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WIS FUB% IAIS] R EE ()

LM E

A4, a4, 353 a8z 844 %
& AAZR FrhH /5 53 frFee] 4
Bl HE ¢ 9k fF2A g3 38 A

sol maN AZY 29 APl AL, FF
B F9 AR A5 FoEch AFH hin
o $49 Apole] gBAge] WA ke
Josled ot FF9 A% wF wet F
g wed. 287 AR 7 W B
e NI 459 478 U AunE 3
& fERge 2 Rolox BFHL AHAH
aejo] S E @w A7} ek

2 758 T 2

+589 Fhe FF, 9X(Front, Rear), ¥l
f71 9 v fdeel we 2o

1) §520|

f54old W /A A5 F 14 R
e ugt 2o A" f5Z201Y ¥Hee 3~
ldcm Apololth, WA o g ¢FF7F AFFRY
22.5%7} © 2ty f5Zele AR7IAA A
71742 Z 718tk Andreae, 1963, 1967). 24

% §rlAME F7IA ¥t Andreae,
1963).
2) 724

FEAogE wHor {FFHAEL 2.6~4

OcmZ BlL% W7t FH(Ziegler & Mosimann,

* {o)|EEET REdE R

1960 ; Peterson, 1964 and Paiss, 1973). &% #
5 Al Aol = 1 t}H(Johannson,
1957 ; Andreae, 1963). F5AAL& ®lf{7]
we} Zisth, &, JPE Bol Widke AVle
Ay Af71NA A4f7) 74 ol Andreae,
1963).

¥ 20 9ok uiol ok /¥
< ¢ 10mol2 1 A= 3~
18molth 53 Zolx RIS v/l
o wet Z7}3cH(McDonald, - 1968; Appleman,
1970 and Kemperkrimer, 1983). & #%& ¢
A Fe5aARY 27t o McDonald, 1968
and Kemper-Kramer, 1983).

4) F7 2A

ZAME F5# AR ¥ 39 U #5#
AL 370 YA AN ZA =AU} (distal, middle,
proximal). 18]35 A 0.49, 0.64, 0.97mm
ojtt. 1A FFHL FYo) M F FAR
ok7t Y% Folth(McDonald, 1968, 1973 and
Appleman, 1970). +5#<] U3 (circumference)
o 3 HT dATe 39ACA ESHHd.
HFXE 22 11.5, 9.2 282 10. Smmo) th(Ke-
mperkramer, 1983). 1A {FF&F EFE =Y
Al A (sandglass)9t 2ok HFF7F P &
F58 438 fX3Y. /5 AFL /710

>

golz #4717 AAHWA ZoiAm #3
.
5) REH 27|, Zol, MNPl AT

459 f%@ 279 BAE E 4o Uk
#5520, A7 1YL §58 Lolge) BAE
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Table 1. Teat Lengths Quoted by Various Authors

Teat Length(cm) Author Year
Min, Max Average(x,)
Front teats Rear teats
6.4 5.1 Johannson 1957
10 Ziegler & Mosimann 1960
13 Meyer-Golling 1960
8 Peterson 1964
6.2 5.1(1st lactation ) Andreae 1967
7.4 6.1(2nd lactation)
8 Paizs 1973
2.5 14 Nickel et al. 1976
5.7 4.7 Mein et al. 1983
4.7 10.6 6.7 5.2 Total
Table 2. Measured Teat Canal Lengths
Teat Canal Length(mm) Author Year
Min. Max. Average(x,)
6 10 Davis : 1935
5 13 8.6 Johnson 1938
8 14 Venzke 1940
7 115 8.6 Murphy & Stuart 1955
4 15 9.4 Dalichau 1959
7.6 16.2 10.4 Prasad & Newbould 1968
10.7 McDonald 1968
10. 9(1st lactation)
12. 4(2nd lactation)
12. 7(3rd lactation) Applemann 1970
13. 4(4th and lactation)
9. 4(1st lactation)
10. 0(2nd lactation) Kemper-Kriamer 1983
10. 8(3rd lactation)
3 18 9.9
58 139 105 Total

E2 A@ol Utk (Hebel, 1978). #5& Hole 2 4 i (Appleman, 1970). &3 FF
F5E Hel 1x9 fFoAol AUtHKemp- =3 54 H3YE {59 1o #3719
erKramer, 1983). #5#& Zolgt AR L §719 71(evert)7} ©l% 4dt}(Johannson, 1957 and

2

B

AW 7150 F7 Bl Paizs, 1973). ey 2W7] 5% F59L
6) FEo RTEl 29 dPe A 2e WHP RPL 5T A5RL
FEEFE 4589 470 9¥E Foh W 2E #ER0 24429 240 $oHLoda

FAY FTRFe QAU 2U713% dd2 k¢ al, 1976). WD A KFE KFY P2
BHF RFEY f58o] Frh(Nebel, 1978). Bgol Eu AT AFol YrHWit, 1951 and
ol HAY, HAE EE coned HFFEEL 7} Katona & Messaros, 1971). A|A0d §5& 2
AR de L KA wE £x2 F{HE € A% 29718 £58 ZE 280 T4 8]
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Table 3. Measured Diameters of the Teat Canal

