





were obtained during monthly visits of the DHI Supervisor. Labor
saving took place at this time because recording of cow numbers

was used for both research data collection and DHI records.

Time Period I

Teat shapes from 997 Holstein cows were taken on June 11-12,
1974. One teat from each cow was randomly selected and typed for
shape of the teat end according to Appleman's (1973) classification.
(See Figure 1.) Pointed, round, flat, disk, and cone shaped teat
ends were then numerically scored 1, 2, 3, 4, and 5, respectively,
to facilitate computer analysis.

The classification of teat ends was made in the milking parlor
after the milking machines were removed.

Samples of mixed milk of the entire udder (bucket milk from
the weigh jars) from 1,015 cows were taken August 17-18, 1974.
Samples were taken 1mmédiate1y after the DHI Supervisor's bucket
milk sample. Sets of 50 samples were cooled in an ice bath as soon
as the 50 samples were collected. Cooled samples were then placed
under refrigeration. All of the samples were screened within 36
hours using the California Mastitis Test (CMT). The results of the
CMT were read as negative, trace, 1, 2, and 3. These were later
‘coded as 1 through 5, respectively, to facilitate computer analysis.

There were 250 cows during the August 17-18 collection with
composite milk samples having CMT scores of trace, 1, 2, or 3. Of
these 250 cows, only 175 were tested as to individual quarters using
the CMT. Two men were needed for the collection of this data, and

only one man was available resulting in a net loss of 75 cows not
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2. ROUND 3. FLAT

SIDE END . SIDE END
4. DISK 5. CONE

SIDE END SIDE END

Figure 1. Diagrammatic representation of the five
primary teat end classifications



tested.

Time was a critical factor in the milking parlor.

Therefore, cowside CMT analysis of individual quarters was not

feasible.

A method was devised to save time in the milking parlor

as follows:

(1)

(2)

(3)

(4)

(5)

Individual milk sample vials as used by the DHI Supervisor
were premarked as to the four quarters of each cow in
question.
The 175 cows were premarked before entering the parlor in
order that the animals might be quickly identified.
Each of the 175 cows was prepared for milking in the
usual manner. That is, the teats and udder were cleaned
with an udder cloth with warm water and then dried off.
Samples were then taken as follows:
(a) One or two streams of milk were taken manually from

a quarter and allowed to fall to the floor.

(b) Approximately 25 ml1 of milk were manually extracted
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from the above quarter and placed in a milk sample vial.

(¢) Procedures (a) and (b) were followed for each of the
other three quarters.

The individual milk samples were collected in styrofoam

containers of 50 and were immediately cooled in an ice

bath and then placed under refrigeration. The samples

" were analyzed as to CMT scores within 24 hours.

Teat end erosion from 913 Holstein cows was taken on

September 9-10, 1974. Teat end erosion was recorded according to
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severity on a scale of zero to three, zero indicating no erosion
and three indicating severe erosion. Approximately 50% of the cows
were examined for teat end erosion before the milking machines were
attached, and 50% of the cows were examined for teat end erosion
after the milking machines were removed. This facilitated speed
in the milking process and valuable milking time was not lost due
to data collection.

Production data in Time Period I were taken from DHI individual
cow records on a 305 day basis. Information such as daily milk
yield, extended 305 day lactation milk and fat yield, month of

lactation, and lactation number were recorded.

Time Period II

Teat end erosion from 879 Holstein cows was collected on
November 29, 1974. The procedure was idential to that in Time
Period I.

Composite milk samples were also collected at this time. The
samples were cooled in an ice bath, refrigerated, and then tested
within 36 hours using the CMT. The samples were taken to the
Central Milk Testing Laboratory at Utah State University in Logan,
and somatic cell counts of the composite milk samples were made
using the Technicon Optical Somatic Cell Counter II (0SCC II).*

Production data in Time Period II were also taken from DHI

individual cow records over a 305 day period. Information such

*Reference to any particular piece of equipment, brand name, or
firm does not constitute an endorsement of the author or Utah
State University over others of a similar nature.



as daily milk yield, month of lactation, and lactation number

were recorded.

Time Period III

Teat end erosion and composite milk samples were taken on
February 14-15, 1975, from 925 Holstein cows. The procedures were
identical to those in Time Periods I and II. Somatic cell counts
were also taken from the above composite milk samples using the
0SCC II at the Central Milk Testing Laboratory at Utah State
University in Logan. Daily milk yield, month of lactation, and

lactation number were again taken from DHI individual cow records.

