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1997 D,air Report - - Iowa State niversity 

Welcome to the 1997 Iowa State Universi_ty Dairy Report 

e are plea ed , o pre ~ nt thi ummary of the 
dairy tea hing r · search and exten ion program in 
the College of Agriculture College of V,eterinary 
Medicine and College of Family and Con umer 
Sci nee and collaboration from r earcher at th 

ational Animal Di ea e Labora o . Thi report is a 
multidis iphnary . ffort and repre nts the ide
ranging efforts of the team off aculty taff and 
tudent who work to enhance the opportunitie for 

the dairy indu try in Iowa 
Ju t as change i ta.king place in the dairy 

indu try there has been change in th1e dairy programs 
on campu . The con truction project in Kildee Hall 
has resulted m the dairy ext en ion srroup mo, ing 
from room 4 to other locations in the building. 
Likewi e e ha e experienced the ound of 
progre a jack hammers ha e transf armed areas in 
Kildee Hall into modem classrooms and laboratori 1e 
to upp,ort both teaching and re earch programs. Th 
old Meat Laboratory 1 und r 0 oing reno ation to 
become a modem classroom and eaching 
amphitheater that will allow tuden to gain bands
on exp rience ith Ii estock as well as pro , 1de an 
opportunity for us to ho t outh event on campus 
that invol e Ii e tock act1 itie . 

The shell of the ne addition to Kildee Hall i 
nearly complete and the entire project i expected to 
be comple e by September 199.S. The new addition 
will pro ide space to conduct metabolism studie on 
cattle~ including lactating dairy cattle to addre the 
nutrient requirement of high producing co . It also 
wiU provide a modem meeting area to addre the 
changing n ed of a rapidly changing Ii e tock 
industry. Laboratories. will be con tructed to addres 
question of animal behavior and physiology of 
reproduction and to develop new way to u e 

1 

mol cular t)enetic to further improve election 
trategies. noth r major component of the ne 
boratocy pac wil] b new fa ilitie to addre s, 

i1 u of food afet throuah u e of irradiation of 
food 

The dairy group in Animal S ience i in the 
proc of developing a long rang p]an to identify 
needs and goal of th dairy program in the 
department. Thi i important as we try to anticipate 
the needs of the dairy indu try and our tuden and 
will include recommendations for hiring future 
f acuity member as well as identifying :ne d for new 
facilitie ,. Discussions continue on trategi.e- to 
combine the t . o dairy herd at a modem production 
facili · . Our goal i to con truct a n w dairy farm to 
addre question in nutrition and management of 
I actati ng cows and heifer cal e from birth to 
production and to provide data. to 1enhance selection 
methods. Input from producers wil1 be important to 
the ucces of this planning proce ., and we look 
forward to the · e effort . 

The dairy industry in Iowa i experiencing many 
of the change , observed in other Ii e tock industri,e , 
A ne issue - arise plea e know we are here to 
pro ide assistance . o that the dairy indu try can 
continue to be an important part of the economic 
structure of Iowa. We hope you find the information 
in this report u eful and we encourage you to call on 
u if we ma be of service to you and your programs. 

Dennis , .. Marple 
Profe or and Head 

O~r 
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The Iowa Dairy Industry 

Lee H. Ki met profe or 
D partrnent of Anirn.al Science 

The Io a dairy industry like much of American 
agriculture i undergoing a major tran ition. Dairy co 
number ontinue to decline (Tabl 1) . ince peaking 
around 1950. Certain parts of the country- howe er, ha e 
increased co numbers in rec nt ear . Con equentl 
tradi ional dairy tate. · 1n the upper Mid we t have Jost 
dairy busine . to the e e panding states. The de line of 
dairy cow number during the 1990s ha been Jes in Iowa 
than in neighboring state ~ 0 erall . U. . pr duction of 
milk has continued to increase at a mode t rate (Table 2). 
Total milk production in Iowa has remained around 4 
billion pounds throughout the l 990s while average 
production per cow has remained around 15 000 lb (Table 
3) Currently Iowa ranks 11th in both total :numb -r of 
dairy cow · and in total milk produc ion. Although the 
number of dairy cows has declined , the number of dairy 
farms has declined even fas~er (Table 4). Iowa has lost 
approximate! 10% of i dairy herd annually since 1990. 

