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Abstract: The effects of udder and teat measurements on milk yield in Brown Swiss Cows were studied. The differences among the
means for front and rear teat length, front and rear teat diameter, front and rear udder height, distance between front teats and
mammary type scores in different lactation numbers were statistically significant (P < 0.001). Front and rear teat length, and front
and rear udder height after milking were higher than before milking. Front and rear teat diameter, distance between front teats,
distance between rear teats and distance between front and rear teats after milking were lower than before milking. Furthermore,
305-day milk yield and milk yield per milking were significantly positively correlated with distance between front and rear teats and
mammary type scores before milking (P < 0.001).

The mean values before milking for front and rear teat length, front and rear teat diameter, front and rear teat udder height,
distance between front teats, distance between rear teats, distance between front and rear teats and mammary type scores at
general lactation were 59.45 and 49.72 mm, 22.14 and 21.53 mm, 47.96 and 47.59 c¢m, 12.29 cm, 7.76 cm, 9.58 cm and 23.65,
respectively. In conclusion, teat and udder measurements and mammary type scores significantly affected milk yield.
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isvicre Esmeri ineklerde Meme Olgiileri ve Siit Verimi Arasindaki iligkiler

Ozet: Calisma isvicre Esmeri ineklerde meme ve meme basgi 6lgiileri ve bu dlcilerin siit verimi ile iligkilerini belirlemek amaciyla
gerceklestirilmistir. Laktasyon sayilarina gére sagim &ncesi ve sonrasi, 6n ve arka meme bagi uzunlugu, 6n ve arka meme basi ¢capi,
6n ve arka meme yuksekligi, &n meme baslari arasi mesafe ortalamalari ile meme puantajina ait ortalamalar arasinda ylksek derecede
énemli farkliliklar belirlenmistir (P < 0,001). On ve arka meme bagi uzunlugu ile 6n ve arka meme yiiksekligi, sagim sonrasi sagim
Oncesi Olgilerine gore daha ylksek, 6n ve arka meme basi ¢api, 6n, arka ve 6n ve arka meme baglari arasi mesafe ise sagim sonrasi,
sagim oéncesine gore daha disik olcilmistlr. Sagim éncesi, 305 ginlik sit verimi ve her sagimdaki sit verimi ile 6n ve arka meme
baslari arasi mesafe ortalamalari ve meme puani arasinda énemli pozitif Korelasyonlar bulunmustur (P < 0,001).

Sagdim 6ncesi, 6n ve arka meme bagi uzunlugu, 6n ve arka meme basi ¢api, dn ve arka meme yiksekligi, ©n, arka ve on ve arka meme
baslari arasi mesafe ile meme puantajina ait laktasyon genel ortalamalari sirasiyla 59,45 ve 49,72 mm, 22,14 ve 21,53 mm, 47,96
ve 47,59 cm, 12,29 ¢m, 7,76 cm, 9,58 cm ve 23,65 olarak hesaplanmistir. Sonug olarak, meme ve meme basi dlgileri ve meme
puantajinin sut verimini énemli diizeyde etkiledigi belirlenmigtir.

Anahtar Sozciikler: Isvicre Esmeri, siit verimi, meme ve meme basi 6lgiileri

* This study was carried out in Bahri Dagdas International Agricultural Research Institute.
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Introduction

Mammary properties are directly involved in economic
production in dairy cows. Both morphologic and
physiological mammary properties affect milk yield.

The aim of most selection in milk cows is to increase
milk yield. Therefore the udder plays the most important
role in dairy cows. It is also important for the udder to
connect to the body strongly, and deeper and larger
udders with lobes in balance are demanded. Thin and soft
skin on the udder make the milk characteristics of a cow
better. Udder and teat measurements show variation
between breeds and individuals in the same herd
according to age and lactation stages.

Different levels of coefficient correlation between
udder-teat measurements and milk yield have been
reported. Phenotypic correlation coefficients were found
between 0.11 and 0.30 for 305-day milk yield with teat
length and diameter (1,2).

The 305-day milk yield was reported to be negatively
correlated with udder height (3-5). However, 305-day
milk yield was positively correlated with distance of front,
rear and front-rear teats (5-8). Mammary type scores
with 305-day milk yield were also positively correlated
(5-9).

This study was carried out to determine the udder and
teat measurements, mammary type scores and inter-
relationship between these measurements and milk yield
in Brown Swiss cows at the Bahri Dagdas International
Agricultural Research Institute.