Changes in Milking
Equipment and Procedure

Changes in milking equipment and procedure occurred on
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December 27, 1974. Table 1 explains the old versus the new milking -

equipment.

At the same time the milking equipment was changed, there was
a change in manpower in the milking parlor. An additional man was
added, making a total of three men instead of only two. Teat
dipping was instigated for the first time with a commercial téat

dip, Bovadine Sanitizing Teat Dip. .

Data Analysis

The Burroughs 6700 Computer was used to analyze the data.
The data were first analyzed by analysis of variance using the
least squares method. Teat end shape was used as treatment in this

analysis. Because the data were collected over a period of time



TABLE 1

MILKING EQUIPMENT CHANGES

Milking Equipment

Time Periods I & II

Time Period III

Inflations

Claws

General System

Vacuum

Pulsation Ratio

Surge
Narrow Bore

DeLaval (DG)
DeLaval Model 200

Double 10 Herringbone
with individual weigh

© jars

]5"
70:30

1.B.A. (Square)
Long Tube Milk Liners

DeLaval (FLO-Vu)

Same

12"
70:30
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(June, 1974, to February, 1975), many cows were removed from the

milking herd due to culling and the dry period. On the other hand,
replacement anh fresh cows entered the milking string during this
time. Because of these differences in cows, data from each of the
time periods were analyzed separately so that the most data could be
fully utilized.

In order to facilitate multiple regression analysis with teat
end erosion, a new variable of erosion score was created. Instead
of using each quarter with a score of 0 to 3, the new variable was
a total of the erosion score for all four quarters, resulting in a

score of 0 to 12.

*Reference to any particular piece of equipment, brand name, or
firm does not constitute an endorsement of the author or Utah
State University over others of a similar nature.
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The data were then analyzed with a multiple regression
analysis using a stepwise deletion procedure. Six dependent
variables were included in the analysis: daily milk yield, clinical
mastitis, composite teat erosion score, composite CMT, somatic
cell count from the OSCC II and CMT from somatic cell counts.

The first two dependent variables were analyzed using the following

model:

Vikim = Uty st mpt Ly e
where:

Y = dependent variable

u = population mean

tj = jth time period

Sy = kth teat end shape

my = 1th month of lactation

L, = mth lactation number

ejk1m = random error term representing unexplained
variation between observations of the same cow
Milk production was added to the above prediction model for

analyzing the last four dependent variables. The model then became:

Vigkm = Ut Pyt ty s dm Ly e,
where:

Y = dependent variable

u = population mean

Pi = ith level of milk production

t, = jth time period



3
a—t
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—
n

kth teat end shape

]th month of lactation

mth lactation number

eijk]m = random error term representing unexplained variation

between observations of the same cow
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RESULTS AND DISCUSSION

Time Period I

Table 2 shows the distribution of teat shape, composite

CMT scores, and erosion for Time Period I.

TABLE 2
TEAT SHAPE, COMPOSITE CMT SCORE, AND TEAT EROSION FOR TIME PERIOD I

Number Percent
Teat Shape
Pointed 128 12.9
Round 362 36.3
Flat 63 6.3
Disk 386 38.7
Cone 58 5.8
Total 997 cows
Composite CMT Score
Negative 765 75.4
Trace 146 14.4
1 64 6.3
2 37 3.6
3 3 0.3
Total 1,015 cows
Teat Erosion
Zero 354 9.7
1 416 11.4
2 1,371 37.6
3 1,509 41.3

Total 3,650 quarters
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Approximately 50% of the cows had pointed or round shaped teat
ends, and approximately 50% had flat, disk, or cone shaped teat ends.
Percentage of teat end shapes for the 997 cows were: disk, 38.7%;
round, 36.3%; pointed, 12.9%; flat, 6.3%; and cone, 5.8%.

Analysis of composite milk samples for 1,015 cows indicated
CMT scores as follows: negative, 75.4%; trace, 14.4%; one, 6.3%;
two, 3.6%; and three, 0.3%.

Teat end erosion for 3,650 quarters showed 9.7% with no erosion,
11.4% with an erosion score of 1, 37.6% with an erosion score of 2,
and 41.3% with an erosion score of 3. There was no appreciable
difference between the four different quarters in their average
teat end erosion score.