Diameter of the teat canal(mm) Specification Author Year
location
distal middle proximal no information
0.72 Johnson 1938
2.0~3.4 Johannson 1957
1.0(0.5~2.4) Delichau 1959
0.35 0.39 0.62 Front teat } McDonald 1968
0.45 0.52 0.82 Rear teats
0.32 0.48 0.83 1st month of lactation McDonald 1973
0.59 0.70 1.63 9th month of lactation
0.55 0.67 0.80 1st lactation
0.53 0.77 0.94 2nd lactation Appleman 1970
0. 60 0.80 1.06 3rd lactation
0.59 0.82 1.07 4th and >lactations
0.49 0.64 0.97 0.5-3.4 Total
Table 4. Correlations between Different Dimensions of the Teat Canal and the Teat
Critenia ”  Author Year
Length of the teat -Length of the teat canal 0.494  Hebel 1978
Diameter of the teat -Length of the teat canal 0.451
Teat wall thickness -Length of the teat canal 0.270  n=6106 teats
Length of the teat -Diameter of the teat 0.571
Length of the teat canal -Diameter of the teat canal 0.285
Length of the teat canal ~Length of the teat 0.26
Width of the teat canal proximal -Length of the teat 0.20
Width of the teat canal medial -Length of the teat 0.19
Width of the teat canal distal -Length of the teat 0.10  Kemper-Kramer 1983
Width of the teat canal proximal -Length of the teat canal 0.37
Width of the teat canal medial -Length of the teat canal 0.45  n=1163 teats
Width of the teat canal distal -Length of the teat canal 0.47
Width of the teat canal proximal -Width of the teat canal medial 0.66
Width of the teat canal proximal -Width of the teat canal distal 0. 66
Width of the teat canal medial -Width of the teat canal distal 0. 60

xP<0.001 for all values

% }H(Rathore, 1977).

7) 2 <
72718 /F58 279 olE Alold A4

A= 49 AAlol, FF Alold B WsE
7AW vl @A " {7 el “3}3}"15 H
gk, 287 ol liners 59 & W3l
N2 g FE3 Zojol gt #F oh—} 5
= E°ot'— friFH4a 2 94%S 2=tk

3. 75 liner ASAR

AFZFE, U95EE, BEH), linerd (74, 24

4 =9 479 5A4)F i 1
AR 7E HFel Fv Y @EA FR71A o
@3 293 HHo] HU linerd e YL o
% chember$}t liner{- Alole] gEatel] o=

"o HAm #do] e o] ¥4F Aol ¥F
A linerd 29t Ao AAL F£EA =58

Aol 50 AEsmE oFoiXe ol

5 cupe AFAl R HEA Qe F

707



o 7bAl ¥cHThiel & Mein, 1977). A12te] 914
2HEE A 0.5% F<tol liner ¢t 7 Eoj7}n
3H~50%7F 513 H Mein et al., 1973). Z-FAl
g Foluys A A¥gd. H1 3E§&5% V)
olE F57) linerdtel QA kg Ut
59 EFo] SALA7)(tE A" ) linerol
o3t wAbx) feh. F, JFFEo] FFE
A F5F7IRE ZAET] Wi FHi-Etd vt
A E xE 9FE 2=t H500 Pol 7EiA
T AL A A 74F 7E ot (Mein,
1978).

32 58A Ee BFAFA 452 fAE
Aol dAL REH = A3 dHdgdEg
(Thompson, 1971 and Mein, 1978). o] ¥
€ v W37 oA FFxH e o
= W Fchember7t A o] th(Witzel & McDo-
nald, 1964 and Walser, 1960). #5ZW A3 &
liner$} FFohdg ZAAI)L FF = liner 2
t] Zo] o]FEHThiel & Mein, 1977).

linerl, #%9 ¥ & 283 #5249 &9
Ae)7t ZAfet #Fo zlolate WAl tig A
2 % 59 g9k gith. Folue R HA ¢+E
el Atojel A#uAAE FA{rld g §5=
9] 3184 yHg-Erh

1) glofl CHEt RFUEZS2 liner cupdll 2EE!

A4S FHAl 5 st liner2 A€},
ol e /59 Z7HA] ¥ 2 BEoNA
AP (Williams & Mein, 1982). ©] <ol
#EE 4L g AHeldt.

(1) Yu&= 58713

7} Z 94 (Milking  phase)

linerl@ 82 olgfF oz sl ol AF4F
& Qe Y% gonz $4¥UY. 1w
linerE o2 A2 7 H5Fo FLHD.
ZFQ g "R wi Ay (B b Fr-germinal
epithelium) olaiel] e HFZol st A9
AP oz Ague AHe go] AP AF
T 50kpar] 23mm 27 9] linerg A48l
Al gtee] HREE HIA <Udsn fFHol
ojdrt, 59 W & #f5 W T e
Fgoz ¢utdr}y. agla YFY Ado]
2. AFE 537 FHE&5A g
9= AHED. ol #59¢ 249 35%9
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ook e ol ofy

ol AFEr) ©o] AUYLE FFUAFo] °
10kpa%i &3 2t

FE52HL B3 ofgFor vie ol U
AAZolel Z7pHstz 8 TFAHRL FFol
Yo FtH(10 Newton ). ol & VFHFEH
553 39 H(isometric point)2ti EZoh
o)A U¥ linerdl 5~10kpa®] FFA Aot
ZF2 55 3 ol FF0] doya ¢
fF ZE°] FAHE= 9o . F5F EF
49l ZFL 15~20 Newtond] FHoz $&
? AYFo distd 2388 4 JHWilliam et
al., 1981).