Dairying till represent_ a ,significant component of 
Iowa agriculture with the ale of milk cull cow .. and 
cal e . contributing more than $561 000 000 to the 
economy of the tat ·~ Thi amoun to a $1.4 million daily 
cash flo contribution for raw milk supplies alone. 

Q,airy i a value added indu -try in tha dairy cattle 
annually consume m,0re than 37 million bu hels of com 
2.5 million bushel of oybean-, 1.2 million ton of hay 
and 2.25 million ton , of com i1 g ~ Many Iowa producers 
also ha e croppin,g enterpris growing their own for age 
and in man case grains a, . ell. In addition most 
producer al_o ha e other livestock usually hogs. The 
com grain and oyb an . that ar fed to darry animals are 
worth a combined total in ,exces of · 115 000 000. 
Processing of milk into chee e (Iowa ranks 6th in the 
nation) dry milk (5th) and dried hey (4th) and 
marketing of the e prod\lcts add . to the econ om. of Iowa 

well. 

2 

Dairy i more labor inten i e than other agricultural 
enierpri e providing producti e ork for 10 000 people 
on-farm . and 3 600 in haulin= and proce -ing plants. 
Total annual economic contribution of dairy- including the 
value of labor, upport en,ices and material to th Iowa 
econorn i in xce of $1.5 billion. A recent tudy done 
b indi idual at the -ew York tate Department of 
Labor and Cornell niver ,ity howed economic 
multiplier of 2.29 for dairy farming and 2.61 for dairy 
manufacturing whe eas the highest non-farm economic 
multip1ier con truction industry) was 1.66. Thus every 
dollar p!!nt by a ,dairy farm generates 2.29 in additional 
economic acti icy within the local community. 

Due to the h _ a g1eographic concentration in 
northeast Io. a (Tabl 5 dairy represents the primary 
ec,onomic fore . in that portion of Iowa. Howe · er the 
industry i often overlooked within Iowa because of 
swine beef com and o- bean . Li e tock generates 60% 
and cash crops 40% of Iowa , agri ultural incom.e with 
hog accountinQ for approximately 50% of the gro -
Ji -e~tock dollar b ef 40% and dairy 10%. 

Herd-. participating in the Dairy Herd Impro em,ent 
sociation (DHIA) production record program can 

erve a a barometer for monitoring production changes. 
The number of herd ... making significant impro emen in 
their average production per co· has increased ~uring the 
past se eral ear . The top DHIA herd continue t~ ha. e 
nearly double the production per cow compared 1th the 
a erag Iowa co . 

The Iowa dairy industry ha . and continues to change 
but ·1 importance to the state i - still · ignificanL Dairying 
i both labor inten ··. i e and capital inten i ,e and thu is 
able to use man of Iowa abundant ve ource · .. Finall . 
given the concerns about soil conservation expan ioo of 
the dairy indu -try can provide ·. marketing ( alue added) 
outlet for foragies, which can be gro n on the more· highl 
erodablc oil , in Iowa. 



Table 1 Number of cows 1n owa and selected sfates. 
0 

1990 1991 1992 19·93 1191'94 1995 1996 ' 

thousand head 
't 

lllinoi 174 171 169 1,67 165 163 15 -
lawa 215: 268 264 25~ ' •. 

-- . . 

Minnes,ota 710 681 653 635 609 599 59 
Missoun 223 213 208 209 197 190 17 
Nebraska 97 92 88 82 77 74 6 
South Dakota 140 136 130 125 120 118 112 
Wiscon1sin 1 731 1 681 1 618 1 543 1,494 1 490 1 ,449 

Arizona 69 95 98 102 116 114 12 -

California 1 135 1 155 1 180 1,210 1 235 1 254 1,264 4 
• 

ldah10 179 178 183 189 208 232 256 ~O 
New Mexico, ,81 98 111 136 165 191 19 • 

Oregon 99 1.00 102 100 100 97 9 ,. 