The analysis of variance for Time Period I (Table 3) showed that
cows with pointed teat ends had a Tower daily milk yield and lower
total milk and fat yield for the lactation than did cows having
round, flat, disk, or cone shaped teat ends. Cows with pointed
teat ends may have been younger because they were in a later stage
of an earlier lactation than other cows in the milking herd. Cows
with round, flat, disk, and cone shaped teat ends were very similar
and not significantly different from each other as to daily milk
yield, extended lactation, milk and fat yield, lactation number,
and stage of lactation. Incidence of clinical mastitis did not
differ between teat shapes at this time. However, there were only
18 cases or about 1.4% of the herd with clinical mastitis.

The fact that cows with pointed teat ends had Tower daily

milk yield and lower milk fat yield for the lactation may not have




TABLE 3

ANALYSIS OF VARIANCE FOR TEAT END SHAPES, TIME PERIOD I

—

Variables
Daily Ext. Ext. 2
Milk Lact. Lact. Lact. Mo. of Clin. Comp. Teat End Erosion
Yield Milk Yid. Fat Yid. No. Lact. Mast. CMT LF LR RF RR All
*% * v *% *% % *
F Value 5.76 6.78 3.70 8.34 3.60 1.18 2.8 .11 .71 1.33 1.92
Treatment means]
P 34.17 11,218 401.60 1.70 6.14 .03 1.31 2.04 2.01 2.03 2.06
R 39.79 12,467 437.80 2.10 5.76 02 1.44 2.06 2.07 2.09 2.04
F 40.29 12,353 433.30 2.30 4.95 .00 1.70 2.03 2.11 2.28 2.17
D 41.21 12,673 438.60 2.10 5.44 09  1.41 2.21 2.19 2.24 2.26
C 42.49 12,561 440.60 2.20 5.19 .04 1.67 2.06 2.06 2.11 2.06
Overall trtmnt means 39.79 12,380 433.23 2.07 5.60 .05 1.44 2.13
Paired comparison of individual means]
PR *% *% ok *x N.S. N.S. N.S. N.S. N.S. N.S. N.S.
PF *k *% * %k *% N.§S. ** N.S. N.S. N.S. N.S.
PD *% *% ok ¥k ok N.S. N.S. N.S. N.S. N.S. N.S.
PC *k *% * *k * N.S. ** N.S. N.S. N.S. N.S.
RF N.S. N.S. N.S. N.S. * N.S. ** N.S. N.S. N.S. N.S.
RD N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
RC N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
FD N.S. N.S. N.S. N.S. N.S. N.S. ** N.S. N.S. N.S. N.S.
FC N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
DC N.S. N.S. N.S. N.S. N.S. N.S. ** N.S. N.S. N.S. N.S.
]Teat shape: P, pointed; R, round; F, flat; D, disk; C, cone
2Individua1 quarters: LF, left front; LR, left rear; RF, right front; RR, right rear

* (P<.05)

** (P<.01)

€€
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been because of teat shape but because these cows were in an
earlier lactation and also in a later stage of lactation than
other cows in the milking herd. There are three possible
explanations that may account for cows with pointed teat ends
averaging in an earlier lactation. First, if cows with pointed
teat ends are actually Tower producers, then the older cows with
pointed teats were culled more heavily than cows with other teat
shapes leaving a disproportionate share of cows with pointed teat
ends in younger age groups. Second, this herd was assembled from
many different sources and over a period of time. It is possible
that there were very few animals with pointed teats among the
earliest heifers selected, but a group that was purchased and
freshened later may have included a large number of animals with
pointed teats. Third, it may be possible that cows with pointed
teats were less efficient in reproduction, resulting either in longer
lactations or longer dry periods which put them behind other cows
in the herd with regard to parity.

CMT scores were significantly higher for cows with flat and
cone shaped teat ends than for those with pointed, round, or disk
shapes. Teat erosion on all four quarters was not significantly
influenced by teat end shape. Al1l teat ends, regardless of shape,
were eroded approximately the same with a combined average score of
2.13.

Cows with flat and cone shaped teat ends had higher CMT scores

than cows with other teat shapes. A possible explanation may be the
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anatomy of the different teat ends. Disk and cone teat ends had

the widest streak canals, pointed and round the narrowest, and flat

teat ends had intermediate streak canals according to Appleman (1973).