Materials and Methods

Milk yield was determined monthly. Measurements of
the udder and teat were obtained in the morning just
before and after milking. Mammary type scores, udder
and teat measurements were obtained from each cow 5
times, in months 2, 4, 6, 8 and 10 of lactation. Months
of lactation were grouped as 1, 2, 3, 4 and 5.

Teat length, the distance between the teats and udder
height were measured with a measuring tape. Teat
diameter was measured with callipers before and after
morning milking.

Milk yield groups were divided into 3 groups
according to 305-day milk yield: milk yield <3000 kg was
group 1, milk yield between 3001 and 4000 kg was
group 2 and milk yield >4001 kg was group 3.
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The mammary system was evaluated out of 30 points,
consisting of mammary structure 10 points, front half 6
points, rear half 7 points, teat 5 points and mammary
vein 2 points (10). Data were obtained from 94 Brown
Swiss cows.

The data were analyzed by the following general
linear model:

Yiw = U+ a + by + ¢ + ey

Vi is the observation of measurement (front and rear
teat length, front and rear teat diameter, front and rear
udder height, distance between front, rear and front and
rear teats and mammary type scores to investigate a
cow),

Y is the overall mean,

g; is the effect of lactation number (i: 1, 2, 3, 4, 5,
6+);

b; is the effect of lactation stage (j: 1, 2, 3, 4 and 5);
C, is the effect of milk yield groups (k: 1, 2 and 3);
€ is the random error.

In addition, one-way ANOVA was used to determine
the statistical significance of lactation days, and actual and
305-day milk yield according to lactation number.
Comparisons between the groups were made by Duncan’s
test. The phenotypic correlations between milk yield per
milking and 305-day milk yield with different teat
measurements and mammary type scores were
determined by SPSS.

Results

Means and standard errors for actual milk yield and
305-day milk yield and lactation time are presented in
Table 1, according to lactation days. The means of actual
milk yield, 305-day milk yield and lactation days were
3062 kg, 2968 kg and 275.3 days, respectively. Effects
of lactation number on actual milk yield and 305-day milk
yield were statistically significant (P < 0.05).

Means with the standard errors for front and rear
teat length and diameter are given in Table 2. According
to the analyses, lactation number and milk yield group
had a significant effect on front and rear teat length
before and after milking (P < 0.001). Lactation stage
significantly affected rear teat length (P < 0.05-0.01).
Lactation numbers had a significant effect on front and
rear teat diameter before and after milking (P < 0.001).
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Table 1. Means and standard errors for actual milk yield and 305-day milk yield and lactation days according to lactation number.

Actual milk yield, kg

Lactation days, day 305-day milk yield, kg

Lactation number n X+ S; X+ Sy X+ Sy
Mean 94 3062 140.6 2753 9.5 2968 88.3
1 18 3554 + 306.9° 305.8 + 19.0 3208 + 215.52
2 21 3005 =+ 334.9% 279.1 + 22.1 2821 + 170.4%®
3 15 2810 + 269.7%° 243.6 + 20.7 3195 + 203.12
4 13 3283 + 245.4%° 286.2 + 22.9 3178 + 165.3°
5 10 3484 + 596.0° 291.2 + 35.9 3162 + 349.72
6+ 17 2415 + 304.5° 2485 + 23.0 2421 = 187.1°
Probability * NS *

a, b: Means with different superscripts within column indicate significantly different value (P < 0.05).

NS: Non significant (P > 0.05), *: P < 0.05

Table 2. Means with the standard errors of front and rear teat length and diameter.