Texas 386 386 386 394 402 401 39 
Was1hington 237 237 249 257 261 266 26 

U.S.T1otal g 9931 9 826 9 688 9 -589 9 525, 9 461 9 351 ' -

Table 2 P·ounds of milk marketed in Iowa and selected sta ·es 

1990 19911 1992 1993 1994 1995 
~ 

mi/hon pounds 

llhno1s 2 525 2.5153 2 549 
-

Iowa 4 006 .. 4054 3962 
Minnes,ota 10 030 9 775 9,858 9 6931 9 342 944, ' 

Missouri 3 040 2,865 2,971 2 840 2 720 2 6'90 2,44 
Nebraska 1.,345 1,280 1,23,Q 11 125 1 110 1 095 1 05 
South Dakota 1 716 1,674 1: 660 1,619 1 5,99 1 59 1 ,47 
Wisconsin, 24187 23770 23 844 22 844 .22 412 22 942 22 37 

Arizona 1,645 1,713 1 787 1,877 2, 34 2,230 2,41 
C,alifomia 20,947 21 407 22 092 22,927 25 1019 25,327 25 85 
Idaho, 2 949 2 919 3, 13181 3 229 3 7,54 4,210 4 73, 

,.. 

New M1exi'co 1 524 1,917 2 174 2 621 3 325 3 ·623 3 7481 45.9 
Oregon 1 6,11 1 659 1 712 1 692 1 714 1 677 1,608 99.8 
Texas 5 539 ' -

5 418 5,590 5,910 6 225 6113 6 120 . 
iWashi 1ngto1n 4,392 4459 4 836 4 980 5 203 5 302 5 279 • 

U.,S,. Total 147,721 147 697 150,885 150 582 153,622 155 644 154 268 

3 



Table 3. Avera e milk er cow for Iowa and selected states. 

1990 1991 1992 1993 1994 1995 1996 

,llliinoi,s 14,707 14,936 14941 15,2.87 15,448 114,857 15,16 
lewa . :· . ... · 15 ~-1a ~. ·1s,.095 14,.948 ~ 15,356_~:.:-1~ 95~ . --1s,1a_s ,_......_; 
Minnes·ota 14,127 14,,354 15,096 15,265 5,340 15,708 15 
Missoun 13,632 13,451 14,284 13 589 13 807 14 158 13,631 
Nebraska 13,866 13,913 13.,977 13 720 14,416 14 7'97 15,21, 
South Dakota 12 257 12 309 12 7'6,9 12 1952 13,24,2 1· 3,398 13 161 
Wisconsin 13,973 14,140 14,737 14,805 15,001 15 397 15,44 

Ari,zona 
CaHfornia 

1 ldaho 
New Mexico 
Oregon 
Texas 
Washi,ngton 

U.S,. Total 

17,500 18 032 18,235 
18,456 18,534 18,722 
16 475 16 399 17148 
18,815 19,,561 19,586 
16,273 16 590 16,784 
14 3150 14 036 14,482 
18,532 18,814 19 422 

' 

1,8,,402 18,397 
18,948 20,258 
17,085, 18 048 
19 272 20,152 
16 1920 17,140 
15 000 15 485 
19,377 1 '9~935 

19,,561 
20,211 
18,147 
18,969 
17,289 
15,244 
119 932 

20,083 
20,458 
18,49 
19,22 
17,29 
15 37 · 
19,99 

14782 15,031 15574 15,,704 16128 16 ,433 16498, 

Table 4. Number of dai 1 farms in low,,a an,d selected stat,e,s .. 