The diameter of the streak canal is related to teat patency or

rate of milk flow. Cows with wider streak canals are more susceptible

to intramammary infections (McEwen and Cooper, 1947; Dodd and

Neave, 1951; Appleman, 1973). The suggestion is that bacteria gain

entrance into the udder more readily if teats have wider streak

canals. Wider streak canals may also imply large or slack

sphincter muscles, making bacterial invasion into the udder easier.
A1l teat ends had a high amount of erosion and no conclusions

can be drawn as to the relationship between erosion and teat shapes

and erosion and CMT scores at this time. It appears that milking

equipment and procedure problems may have been causing a high

incidence of teat end erosion, which in turn masked the true

relationship between shape and erosion of the teat ends and between

erosion and CMT score.

Time Period I1I

After the initial data were collected from the herd, a
decision was made to change some of the milking equipment and
milking procedures. A second set of data were collected in
November, 1974, prior to these changes. Since teat shape does not
change, this data were not recorded. Table 4 shows the results of
teat erosion and composite CMT scores for Time Period II.

Erosion scores of 0, 1, 2, and 3 had risen to 0.8, 2.1, 22.0,

and 75.1%, respectively. There was no appreciable difference
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TABLE 4
TEAT EROSION AND COMPOSITE CMT SCORES FOR TIME PERIOD II

Number Percent
Teat Erosion
Zero 28 0.8
1 75 2.1
2 772 22.0
3 2,640 75.1
Total 3,515 quarters
Composite CMT Score
Negative 602 71.8
Trace 95 11.3
1 74 8.8
2 54 6.4
3 14 1.7
Total 839 cows

between different quarters and any particular teat end erosion
score. CMT scores from composite milk samples gave the fo]]owiﬁg
scores: negative, 71.8%; trace, 11.3%; one, 8.8%; two, 6.4%; and
three, 1.7%.

Teat end erosion was not significantly related to teat end
shape (Table 5) probably because all teat ends regardless of shape
or quarter were eroded approximately the same with a combined average
score of 2.68. This compares to a score of 2.13 in Time Period I.
Flat and cone shaped teat ends were again more susceptible to a

high composite CMT score as compared to pointed, round, and disk




TABLE 5
ANALYSIS OF VARIANCE FOR TEAT END SHAPES, TIME PERIOD II

Variables
CMT Based Daily
Comp. Somatic on Somatic Milk Mo. of Lact. Clin. Teat End Erosion
CMT Cell Cell Count Yield Lact. No. Mast. LF LR RF RR All
**
F Value 3.33 1.12 1.52 .98 2.3 4.10 .45 1 .26 1.03 .07
Treatment means]
P 1.57 11.20 1.21 28.72 7.17 1.91 .06 2.68 2.72 2.68 2.72
R 1.50 12.92 1.32 26.34 8.14 2.19 .09 2.65 2.73 2.711 2.1
F 1.92 19.70 1.66 27.71 7.62 2.37 .10 2.61 2.72 2.50 2.69
D 1.47 14.72 1.39 27.94 7.7 2.23 .08 2.65 2.68 2.66 2.70
C 1.97 14.14 1.33 29.41 7.39 2.39 .01 2.63 2.66 2.60 2.74
Overall trtmnt means 1.56 13.93 1.40 27.53 7.77 2.19 .08 2.68
Paired comparison of individual means]
PR N.S. N.S. N.S. N.S. N.S. *% N.S. N.S. N.S. N.S. N.S.
PF N.S N.S. N.S. N.S. N.S. *% N.S. N.S. N.S. N.S. N.S.
PD N.S N.S. N.S. N.S. N.S. *k N.S. N.S. N.S. N.S. N.S.
PC * N.S. N.S. N.S. N.S. *k N.S. N.S. N.S. N.S. N.S.
RF *k N.S. N.S. N.S. N.S. N.S. N.S. N.S., N.S. N.S. N.S.
RD N.S N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
RC * N.S. N.S. N.S. N.S. N.S. N.S. N,S. N.S. N.S. N.S.
FD * N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
FC N.S. N.S. N.S. N.S. N.S. N.S. N,S. N.S. N.S. N.S. N.S.
DC *k N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

]Teat shape: P, pointed; R, round; F, fiat; D, disk; C, cone
Individual quarters: LF, left front; LR, left rear; RF, right front; RR, right rear

2
* (P<.05)

** (P<.01)
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shaped teat ends. Teat end erosion scores of 2 or 3 and composite
CMT scores of trace, 1, 2, or 3 increased by 16.2 and 3.6%,
respectively. Cows with pointed shaped teat ends again averaged
Tower in lactation number as compared with cows with round, flat,
disk, and cone shaped teat ends.