FFFEY F8F Vlse F 4gd Wy
Yag T3t A (BN interstetial )2 0]
& o) Aotk S0kpad 5T AFo) FAHK
FE FEHAIL JAE {59 FHADH.
50kpa’t S25W 10~30sFol HFTol FH
"ot o] 28L& o 0%E 599 FAo €
A9 Zasn $43F $=7F FobRtH(Tho-
mpson, 1978;Williams & Mein, 1980 and Mein
& Williams. 1984). $% 32 &£&=&
o2 FF& AA YgEHY WAL {50
A wzol AA=E™ <¢F 8m/soith KFHIY
keratin lining®] 718}8-& wlo] dojupz} go}
5 % 3EETY 94F8e £ 5 doh

5 BEOl AFA Fdot gt F, °]A
& A Fol ¢/ ZEEET ASHI] W E
o Keratin ©]%9 $3& xHFHWilliams &
Mein, 1980).

ZaAelA  FEFRU FF FP3~
10kpa)ol Utk A& WrigF oz FA{Al ¥
3] 7Z429d. 283 linerd 7 Bl o7t
9] AFo] A Thiel & Mein, 1977).

1. 9tA}X] @A (Massage phase)

liner& %<& #5 oFl U linerd S 7I2ZA =2
= ¢EA] oEH) linerdol, 774, I5FF
= B 49 2 R linerEE S e
2% g Mein & Williams, 1984).

liner&A §5Z9 2 Adrrgoz
HE 712 %(Wedgeshape) 22 ZAY A
W $tH(Thalhein & Uhmann, 1977). &g& F
Zol| 934 o]FZh. £ZH linere W /F5F
ZoAMgt Z4dtt. §5F bareld] MHE2E Y

o]

—_—

o rl
e
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Table 5. Pressures in the Liner, on the Distal End of the Teat and in the Teat Sinus at Different Stages of Milking

and Pulsation

Location Peak flow No flow
Milking phase Massage phase Milking phase Massage phase
Liner(beneath the teat end) ~ Vacuum Vacuum Vacuum Vacuum
Liner mouthpiece Vacuum Vacuum Vacuum Vacuum

Teat end tissue

Teat sinus

Above atm. pressure Above atm. pressure Below atm. pressure Above atm.\pressure -

or less

Above atm. pressure Above atm. pressure Below atm. pressure Atm. Pressure or less

< AAY F71F0] ol ¢¥o] fFd
F3he= 50kpa®] ¢ AL linerd S 7l2dy &
L2 linerd e oF 7~12%kpadl HuA) £
ok oF 10kpad] HAYE H3kz gcokdy
(Thalheim & Uhmann, 1977;and Thampson,
1978 and Mein & Williams, 1984).

ek 10kpa] ¥ 3= 5ol FFeR)
adx fFEEe bt FxFoz Y F
2oz qteo] AAHY. ANFEL 43 HH
g HAdz $9FYe & olged g I
2191 10kpast #o] WalEhH(Dukes, 1955).
ZAA ] 71HA olFo] AlZET. liner® ¢
g A REL F 550 AYHE F¢
A2l ol o3l keratin ol o|EFHo] A&
Hrh(Williams & Mein, 1980). F5ZFU 2kzte)
Fol A FALA 7] Ftoll linerd 7+ ol o)
7194 B $e 4ol M Mein e al., 1973b
and Thiel & Mein, 1977).

(2) 28°] YAY gle 71z

g |

i1 ZEET 7L K52 4ol v
Yol =2A]  EYtHThompson, 1977;Mein,
1978). °lZe] 3hite] ejo|ct. AL FAH
71 AFEsle] g BZoM fEZRE A3 H
A F ok oA WY oz FFRU
5 d¥ol Holxlmg AFdY. AF3FEe
AA Y HERFo] 50~70%°}cHThiel & Mein,
1977). §5F2W 4HASIE linerst §5 Alol
9] mpFE ZAANL linere #59 4 oldlz
SR =

o] GAA {7t BEUA linerd T 4
=2 5794 tFHel FAHAT W npze
Fa 0] FHThiel & Mein, 1977). ©] A3}
2 g9 AN LAYL HasEy T

B or

N

Fo] f5bameld 7 W Eold Uof

. mkAbR] A (Massage phase)

