4 5 6

month after treatment

Figure 3. Probability of detecting signs of mastitis (somatic cell
count > 100,000 U pathogen present) in the milk of affected (H) or
unaffected (@) teats before and after treatment. Calculated for an
average Cow.

than in unaffected cows (Querengisser et al., 1999).
It may be hypothesized that the affected quarter is
responsible for the increased composite SCC, as the
SCC of the remaining teats was normal and did not
change significantly throughout the study period. Teat
injuries seem to increase the risk of quarter infection
over a long period of time (Tschéppét et al., 1976; Agger
and Willeberg, 1986). Further study is needed to deter-
mine if pathogens from the affected quarter can infect
the unaffected quarters. Because the odds of detecting
pathogens were low in unaffected quarters and did not
change throughout the study period, it may be hypothe-
sized that the risk of infection is generally low. Our
results agree with others (Gedek et al., 1987), in that
esculin-positive and -negative Streptococci were most
frequently found in the milk from teats with milk
flow disorders.

Other factors affected milk quality in this study: SCC
decreased with increasing milking time (Bahr et al.,
1995) and increased with increasing teat end thickness
(Zecconi et al., 1996), increasing teat canal width (Jor-
stad et al., 1989), and pathogens detected (Querengis-
ser and Geishauser, 1999). Swelling of the teat end,
widening of the teat canal, infection with pathogens,
and increase of SCC were significantly associated with
the injury of the teat (P < 0.001). The odds of detecting
pathogens increased with days in milk (Jayarao et al.,
1999), and the milk yield decreased with increasing
SCC (Hortet and Seegers, 1999; Querengésser et al.,
1999). Further evaluation is needed to discover why
quarter milk yield was higher in free stall barns than
in tie stall barns, and why the odds of detecting patho-
gens or the odds of mastitis increased with increasing
herd size.

It may be concluded from this study that milk quality
from teats with milk flow disorders is lower than in
teats without milk flow disorders before treatment, that
milk quality from affected teats may not meet the milk
quality of unaffected teats within half a year after treat-
ment, and that milk quality from unaffected teats was
normal and did not change within half a year after
treatment of the affected teat.

Journal of Dairy Science Vol. 85, No. 10, 2002
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