Somatic cell counts determined by the OSCC II, CMT scores. from
the above somatic cell counts, daily milk yield, month of lactation,
and clinical mastitis were not significantly affected by teat end
shapes. Composite CMT scores and CMT scores based on somatic
cell counts from the OSCC II were comparable (Table 5).

Why there was an increase in teat end erosion and composite
CMT scores can only be hypothesized at this time. Clinical mastitis
in this period reached 7.0% as compared to 1.4% in Time Period I.
The mastitis problem continued to plague the dairy and a decision
was reached to alter the existing milking system, to have three

men milking in the parlor, and to instigate teat dipping.

Time Period III

Data collection during Time Period III (February, 1975) was
approximately two months after the milking equipment had been
modified. Table 6 shows the percentages for various levels of
teat erosion and CMT scores. Percentages of 4.1, 20.5, 49.2, and
26.2 were found to relate to teat end erosion scores of 0, 1, 2,
and 3, respectively. Composite CMT scores of negative, trace, 1,
2, and 3 gave percentages of 91.0, 7.2, 1.5, 0.3, and 0.0%,

respectively. As in Time Periods I and II, there was no significant

38
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TABLE 6
TEAT EROSION AND COMPOSITE CMT SCORES FOR TIME PERIOD III

Number Percent
Teat Erosion
Zero 153 4.1
1 756 20.5
2 1,821 49.2
3 969 26.2
Total 3,699 quarters
Composite CMT Score
Negative 842 91.0
Trace 67 7.2
1 14 1.5
2 3 0.3
3 0 0.0
Total 926 cows

percentage difference between different quarters in teat end
erosion score.
Table 7 shows the analysis of variance for Time Period III.
Teat end erosion was higher in all four quarters for pointed teat ends.
This difference was significant for cone and flat shaped. teat ends
which showed the Teast amount of erosion, but not significant for
disk shaped teat ends which showed an intermediate amount of
erosion. Cows with pointed teat ends were still a younger age

group.



TABLE 7
ANALYSIS OF VARIANCE FOR TEAT END SHAPES, TIME PERIOD III

Variables
CMT Based Daily 2
Comp. Somatic on Somatic Mo. of Lact. Clin. Milk Teat End Erosion
CMT  Cell Cell Count Lact. No. Mast. Yield LF LR RF RR All
* Jok *% dek *%
F Value 1.39 .20 .33 1.72 2.81 .81 1.83 4.70 5.66 8.41 6.16
Treatment means]
1.16 4.51 1.04 4.78 2.11 .04 34.38 2.16 2.23 2.17 2.21
R 1.07 4.86 1.08 5.44 2.43 .02 34.8 2.02 2.07 2.07 2.06
F 1.03 3.45 1.03 6.17 2.37 .02 30.07 1.83 1.79 1.66 1.76
D 1.15 4.87 1.08 5.69 2.38 .04 32.74 1.94 2.03 1.97 2.02
C 1.12 4.18 1.06 6.04 2,53 .04 30.69 1.50 1.50 1.32 1.50
Overall trtmnt means 1.11 4.70 1.07 5.53 2.37 .03 33.42 2.00
Paired comparison of individual means]
PR N.S. N.S. N.S. N.S. *% N.S. N.S. N.S. N.S. N.S. N.S.
PF N.S. N.S. N.S. N.S. N.S N.S. N.S. N.S. * ok *k
PD N.S. N.S. N.S. N.S. haded N.S. N.S. * N.S. N.S. N.S
PC N.S. N.S. N.S. N.S. *% N.S. N.S. *k ** *k *k
RF N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. * *
RD N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
RC N.S. N.S. N.S. N.S. N.S. N.S. N.S. *% *k *% ke
FD N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
FC N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
DC N.S. N.S. N.S. N.S. N.S. N.S. N.S. *k *% ok *%

1Teat shape: P, pointed; R,

2Individua] quarters:

* (P<.05)

round; F, flat; D, disk; C, cone

LF, left front; LR, left rear; RF, right front, RR, right rear
** (P¢.01)

1]




A1l other variables studied, including composite CMT score,
somatic cell count, CMT based on somatic cell count, month of
lactation, clinical mastitis, and daily milk yield showed no
significant differences among the five teat end shapes., As in
Time Period II, composite CMT scores and CMT scores based on
somatic cell counts from the 0SCC II were comparable.