PR 7] ot fRzst 7o A OE, &
Fo e AT 1Y linerd FHE I A
FFE Atolg Bo|A e Y3 el A
A9 £2Hg AAT $E Aok

g ¢

d aga FAEEY 22 /59 999 9F
& FAArd AF)ed LR cHReitsma ef al.,
1981 and Mein & Williams, 1984). 40~50kpa
AFFFoz a4 #5L 2 3o Fa
3t liner 0.15s8] HA 32 93t {5l o
10kpad] =] HeEF §&ojo} dith o]

liner®] %3 Bl +£34 FxEL A=

A2
mi
o
oft
2
T
KeS
-
fo
rok
ko)
gl
re
N
rr
0

¥ 69 Art

359 STkt RAR Tk AFEEA
of 7hsAE 7MY FFE HAY W
AL dzdne RApz Qs A Fret
(Walser & Weiss, 1963; Peterson, 1964; Tolle &
Hamann, 1975, Olney & Mitchell, 1983 and
Mein et al., 1983). 19 43] el 587 73
7 "YW 2 f<le] & HAFETh
%, 55 ASAARIYE 5499 28, &
F#9 2893 1 Ppapilla®] FAF T8 keratin
9] &=4of AL A TH(Peterson, 1964).
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13| 2REF T2
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%

A5 o] oEstel ALgA REZUE B
FAT 27, ¥Ee A Yee nozT
BEe H9F ofe AR FAEY Fgol



16—
kpa ED=32kpa

T
15+ ED=26kpa - 7‘
14.] ED=20kpa --—--- ¢

o 74

a=] .~
5 “/,4'/
$ 74l

g1 A7,

g 10—l

° 7

: /

a 9

g //

Aog

38 44,5 51
vacuum({kpa)

Fig. 1. Effect of vacuum level and force neces-
sary to collapse the liner(ED) on the pressure
exerted on the teat end during the d-phase of
pulsation(Thalheim & Uhmann, 1977).

FFaY FFo FUstn ¥ LEE 2~3C7)
Z7}3kch(Kossen, 1981 and Hamann & Diick,
1984). ZHrF old FA o g 2rHA R8Tt
Rk a2E7] e AR el vlste o]
E ZR9 Fo4e YA 4o 58 A4
9 FaAol x8dE F{ES HFFF AF
7 {F5E ZAxustd g71A Ase 39 2
o tH3mm Z oAl E. coli endotoxin ¥l o
3 dEur-go] wieol e ¥4E).

AR Fae FRE A FAT T 7
el AA {fFDY ZFx=2 43 ¢
ek ZH71 AAZ 183 108 Alojol 3 3
Aol Z7t e FAE . KFE ¥
FEA Ug gL FUHE I/§UFeR F
F3l9h, 4599 AR 93] e 44
of uig e YA g AfAYE &
F9 Axd 2 9%¥dE F9(Hamann & Diick,
1984a). E3F Aot FAFAHVIY ARE &2
2 7 3e 31z Rdus AlZkAlolol @A
7F Aot zelue FAFAvidA S4HE 5%
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© 41 4

& A+ 2% 39 M (Hamann & Diick,
1984).

3) 7IAET YEE /X

(1) 9J¥-9 4 (External lesion)

ol BolAY #AEHE Wihe FE FFE
A dojdtt {F barrelol A FANEE
3}, 58 4(eg. Cyanotic Teats and petechi-
al haemorrhages around the lowen Teatc barrel
or the teat end)®t FFF3F& X {579 &
Aste F=zisid v E3tch. aea 9
E $o0]9 wige #WidYe] 2<Uth(eversion,
enosion, prolapses ).

7). #x 2812 (Hyperkeratosis)

dzsgde 52 Hihe F=gEAY AR
A F55 F9d 24 yehdoh =3
Az 553 43 7Hort 498 Sieber,
1980). Wae] 4% ZFAdu)e 71AF F9
et} £3] linerol]l 738 43 oltH Michel et
al., 1974 and Wehowsky e al, 1983). 53
gl Zo ot oA gloz FAEN W
o}Z(stratum germinativum) ; %Y & (stratum  gr-
anulesum) 18]3 Z}EZ(stratum comeum), ‘&
9&FL AAzFozr FAHE #FFd 712E
. ol fFFL #5389 R, 1,
Axe aF 49 Urh

5o BEgE keratindlHe WFPoz 2H
gt AgAxed uid 7143 o wEzy z}

< keratin®}& A3 olH Axd gt
keratin®= W el keratindl & FHx7}s}zo)
a1 FEvH(Frei, 1972). olR& #%# HE
9ol dojd 5= Sk

A R=de AdEy g, 9w
(eversion), W]¥(erosion) T3 T KFET9
2ol e WA E AA keratindlA §HTt
(Schultze et al., 1974;Michel et al, 1974 and
Michel & Seffner, 1975).

o] keratin3l FAARE ¥ 79 Y}

Heztzio M 2L HAL H58 F9
AL FFHo] 1 FHE wEh, IRgME @
A&o] Brh(5.1~6.3%). A3 R
ketAY mulith frFol meke 7zt
PRI o] 438 Ft}(Rathore, 1977). ¥
A A et AL BYgsEe HAEr)

NE o rlo
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= x——x  Teat Canal Diameter(%){McDonald, 1975) - 10
i o——o  Teat End Stiffness(mm)(Hamann And Diick, 1984) Time post

S e e ; T T T T T milking
min. 1 2 3 4 5 6 7 () 8

Fig. 2. Teat end stiffness teat canal diameter and penetrability during the inter milking
period.