Front teat length, mm

Rear teat length, mm

Front teat diameter, mm Rear teat diameter, mm

n Before milking After milking Before milking After milking Before milking After milking Before milking After milking
Mean 94 59.45 + 0.64 6533+ 062  49.72 + 0.55 55.95 + 0.58 22.14+0.18 20.47 +0.18 2153 +0.21 20.01 £0.13
Lactation number
1 18 57.18 + 1.260C 60.64 +1.22C  47.85+1.09¢ 5291 +1.13c  2059+0369 1920+035°¢ 2054+042d  19.10 + 0.26c
2 21 53.06 + 1.26¢ 5835+ 122 4442+ 109 5027+1.13°  2027+0350  1898+035¢  2032+0419 1894+ 0.26
3 15 58.70 + 1.4620 65.16 +1.400 4932+1.268 56.13+1.30°  2156+041C  19.81 £0.40°¢ 2078+048d  19.44 + 0.30°¢
4 13 67.54 + 1.552 7171 £ 1502 54.63+1.342 59971392 2461 +0442  2165+0432 2384:0512 2121 +0322
5 10 59.03 + 1.6720 66.62+ 1620 4976 +1.4480 5780+ 1500 2276+ 047°¢ 2074 +046°  21.73+055°¢  20.01 +0.35°
6+ 17 61.20 + 1.5020 60.49 + 1.402 5232+1.29%0 5863+1.300  2302+0420 2243+0407 21.96+0490 2138+ 0.302
Lactation stage NS NS ok * NS NS NS NS
1 94 5735+ 1.16 6357 +1.12  46.16 +1.00°  53.00 + 1.04° 22.66 + 0.33 20.91 £0.32 21.88+0.38 20.18 £0.24
2 91 57.97 £ 1.17 6398 +1.14 4895+1.013 5524+1.06%0  21.99+033 20.35 +0.32 21.42 £0.39 19.64 + 0.24
3 80 59.74 + 1.23 64.15+1.19 5028+1.06% 5569+1.11%  2220:035 20.08 + 0.34 21.62 + 0.41 19.90 + 0.26
4 69 60.32 + 1.31 66.71 £1.27 50.67+1.138 56.79+1.1820  21.85+037 2031 £0.36 21.40 £ 0.43 19.83 + 0.27
5 42 61.88 + 1.66 68.23+1.61 5253+1.432  59.04 + 1.492 21.99 + 0.47 20.71 £ 0.46 2132+ 055 2052 +0.34
Milk yield groups NS o - .
1 54 63.90 + 0.872 6852 +083% 5447+0758  60.22 +0.772 2228 +0.24 2092+0242  2197+0297 20.15%0.182
2 28 55.14 = 1.05¢ 6227+ 099 4656 +0.91°  53.47 + 0920 2154 +0.30 19.75+ 0280 2064 +035°  19.49 +0.21P
3 12 59.32 + 1.420 6519+ 1380 4812+1.23° 5417+ 1.28° 22.60 + 0.40 2074 +039%  21.98+047%  20.40 + 0.302

a-d: Means with different superscripts within column indicate significantly different value (P < 0.05).

NS: Non significant (P > 0.05), *: P < 0.05, **: P < 0.01, ***: P < 0.001

Means for front and rear udder height are presented
in Table 3. Effects of lactation number on front and rear
udder height were significant before and after milking (P
< 0.001).

As presented in Table 4 the effects of lactation
number on distances between front and rear teats were

significant before and after milking (P < 0.01-0.001).
According to milk yield group, distances between front

teats and between rear teats before milking were
significant (P < 0.01). However, lactation stage had a
significant effect only on distances between rear teats
before and after milking (P < 0.05). Effects of lactation
number and milk yield group on distances between front
and rear teats were significant (P < 0.01-0.001) before
and after milking (Table 4). However, lactation stage did
not have a significant effect on distances between front
and rear teats before and after milking (P > 0.05).
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Table 3. Means with the standard errors of front and rear udder height.