Tables 8 and 9 show the percent distribution in each time

period according to CMT scores and teat end erosion.

TABLE 8

PERCENT DISTRIBUTION QF COMPOSITE CMT SCORES FOR
TIME PERIODS I, II, AND III

41

CMT Score
% Neg. % Trace %1 % 2 % 3
Time Period I 75.4 14.4 6.3 3.6 0.3
Time Period II 71.8 11.3 8.8 6.4 1.7
Time Period III 91.0 7.2 1.5 0.3 0.0

CMT scores of trace, 1, 2, and 3 were reduced by a factor of
2.5 to 3.0 times in Time Period III as compared to Time Periods I
and II. Severe teat end erosion (score of 3) was reduced in Time

Period III by percentages of 15.1 and 48.9 as compared to Time

Periods I and II, respectively. Changes in the milking parlor are

suspected as the reason why teat end erosion and CMT scores were

lower in Time Period III. The percentage of clinical mastitis in
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TABLE 9

PERCENT DISTRIBUTION OF TEAT END EROSION SCORES
FOR TIME PERIODS I, II, AND III

Erosion Score

% Zero % 1 % 2 % 3
Time Period I 9.7 11.2 37.6 41.3
Time Period II 0.8 2.1 22.0 75.1
Time Period III 4.1 20.5 49,2 26,2

the herd also dropped from 7.0% in Time Period II to 1.7% in Time
Period III. As has been mentioned, prior to the third data
collection period milking equipment was changed, a man was added
in the milking parlor, and teat dipping was instigated. Undoubtedly
all three of these factors either independently or synergistically
influenced the reduction of CMT scores and teat end erosion.

With the reduction of teat end erosion from Time Period II to
Time PeriodIII, a relationship between teat shape and teat erosion
was exposed. Pointed teat ends showed the greatest amount of erosion,
cone and flat ends showed the least amount of erosion, and round and
disk ends showed an intermediate amount of erosion. Johansson and

Rendel in their book, Genetics and Animal Breeding (1968), suggest

that pointed teats were more predisposed to teat erosion than other
teat types. They also found that funnel shaped (cone shaped) teats
were not subject to teat erosion. This study tends to verify their

earlier results.
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Combined Analysis for
ree 1ime Periods

Data from all three time periods were combined in order to

increase the sample size for the multiple regression and correlation
analyses. Correlations among all of the variables studied are shown
in Table 10.

Sample time was significantly correlated negatively with daily
milk yield, composite CMT score, and somatic cell counts by .15,
.14, and .29, respectively, and positively correlated with lactation
number by .10. This is a reflection of the younger age of cows with
pointed teats which were arbitrarily assigned a shape score of one.
As expected, month of lactation was negatively correlated to
lactation number and daily milk yield by .30 and .66, respectively.
There was a positive correlation of .09 and .16 between month of
lactation and composite CMT score and somatic cell count, respectively.
Lactation number had a low but positive correlation with daily milk
yield, mastitis score, and composite CMT score. Daily milk yield was
negatively correlated with composite CMT score and somatic cell
count. CMT score had a high correlation (.58) with the CMT score
derived from a somatic cell count. There was also a high correlation
(.62) between the CMT score and the somatic cell count as determined
by the 0SCC II. There was a high (.84 to .89) positive correlation
between quarters for teat end erosion. Composite teat erosion score
had an even higher positive correlation with individual teat end ero-
sion scores. It is also interesting to note than when erosion of
the herd was severe, all quarters were eroded approximately the same.