12,5 Teat end stffness
) (mm, Spring elongation)

Conventional system

11.5 4% xe—=x  PKME system

a— & Conventional system

with positive pressure(35kpa) application

) . x x ‘\ /\
\ a— »
10 4 ,.<4\‘7 \X \v/ /x\
o

IS —
4

9.5 ; ; ,
min. 30 1 2 3 4

-
o =
-~
00 -
o -

Fig. 3. Changes in teat end stkffness during the intermilking period with different milking
systems(Hamann & Diick, 1984).

HAYF A5 B BEI {FFEY K7 o] £#%7F Euha AUTHMichel et al.,
oA Eth(Johannson, 1964 and Paizs, 1973). 1974). 1 9j¢) Be AFAEL dsA% 714
AR 5D AYASE BANEY  DR7) wriw Sk
F7E MRS mesel @k © @ Az U ge 9RAaR
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Fig. 4. Schematic representation of the bovine
teat canal with emphasis on the direction of
the papillae of the papillary body(Schulz et
., 1974).

LY B U2 & 92 5 barrel
= % . ol F4EdEA “bla
ck spot”(H-2 ) 282 “black pox”(H& %
F)2A WE Aol AB7tH Walses, 1966 ; Fra-
ncis, 1981 ;Mein et al,, 1983 and Mein & Willi-
ams, 1984).

(2) B4

T2 BRIe {59 qFA 9} Edo)
579 YRAME dojdrh uURPL E3
Fiurstenberg’s rosette® ¥%3 583 %=
9ol olr)de] ¥ 4 Qlomg &34 )
Azt A#&olF}H host—parasite balance)(Wal-
ser & Weiss, 1963, Rettenbach, 1973; Katona &
Moszaros, 1974, 1977 ; Nickerson et al., 1983 and
Mein & Williams, 1984).
7h #58 Ay T4

o

o
o

58 ARG Y4255 FAE 45
£ 4d, & 938 iz Feahge) sty o
2(HE 8 F=x).

2

I~

FFE AN AEARF E 4T 7
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z27 9 FARA AL ZHAZ(Stratum comeum)
7 #}EZ(Stratum granulosum)&] F7}t BA
2o 9AE8FY Fvle 58 FHF 7
#Ale] felo] Arh(kaltona & Meszaros, 1971). 3
MY AuAE BEe & 989 F749 4
=97} E7VcH(Michel ef ol., 1974).
H(drAEQl 717)g 4328539 FAE 37t
Al7led 48s 4 ged. 284 FqHe
iRt 544
(Sahliger, 1977). 5743 F{Auiz2 Ay 2K
§ 559 fekgg o] &3 A#(50kpa) St A
21d ZA{AuZ AP (41~43kpa) A< 5.5
4 oPINE FFEE HY RAFAH FRAAE
ezl d = ¢ B F9 o (Hanse, 1983).
o] #HalA st

% 2 9] Alf 3 2] ¥ 3} (metaplasia)
agn ARske e Wl W gk
E 9o g3ttt 82 §5=29 Fiirsten-
berg’s rosette?l A& A2 dojuix] @erh 19
v fFEHE et ddd] 2o §5F2RY £
o] e AL AHY == ARFolY, o
Yo g3 e Aoz H2Au(Sahlinger,
1977). WjAsty] v & (MEHE)S A5 (Teat
skin) 91%°l A W% (Teatcistern epithelium) 63.
2% = gorxith, wFzf{o EAF fF5FE 7IA
ZF 5ol vigted 52 F9 9 Fiirstenberg's
rosette 917} ¥]=$ RI=E Rt /5@
HelA Wyl gl

A ze] W3} (metaplasia) Fiirstenberg’s
rosettet] 5ol 2%, §4xY {5 20.8%7t
Bk JIAFRE HES Ev £&F Wl
ol Hlgte] 28 o]io] Hrh JIAIER
gy Fadd AR3E AP

NARR dFo] FFE AN W
A=t e A2 %z
Z3A e FuAEyal =gl
vepdith o] A&E FFZ
% UHF(squamocolumar) FHFF7HA F7t
Ht}H(Nickerson et al, 1983).
of 7147 WYY E= AFade {F5FE F2F
A 50%7F Zagch el g A
o7l ARAl F @3 Aol EAE
He Z2g9daA FRA Axised Axrt

o =
N
Ho
ft
i
kv



Table 6. Factors which Influence the Compressive Load Applied by the Liner and the Duration for which the load is

Applied
Parameter Liner generated compressive load Period for which the load is
~10kpa applied
Recommended value : (Mein & min. 0,15. sec.
Williams, 1984)
Factors of influence
Liner Pressure conditions  Pulsation
-Bore -Beneath the teat -Rate
-Length -In the pulsation -Ratio