1lltino1s 
Iowa, _ 
Minnesota 
Missouri 
Nebraska 
South D,akota 
'Wisconsin 

Arizona 
·Califomi1a 
Idaho 
N,ew Me,xico 
Oregon 
Texas 
Was1hington 

U.S. Total 

3,700 3,000 

15,500 15 000 
1,,000 6,900 
3,,000 2, 700 
3 6010 3 300 

34 Q,QQ 33, 1000 

500 500 
4 500 4,200 
2,200 1,900 
1 200 1 300 
2 100 1,900 
5,700 5 300 
,31000, 3,000 

14 000 , . . . 
6,800 7,500 3,539 
2,500 2 900 1, 187 
3,,·000 ,2,800 1. 916 

32, 000 30,000 ,28, 323 

51QQ 500 105 
4,200 4 200 2,426 
1,900 1 700 1, 17'9 
1 200 11'100 154 
1,500 1,5001 553 
5,300 5.,000 1,960 
3,000 3,000 1,043 

" 
3,377 
1,078 
1,724 

26,887 

135 
2,,383 
1,156 

151 
522 

1 880 
962 

' 3,308 
99, 

1,52 
25 52, 

13 
2 17, 
1,111 

151 
500 

1-667 
919 

192 660 180,640 170 50,Q 16,2,450 117 7,32 111 932 11 06 045, 
aoata from Census of Agriculture and ,crop R,eport1ng Servi,ce (estimated numbers). 
bData from Farm Bureau and various stat1e Department of Agriculture ag,encies (actual number of commercial 
farms) 



Table 5. Number Gf Grade A and Grade B milk ,producers in low,a, October 1997 

0 y Grade Grade Total Co nty Grade Grade Total 
B B, 

dair 2 10 I eokuk . 
1 3 -

d .arns 3 0 3 
I - --

ossut 2 5 17 
' 

lamakee 214 21 235 Lee 6 17 
ppa - oose 6 6 12 Linn 35 8 43 

d bo _ 3 2 5 Lo • 1 0 1 1sa 
Ben 6 5 

I t 

31 0 Lucas 2 7 9 
~ack Hawk . 8 Lyon 2 56 

Boo e 5 0 5 1 _ad . so 1 0 1 
Bre ·er 102 - 8 120 a aska 17 2 19 
B C a -an 49 134 183 

- • 12 4 16 arion 
• 3 1 4 uena 1sta a rsha 1 8 0 8 

B tler 32 17 49 Mi l l s 1 0 1 
Cal_o 0 0 0 Mitchel l 53 47 100 
Ca rroll 4 3 7 Mo n ona 0 2 2 
Cass 6 1 7 0 roe 8 9 
Cedar I 

17 4 
11 

21 Mo t g omery 3 0 3 
Cerro Gordo 4 4 8 Muse.a t i ne 13 0 1 3 
Ch,e r okee 1 1 5 16 O'Brien 15 2 17 
Chickasa - 72 12 84 Osceola 18 22 

' Clarke 2 3 5 Pag e 1 0 1 
-

Clay 3 2 5 Palo Alto 6 4 1 0 
Clayton 330 66 I 396 Plymouth !7 21 
Clinton 26 3 29 Pocahon tas 5 3 8 
era f ,ord 2 6 Polk 5 a I 5 
Dall as 3 0 3 Pottawatta 1 3 4 
Davis 9 46 5S 

. 
m e 

Decatu r 5 0 s Poweshiek 5 2 7 
' Delaware 230 17 247 Ri g g old 0 2 2 

Des Mai es 5 2 7 s .ac 9 2 11 
- -

Dickenso 2 1 3 Scott 1 9 2 21 
1 Dub que 474 27 501 She lby I 5 1 6 

Emme t 1 0 1 Sioux 89 14 103 
Fayette - 189 22 21 1 Stor y 5 0 5 
Floyd 15 4 19 Tama. 13 5 18 

~ 

ran kli - 5 4 9 Taylor 3 0 3 
Freemo t 3 a 3 u • 1 0 1 ion 
Gre,ene 0 0 i a . I Van Buren 12 24 36 