In terms of udder management, abnormal teat ends may be indicative




CORRELATIONS AMONG VARIABLES

TABLE 10
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Sample Time 1.0 .01 -.0 A3 .15 .01 ~0 ~02 -.06 -,04 -.14 -,29 -,22 -.05
Teat End Shape 1.0 .002 .10 .02 -.01 0.03 -,04 -~.03 -,00 -,04 .05 .05 ~.03
Month of Lact. 1.0 -.30 -.66 -.07 -.002 .02 -,003 .02 .09 .16 .13 .01
Lact. No. 1.0 .20 .09 .06 .06 .05 .05 .08 .02 .02 .06
Daily Milk Yield 1.0 .04 01 -.001 01 -.01 -.10 -.14 -.10 .001
Mastitis Score 1.0
Teat End Erosion:
Left Front 1.0 .85 .85 .85 .06 .94
Left Rear 1.0 .86 .89 .09 .95
Right Front 1.0 .84 .06 .94
Right Rear 1.0 .06 .94
CMT Score 1.0 .62 .58 .07
Somatic Cell Count 1.0 .97
CMT from Somatic Cell Count 1.0
Comp. Teat End Erosion 1.0
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of faulty milking equipment, poor milking technique, and lack of
proper teat dipping.- These factors, in turn, may cause mastitis.
This is in agreement with the findings of Philpot et al. (1974)
and Schmidt and Van Vleck (1974).

Table 11 shows the results of the multiple regression stepwise
deletion analyses. The first analysis shows that month of lactation
accounted for 43% of the variability in daily milk yield. Sample
time influenced variation in daily milk yield by 4% while the other
variables, lactation number and teat shape, had no influence. None
of the above variables contributed to the variability in mastitis
score.

The second analysis in Table 11 shows that only 1% of the
variability in composite teat end erosion scores was due to sample
time, teat shape, daily milk yield, month of lqctation,,and lactation
number. These same variables accounted for 6% of the variability in
composite CMT scores. However, only 2 to 7% of the cows during
any one time period had clinical mastitis. Thus it is not surprising
that none of the variables studied had much influence on clinical
mastitis.

Analysis 3 in Table 11 shows that sample time accounted for
8% of the variability in somatic cell count. Daily milk yield and
lactation number each accounted for 1% of the variability. Sample
time and lactation number accounted for 6% of the variability in
CMT scores from somatic cell counts.

Average daily milk yield decreased from the first sample time

in August to the second sample time in November, then started to



TABLE 11

MULTIPLE REGRESSION STEPWISE DELETION ANALYSES
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R2

Analysis 1 Daily Milk Yield Clinical Mastitis
Variables:
Lactation No. 0.0 .004
Teat Shape 0.0 .002
Sample Time 0.04 .000
Month of Lact. 0.43 .004
Total 0.47 .01
Composite Teat End
Analysis 2 Shape Composite CMT
Variables:
Sample Time 0.003 0,024
Teat Shape 0.003 0.010
Daily Milk Yield 0.0 0.020
Month of Lact. 0.0 0.0
Lact. No. 0.004 0.006
Total 0.01 0.06
CMT from Somatic
Analysis 3 Somatic Cell Count Cell Count
Variables:
Sample Time 0.08 0.05
Teat Shape 0.0 0.0
Daily Milk Yield 0.01 0.0
Month of Lact. 0.0 0.0
Lact. No. 0.01 0.01
Total 0.10 0.06
increase again by Time Period III in February. It is to be

expected that cows in later lactation produce less milk; however,

fresh cows coming into the herd should balance out this effect.

CMT



scores followed an opposite trend, increasing in November and

decreasing by February to a level below that for August. Somatic

cell counts were not taken in August but decreased drastically from

Time Period II to Time Period III. Factors such as changes in
milking equipment, additional manpower in the parlor, and the
instigation of teat dipping all could have caused the decrease
of leucocyte counts in herd milk.

As stage of lactation increased, daily milk yield decreased
as would be expected. Cows in later lactation may also be
expected to have higher CMT scores and somatic cell counts in
their milk. This is in accord with the findings of Braund and
Schultz (1963), who found that the number of positive quarters
resulting from CMT analysis increased in the later stages of
lactation.

Gunnison Valley Dairy began in 1971 with all first calf
heifers. Results of this study show that as the animals mature,
they show higher incidences of clinical mastitis and CMT scores.