-Wall thickness
-Shore-hardness

-Tension

chamber

#EEE A 20 FEHAE geuve AL A
Algt), ZAfel ARPE RSO F{%Ed
xS §AE 95t FE2 wgwg g
a olfrE 5t ISUAEY oY o
hormone, €, A7|A gz 71AF A=F
61:0 k= FEQE =8 __:;T_
&7 (Vasculature) 58] AA1 24 7]|4¢
st FoAxee 73 Az 2FYe] U7

n°]‘4 T3 {5 A AL

FEH g o2 gef Uglo] Hol 49
‘ﬂi‘ﬂﬂr AES A=" Ao ASH 2o
Z-8- gtk (Nickerson & Pankey, 1983).

t}. Keratin%¢] W3}

5 A #AEYE keratin®ol 3 A

Be ¥=34 E 109 JehfAc).
AFAH] gle AYsd F5TL &/
ZIAZS Aol e £2F ol=A BT} keratin

o] Hth(Sahliger, 1977). F5&9 #H=z}s)
F9 Axe v FFEBAAN FUtEE= keratin H
ﬂ“’%i’—]- Zo] Z713Hc}H(Kemperkramer, 1983). ©]

AL F5F ¥ A=A ir 53
5 keratm%k«] Z7FF AT AL AASL
Work at Kiel(Hamann & Duck, 1984)&

PKME AHle A 2fAdule] H5td keratin
9] F(mg/mn’)o] F7HteE UYL HAF
Atk 24A7 7lEeg AAE keratin¥g UE
FAe AMHAIAELE 3.16, PHMEAIAE 2.400]
23l gt Al Aol F(3kpa)d] &

o] A74E £ keratin¥e] THAEHT

24XZE gl o7 hroRE= 4143 keratin
G AYEHA] 3.69, FEF7] ARiA] 4.089
grol ustth o] Aol ML ko] 24AI3¢
o7 4% e UiE e ARy FAE
yyoldoz ne 4= g}

keratin F% QoA AE(EAp) HES
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Table 7. Incidence(%) of Hyperkeratosis of the Teat Canal, the Teat Orifice and the Teat Skin

Type of Quarters Teat canal Teat canal orifice Teat Ahor Yea
milking /Cows mild | moderate | severe | total | mild | modemte | severe | totdl | skin
1=quaters
2956 349 Johannson 1957
155 071 458 125 | 790 | 48| 34 323 | 85| 51 |Rittenbach & Grigar | 1973
543 £0| 24 08 | 682 | B0 | 362 164 | 876 Rittenbach 1973
1% 05 vd Gered 1979
48 M2 72 16 | 630 Sieber 1980
Be| 155 14 | 49 Gra 1983
468
M4] 56 05 | 405
186 53 03 | 22 63
1216 121 69 49 | 29 KemperKrsmer 1983
1=Cows
160 & Udall 7
Machine | No information T0~80 Katona & Meszaros 1971
milking 6 p4] 0 0 28 {580 60 0 |6t
(Heifers)
4“ 3851 135 2 % |45 25 40 |72
(Without Mochel ¢ a. 1974
mastits)
29 42 27 0 69 20 400 78
59
{Streptococcal | 44 13 0 51 (30| 220 60 | 67
mastitis)
8 71 Rathore 1977
68 220
0=Quarters
1044 33 33 Graf 1983
12 12
Hand n=Cows
milking 20 15 15 Espe & Cannon 1942
No inforamtion 15~30) Katona & Meszaros 1971
14 % 14 0 5 |57 7 0 |6t Michel o a. 1974
Smooth chron, rings : Funnel shaped teats
Rough chron. rings : Cylindrical shaped teats
Smooth chron. rings © Smooth chron. rings
Rough chron. rings Rough chron. rings
B AEARE 2= Wi AR J  JUANY 459 wEY SEZL = mof
T 71AH A erh gae NE AR gmug ge Mavt dedd. d4Fe A6
= EFF oA Yo B3 fFgolA FEO O g2 vizz vAN $52 wold.
AL A=2sld g "“QOR L g ARF Had A F459 vige {717t A




Table 8. Thickness of the Teat Canal Epithelium and the Circular Muscle Layer at the Teat Apex Depending on
Teat end Condition, Age of Cows and Method of Milking

Teats Specification Sty. comeum Str. granulosum Str. spinosum Circular Author  Year
n= ol germinatiem  muscle layer
( #m) { #m) {Mm) (#m)

Teat end conditions
14 Normal 62.71 65.42 16292 325.14 Katona &
14 Hyperkeratosis 9450 10707 14635 4585 Meszaros 1971
14 Thickening of teat canal 130.14 12771 18257 517.78
14 Thickening of teat canal and 19742 15778 22357 47857

hyperkeratosis

Age of cows

2~4.5 years 879 1859 1629 Michel et d. 1974
Noinfor-  45~7 years 1304 26338 2412
mation >7 years 1855 3282 2979

Milking
7Parsof  No mitking Thin Sahliger 1977
7 quarters  Manual Trial period very thick
(Heifers) 1 resp. 2 lactations
14 Mechanical very thick

' Milking system

10 Conventional
(half- {50kpa)
10 udder-  Biomilkir No measurable differences in the histometric Hansen 1983
trial {41~43 kpa) structure of the teat end
{Heifers) ~ Tralperiod : 55 months

7ol wel o ol ole HAF e #HF
A2 FAEH Francis, 1981).