Front udder height, cm

Rear udder height, cm

n Before milking After milking Before milking After milking
Mean 94 47.96 + 0.23 48.90 + 0.30 47.59 = 0.31 48.47 + 0.32
Lactation number ok ok Hokk Hokk
1 18 53.25 + 0.442 54.25 + 0.59% 53.72 + 0.622 54.60 + 0.632
2 21 52.61 + 0.442 53.79 + 0.592 51.38 + 0.62P 53.61 + 0.642
3 15 49.16 + 0.51° 50.74 + 0.68° 49.11 + 0.71¢ 49.87 + 0.73°
4 13 44.09 + 0.55°¢ 45.39 + 0.73¢ 44.00 + 0.764 44.86 + 0.78°
5 10 43.70 + 0.59¢ 4455 + 0.79° 42.82 + 0.824 43.85 + 0.84°¢
6+ 17 44.95 + 0.53¢ 44.70 + 0.68° 4453 + 0.734 44.01 + 0.73¢
Lactation stage NS * NS NS
1 94 47.96 = 0.41 49.56 + 0.54° 47.10 £ 0.57 49.01 +£ 0.58
2 91 48.58 = 0.41 49.25 + 0.55% 48.41 + 0.57 48.97 + 0.59
3 80 48.38 + 0.43 49.54 + 0.58° 47.60 + 0.60 49.18 + 0.62
4 69 47.22 + 0.46 47.36 + 0.62° 4717 £+ 0.64 47.79 + 0.66
5 42 47.67 + 0.58 48.81 + 0.78% 47.73 + 0.81 47.38 +0.84
Milk yield groups * * NS NS
1 54 48.72 + 0.31° 49.46 + 0.40° 47.80 + 0.42 48.92 + 0.43
2 28 47.89 + 0.37% 49.31 + 0.48° 47.75 + 0.51 48.43 + 0.52
3 12 47.27 + 0.50° 47.94 £ 0.67° 47.23 +0.70 48.083 + 0.72
a-d: Means with different superscripts within column indicate significantly different value (P < 0.05).
NS: Non significant (P > 0.05), *: P < 0.05, **: P < 0.01, ***: P < 0.001
Table 4. Means with the standard errors of distances between teats with mammary type scores.
Distances between front teats, cm Distances between rear teats, cm Distance between front and rear teats, cm
Mammary
n Before milking After milking Before milking After milking Before milking After milking type scores
Mean 94 1229+ 0.18  9.18+0.16 7.76 + 0.13 5.27 +0.11 9.58 + 0.21 7.37 £0.16 23.65 + 0.11
LaCtathn number ook Seokok £ seokok Hk Hk sk
1 18 1055 + 0.36°  7.21 +0.32° 6.87 + 0.25° 4.13+£0.21° 8.35 + 0.42° 6.22 + 0.32° 22.63 = 0.23°
2 21 1255+ 0.36%  9.44 + 0.32° 759+025%°  491+021°  9.35%042% 7.69 + 0.322 22.48 + 0.23°
3 15 1234 +042% 893+037°  759+029°  521+024°  9.84+0.49% 7.64 + 0.37 23.28 + 0.26°
4 13 1213+ 0458  9.05 + 0.39° 7.91 +0.31° 5.15+0.26°  9.72 +0.5220 7.58 + 0.39° 24.75 + 0.282
5 10 13.11 £ 0.48%  10.56 + 0.422 8.04 x 0.34° 597 +0.28%°  922:+056%  714:042®  24.43+0.30°?
6+ 17 13.04 +0.43%  9.91 = 0.37% 8.54 + 0.30° 6.20+0.242  10.98 + 0.50° 7.97 + 0.36° 24.32 + 0.27
Lactation stage NS NS * * NS NS ok
1 94 12.97+ 033  9.66 +0.29 8.45 + 0.23° 5.67 + 0.19? 9.94 + 0.39 7.57 +0.29 24.42 +0.212
2 91 12392034 9381023 7.95+024%°  554+020®°  10.08+0.39 7.61 +0.30 23.67 +0.21P
3 80 12.15+0.35  8.86 + 0.31 7.51 + 0.25° 4.94 x0.21° 9.46 + 0.41 7.08 + 0.31 23.57 = 0.22°
4 69 1225+ 038  9.42 +0.33 7.56 +0.26°  5.18 + 0.22% 9.34 + 0.44 7.41 +0.33 23.47 = 0.24°
5 42 11.67+0.48 859+ 0.42 7.30 + 0.33° 5.04 + 0.28° 9.07 + 0.55 7.20 + 0.42 23.12 + 0.30°
Milk yield groups o NS ok NS okk okox ok
1 54 1147 £025° 897+0.22 7.19+0.18° 5.08 + 0.14 8.20 + 0.29° 6.60 + 0.22° 22.29 + 0.16°
2 28 12.43+0.412 954+ 0.26 7.59 + 0.21° 5.21 +0.17 9.78 + 0.35%° 7.11 + 0.26° 23.87 = 0.19°
3 12 12.95+0.30°  9.04 +0.36 8.49 + 0.29° 5.54 + 0.24 10.75 = 0.472 8.40 + 0.36° 24.79 + 0.252

a-c: Means with different superscripts within column indicate significantly different value (P < 0.05).
NS: Non significant (P > 0.05), *: P < 0.05, **: P < 0.01, ***: P < 0.001
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Effects of lactation number, lactation stage and milk
yield group on mammary type scores were significant (P
< 0.01-0.001). Mean mammary type score was 23.65
(Table 4).