Higher producing cows showed lower CMT scores and somatic
cell counts than lower producing cows. This may result from the
lower producing cows being in later stages of lactation. Cows
with subclinical mastitis also dropped in milk production. From
a study by Forster, Ashworth, and Luedecke (1967), CMT scores of
trace, 1, 2, and 3 were associated with average decreases in milk

production by 9.0, 19.5, 31.8, and 43.7%, respectively.
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Cows randomly entered either side of the milking parlor and
were not assigned to a particular milking stall. Erosion of teat
ends was uniform over all quarters, with no indication that milking
practices or milking equipment was causing any damage to one

quarter as compared to any other quarter.
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SUMMARY AND CONCLUSIONS

Summar:

The objectives of this study were to determine if correlations
exist between teat shape and mastitis and between teat erosion
and mastitis and if interrelationships exist between teat shape,
teat erosion, mastitis (as measured by the CMT and somatic cell
counts), and milk production.

Data were collected from the 1,000 cow milking operation at

Gunnison Valley Dairy, Gunnison, Utah, during three time periods
between June, 1974, and February, 1975. During Time Period I
teat shapes from 997 Holstein cows were classified and composite
milk samples from 1,015 Holstein cows were screened using the CMT.
Teat end erosion scores from 913 Holstein cows were determined, and
DHI production data were collected on all milking cows. One hundred
seventy five of the above 1,015 cows whose composite milk samples
had scores of trace or higher had each quarter tested for mastitis
using the CMT.

During Time Perjod II, teat end erosion, composite milk samples
for CMT analysis, and DHI production data were collected from 879
Holstein cows. The same type of information was collected on 925
Holstein cows during Time Period III. Changes in milking equipment
were made during December, 1974, which was between Time Periods
IT and III. Other changes at the same time included additional

manpower in the milking parlor and instigation of teat dipping.
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Teat shapes were categorized according to external teat end
morphology. The shapes were classified as pointed, round, flat,
disk, and cone. Teat end erosion was subjectively classified on a
scale of zero to three, zero indicating no erosion and three indicating
severe erosion. Teat erosion was defined as various epithelial
lesions on the distal end of the teat caused by milking machines.
In severe cases, epithelial lesions showed an eversion of the teat
orifice.

No relationship between teat shape and milk or fat production
was found. CMT scores during Time Periods I and II were significantly
higher for cows with flat and cone shaped teat ends compared to cows
with pointed, round, or disk shaped teat ends. However, in Time
Period III there was no relationship between teat shape and CMT
scores. CMT scores of trace, 1, 2, and 3 were reduced by a factor
of 2.5 to 3.0 times in Time Period III as compared to Time Periods I
and II. In Time Periods I and II there was no relationship found
between teat shape and teat end erosion. However, in Time Period III,
two months after the changes in milking equipment and milking
procedure occurred, a significant relationship was found. At this
time teat end erosion was highest for pointed teat ends, lowest for
cone and flat shaped teat ends and of an intermediate degree for
round and disk shaped teat ends. During all three time periods no
significant relationship was found between different quarters for
teat end erosion. Severe teat end erosion (score of 3) was reduced
in Time Period III by 15.1 and 48.9% as compared to Time Periods I

and II, respectively.
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Conclusions

There were no relationships between teat shape or teat end
erosion and milk or fat production. The relationship between
teat end erosion and mastitis appeared to be masked by the high level
of teat erosion. There was an indication that cows with flat and
cone shaped teat ends were prone to higher CMT scores than cows with
pointed, round, or disk shaped teat ends. Teat shape may also be
related to teat end erosion. When milking equipment and practices
were changed, teat end erosion was not so severe, and pointed teat
ends showed the highest amount of erosion, round and disk an inter-
mediate amount of erosion, and cone and flat the least amount of
erosion. There was a high correlation between the CMT scores and
scores from the somatic cell counts.

Teat end erosion, CMT scores of 1, 2, and 3, and mastitis
increased in the herd from August to November, 1974, and then
decreased by February, 1975. On the other hand, average daily milk
yield decreased from August to November, 1974, and then increased.
by February, 1975.

Teat end erosion is indicative of faulty milking equipment.
High CMT scores may be indicative of several factors, faulty milking
equipment being one of them. There are also reports that mastitis
may be caused by faulty milking equipment.

The probable cause of the fluctuation in milk production from
August, 1974, to February, 1975, was due to clinical and subclinical

mastitis which increased from August to November, 1974, and then



decreased sharply in Febfuary, 1975. Management changes that were
made in December, 1974, undoubtedly were factors that helped to

eleviate teat erosion, mastitis, and low milk production.
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