Zeld, 28 53 g2 u& HAE linerd
EXo) Fad JdFL vlH PYse Aoz
EA47| A &tHMayntz & Laiding, 1983 and
mein e al., 1983).
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pox: A& e ARdEEY Fie #AEY
(Mein, Brown & Williams, 1983). °©l& #¥AE
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gy §53 59 Furstenberg’s rosette 123l
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Table 9. Histopathological Changes at and in the Teat End

Author (Sahlinger 1977) (Rittenbach 1973)
Method of milking No Manual Mechanical Mechanical
Teats n= 7 7 14 543
Parameter Results as absolute values Results as % values
Haemorthages

-Teat cistern 1 0 1 10
-Teat end 189
-Teat canal orifice 33
-Fiirstenberg’s rosette 1.0
Inflammatory changes 910
-Papillary layer of teat skin 713
-Dermis 63.7
-Fiistenberg’s rosette 63.2
-Wall of teat cistern

-Teat cistern and Firstenberg’s rosette 4 5 12

-Teat canal 0 0 0

Metaplasia of epithelium

-Fiirstenberg’s rosette 20
-Wall of the teat cistern 0 1 4 208
Fibrosis of the vessels

-Wall of teat cistern 0 1 5

Table 10. Relationship between Teat End Condition, Amount of Keratin in the Teat Canal and Milking Method

Quarters Milking Teat end condition ~ Amount of keratin Author/Year
n= hyperkeratosis in the teat canal
7 No milking n=0 + Sahlinger 1977
7 7 heifers  Manual n=1 ++
14 Mechanical n=2 ++
{mg)
875 No 9.82 Kemper
138 Mild 11.09 Kramer 1983
79 Mechanical Moderate 12.03
56 Severe 14.37
Cange of stiffness (mg/mm?) 0=
before/afger milking Fresh p.24h p 120h Kfresh/
K24h
19 Pairs of Conventional + 8.02% 0.0785 0.0259 0.0202 3.16 Hamann
19 quarters PKME +16.72% 0.906 0.0371 0.0284 2.40 & Diick 1984
19 Pairs of Conventional +12.55% 0.0952 0.0263 0.0190 3.69
19 quarters Conventional
with 35 kpa
pos. pressure —3.89% 0.069 . 0.0182 0.0179 4.08
9 Pairs of - 0.0901 0.0330 0.0267 2.88
9 quarters - 0.1766 0.0744 0.0625 2.63
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Table 11. Relationship between Teat End Lesions and Infection Level-Field Observations

Teat end classification Number of teats % Infected Author Year
Normal 554 308
Smooth chronic rings
-very mild 1177 248
-mild 1003 225
-moderate 312 266
-severe 72 34.7
Rough chronic rings
-very mild 125 20.8
-mild 199 26.1 Sieber 1980
-moderate 151 325
-severe 80 26.3
Acute 16 43.8
Traumatized 72 59.7
Other 211 330
Normal 1231 210 Graf 1983
With lesions 3473 198
Mean score of % cows 1981
hyperkeratosis/herd

0.85~2.13 20 herds 14.56 Brandsma & Maatje

1.26~347 15 herds 547
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A Z3ch(kossen, 1981 and Worstorff, et al.,
1983).
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Table 12. Relationship between Teat End Condition and Level/Rate of Infection and/or Somatic Cell Count Ex-
perimental Results