Phenotypic correlations between 305-day milk yield
and milk yield per milking with different teat
measurements and mammary type scores are presented
in Table 5.

Discussion

Front and rear teat length tends to be increased
before and after milking with advancing lactation stage.
Greater front and rear teat lengths were found in the
first milk yield group than in the second and third. Similar
findings were reported by Schaeffer et al. (11) and
Rogers and Spencer (12). Our findings were greater than
those reported by several researcher (3,13-15), but the
findings were lower for teat length than those reported
previously (8,16). As found in this study, Singh and Gupta
(17) stated that in Karan Swiss cows front teat length
was greater than rear teat length. In addition, the
findings were similar to those in reports of increased
front and rear teat length with advancing age and
lactation number by Ozbeyaz et al. (5) and Rasmussen et
al. (14). The results found in this study are also
supported by those of other studies on lactation stage
(5,18).
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Front and rear teat diameters before milking were
higher than those after milking. Teat diameter tended to
be increased before and after milking with advancing
lactation number. Similar results have been reported by
several researchers (3,19). The results in this study were
higher than those reported by Oztirk and Alpan (13) but
lower than those reported by Ozbeyaz et al. (5),
Sekerden et al. (8) and Rogers and Spencer (12).

Front and rear udder heights tend to be decreased
with advancing lactation number and front and rear
udder height before milking was lower than that after.
According to milk yield groups, front and rear udder
height was lowest in the 3" milk yield group. The present
results are supported by the observations made by
Bayraktar (4) and Ozbeyaz et al. (5), namely that udder
height decreased with increasing age and lactation
number. Our findings for front udder height were also
similar to those reported by several researchers (12,16).
On the other hand, front udder height was lower than
that reported by Lin et al. (3). Rear udder height was
similar to that reported by Rogers and Spencer (12), and
higher than that reported by Ozbeyaz et al. (5), Sekerden
and Erdem (7) and Sekerden et al. (8).

Distances between front teats and between rear teats
tended to be increased before and after milking with
advancing lactation number. The distances were wider
before milking than after milking. On the other hand, the
distances decreased before milking with advancing

Table 5. Phenotypic correlations between 305-day milk yield and milk yield per milking with different teat measurements and mammary type
scores.
Before milking After milking
Properties Milk yield 305-day Milk yield 305-day
per milking milk yield per milking milk yield
Front teat length (mm) -0.112* -0.129* -0.112* -0.094
Rear teat length (mm ) -0.186** -0.211** -0.206** -0.113*
Front teat diameter (mm) 0.139* 0.004 -0.057 -0.050
Rear teat diameter (mm) 0.072 -0.054 -0.068 -0.015
Front udder height (cm) -0.161** -0.170** -0.058 -0.018
Rear udder height (cm) -0.125* -0.058 -0.059 -0.026
Distance between front teats (cm) 0.268*** 0.115* 0.090 0.127*
Distance between rear teats (cm) 0.232%** 0.100 0.088 0.046
Distance between front and rear teats (cm) 0.192%** 0.216%** 0.161** 0.049
Mammary type scores 0.516%** 0.472%**

*: P <0.05, **: P < 0.01, ***: P < 0.001
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lactation stage. The highest distances according to milk
yield groups were in the 3™ milk yield group, and the
lowest were in the 1% milk yield group before milking.
These results were similar to those found by several
researchers (16,19) for Brown Swiss cows. The findings
were higher than those reported by Oztirk and Alpan
(13). In contrast, these results were lower than those
reported by Ozbeyaz et al. (5).

Distances between front and rear teats tended to be
increased with advancing lactation number. Before
milking distances were higher than those after. According
to milk yield group, the distances before and after milking
were higher in the 3™ milk yield group. These results
were similar to those reported by Alacam et al. (19), and
lower than those reported by Ozbeyaz et al. (5).

Mammary type scores tended to be increased with
advancing lactation number. Mammary type scores
decreased with advancing lactation stage. Mammary type
scores in the 1%, 2™ and 3" milk yield groups were 22.29,
23.87 and 24.79, respectively. These findings were
similar to those reported by Ozbeyaz et al. (5) and Seker
et al. (15), and higher than those reported by Oztiirk and
Alpan (13).

There were negative correlations between milk yield
per milking and 305-day milk yield with front and rear
teats length both before and after milking. Mammary
type scores correlated significantly with milk yield per
milking and 305-day milk yield (P < 0.001). These
findings were similar to those reported by several
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