Duration number | Milking system | Main differences between | Teat end condition hyperker-| Infection | ECC | Author  Year
of (weeks) cows the milking systems atosis/other(n=or scores)( 6 ) | abs. or 6 | X10%/mé
nN=CoWs of resp.
samples | CMT
17 11 Twin sets Conventional | Pulsation n=28 13116 - Jasper and Whit-
. PME the pulsation n= 4 27386 - lestione 1977
28 23 Twin sets | Conventional | Pusation 146 n=15 530 | Woolford and
23 SVsC No Pulsation 017 n=53 59 | Philips 1978
36 24 Twin sets | Conventional | Pulsation 1.14 n=23 154
24 SVSC No Pulsation 016 n=053 216
18 6 Heifers Conventional | Pulsation Stiffness of the teat end +82 n=0 47 { Hamann and
6 PKME No Puslation (hefore/after milking( 6 ) 234 n=0 191 | Duck 1984
8 Conventional | Vacum © 34 kpa 1.26 1996 244
43 8 Heifers 425 kpa 157 1676 199 | Langlois
7 51 kpa 1.90 1896 383 |ead 1981
16 10 Conventional | Vacum Overmilking
10 without 50 kpa O Min. n= 6 0 41
10 Mastitis 50kpa 5 Min. n=11 0 29 | Olney and
10 70kpa 0 Min. n=17 0 46 | Mitchell 1983
70 kpa 5 Min. n=28 0 39
32 131 Conventional | Length of normal  148mm | Petechiale 180 n=25 - Mein etal. 1983
(Half  udder | liner  shortend : 110 ~ | Hamorthages 6 of Quarters| n=47 -
trial) 130mm 45
{moderate/severe)
Skin lesion
24 146 Conventional | Air admission in the claw | n=39 Start n=77
(Half  udder n=35 End n=69 No Griffin - 1983
trial) Air admission in the teat |n=33 Start n=8l diff.
coup n=27 End n=67
60 100 Comventional | Vacuum : 50kpa 220 - 490 | Worstordf
_ Air andmission . contlrous | 1.63 ea 1983
100 Biomilkier Vacuum : 43kpa 202 - 440
Air admission : periodical ]0.79
16 14 Conventional | Vacuum : 50kpa Brandsma
Air admission : continous | 3.1 - No and Maatje 1981
14 Biomilker Vacuum . 41kpa 16 . - Diff.
Air admission : periodical
28 14 Twin sets | Conventional | Pulsation 133 2836 196 | Whittlestone
14 Physiomatic | Pulsation with 50 kpa pos. [ 161 3276 207 |etal 1980
Pressure over 60 sec. at
start of milking
40 11 Twin sets | Conventional |} Putsation 135 4556 282 | Whittlestone
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Duration number | Milking system |Main differences between | Teat end condition hyperker-| Infection | ECC | Author  Year
of(weeks) cows the milking systems atosis/other(n=or scores)( & )| abs. or 6 | X10%/mé
N=COwWS of resp.
samples | CMT
11 Physiomatic Pusation with 50 kpa pos. | 157 5426 283 |ed 1980
Pressuer over 60 sec. at
start of milking
36 21 Conventional | Pusation 73 n=6 24 | Armstrong
23 Physiomatic | Pulsation with 24 kpa pos. {8.1 n=7 25 |and Wegner
Pressure over 45 sec. at 1983
start of milking
4 10 Conventional | Pulsation 2926 292 | Bothur and
10 Interval-Pos. | Normal Pulsation over 10 2846 284 | Schumann 1982
Pressure sec.
| followed by pos. pressure
pulsation (50kpa) over 5
sec.
36 14 Coventional Pulsation 1.95 6.766 409 | Paroulek
12 Interval-Pos. | Normal pulsation over 10 | 2.31 6166 448 leta 1983
Pressure sec.
Followere by pos. pressure
pulsation (50 kpa) over 5
sec.
30 3 Conventional | Pulsation 1.06 59¢ 1.16 | Ebendordf
31 Interval-Pos. | Normal pulsation over 10} 1.53 486 116 |etal 1983
Pressure sec.
followed by pos. pressure
pulsation (50kpa) over 5
sec.
18 6 Heifers Conventional | Pulsation Stiffness of the teat end + | n=0 47 | Hamann
5 Pos. Pressure  Pulsation with 35 kpa 8.2 n=1 102 | and Diick 1984
positive pressure (before/after Milking( 6) ~6.3
E 129 oA AP dde HolAE de  AME ZrHe Apdgd ko gdadAst
g o848 WEUHE ANT Yk FAUNE Ak linerdlE AHAV] g B
Ao wste] AeZsize Axrl ozt 9 Bk ZvHHE AREEY BV liner
EoldtH(Whovosky et al., 1983). F73 ¥t ¢le FHAHZ F4F ZlhEs 58 4%
FEE BE AL 829 Padeu W APIAAA 2 H5E 543 29 4=
o ARF RFFET 6.3% FaBh scekE ARl Z1EF ol gle Aol zHY o
2 A% °ok‘?:}°ﬂ"‘] Z7F8 v Hamann & Fol duse dule 2EHE 59 24d &
Diick, 984). dEE 7)RH ol Jeked FFeo] doju]
o8 o H1 Yo Ak
AFPAE et 4FEAY 999 A5 Huasd wae dwdl 4 2902 §



Table 13. Possible Relationship Between Teat End Condition and New Infection Rate Risk as Related to Different

Milking Systems

Milking system

Teat end conditions Infection risk

Hyperkeratosis ~ Stiffness after milking

1. Conventional + + +
1.1 Shortened liners - ++ +
1.2 Increased vacuum + ++ +
1.3 Air admission in the teat cup + * *
1.4 Reduced vacuum and periodic - - *

air admission in the teat cup
2. Conventional in combination with 50 kpa posi- - -

tive pressure(PP)

2.1 At the start of milking for 45s.PP + + +
2.2 Interval-PP; 10s normal pulsation, followed by + - +

5s. with PP
2.3 Permanent PP. pulsation + - (+7)
3. System without pulsation at the teat end
31SvVsC - ++ +
32 PME - ++ +
33 PKME - ++ +
4. Handmilking - — (—?)

- - (=?)

5. Milk withdrawal by the calf
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‘Infection risk

Teat end stiffness

~
~
- <" Hyperkeratosis

Teat end stiffness

after milking

Fig. 5. Possible relation between teat end condi-
tion and infection risk
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