' 

Grundy 3 1 ' d 
I 

I 

I Wapello 
: 

2 2 4 
G hrie 5 1 6 Warren 9 1 10 
Hamil on 2 0 2 Washington 41 67 108 

ancock 2 2 4 Wayne 6 3 9 
Hara· 16 1 17 · ebster 4 0 4 
Harr iso 0 2 2 

• ebago 6 7 I 13 
Henry 8 2 10 Winnes iek 291 35 326 

0 ard 80 25 105 Woodbury 3 1 ,, 

wnbold - 0 4 Worth 6 2 8 
I a 4 

I 
0 4 right 2 2 4 

Io a 11 s 6 Tota for 3,005 791 3,796 
ackson 86 20 106 Io a 

Jasper 6 7 
I Je ferso 6 1 7 

,o so 9 3, 12 
Jo es 44 12 56 

ok k 3 4 

5 



Iowa' Dairy ood Proces ing Indus ry 

. L r n pr i r 1of f od ci n ,nd 
hum n nutriti n 

I a· - d · f o d pro In a nd u 
i i 1c ,ntl to Io . nom b th 

ontri te 
he 

dp int f nu - mp] 00 nd 
in th lu f ai_ rn nu ur m 
n ., billion annu . In I 9 th I t d t 
a ailabl farm h r .. p r milk Id o d · i . 

d p]an totaled miJiion ntin % o 
total farm r ce1 in 

n 1997 th re ar i.. uid mi k pl _ in luding 
f t manufa tur ultur d · fo d u h 
cott -e hee e nd 0 1gu ere ar four plan th -t 
man fa tur 1c earn an o er froz -n de err · e en 

an that manu actur cur d t h ~ 11 plan 
th t e 1n ol , d in dryi b kim nul d . h 
b_,, -produc · and one m 11 creame· th t m e . u er 
for th ir loc l ade. 

D data indicate tha I . a . en cur d ch 
manuf. ctunng -Jant d m t t l o 2 1 
m1lhon ound h e in 199 . t" t r_ d 
low 7th n tion ly n · e _ e e in lu d 
e eraJ po u1ar p such blue. is ream 

mozzarella and m1 n an th t includ cheddaL o1b 
Montere /J a . ott a hee roduction in lo a in 
1995 t tal d er 12 i Ii p und m d b 
o a fluid mil ,. nd cultur -p due pl nt . onf t 

dry milk powder pr du ti n rank lo a h1 t n tionall. 
each ear and th · n 1995 four plant manu acture 
th · m jorit o the nearly miHion pound roduced 
Io _ a dcnry proi.-L.o~~or al o an i thin lh o IO tat 
in the r uction of - oz n d""'-3..,~ (four plant · and 

rie whe pro u (fi e plan ) uch la t and 
whe pr t in on entr t . 

low d ·ry f od p n 
on] · n quali and quantity 
but 1 o in incom fr aJ 
Dai o d an ed th to 

b dai · od ale . 

rank hi h n i nall n t 
dai food 1nanu a tuJi d 

. The Jul 1 97 
in th nit d 

In . L Mar . 
Iowa r nked number 17 in th . n t1on ith tot I da1 
al o 500 m 'Ilion i I . The nu actur nd 

market fluid 11 pr,oduc · n lu -in0 cultur prod 
n froz n de en and m ny o en n elt dai 

item _ . The ket not onl thr ugh ut th nited 
t t bu l in e ral oth r ntri i 1 )udin0 

a. . C ~ Jap n and u . . u - n ~ 
Dai tw 1 d rt pl nt I in d 

u tur m re fr zen d - rt th n n th in th 

-- --

, 

world Le ar h be n named the Ice Cream C p·tal 
o h · rid 

airy oods 1 o r n r on Erick on Dairy 
mp n D oin rd na ionall in 19 6 with 

ale valu d t 127 millt n. Th ir fluid mil plant a o 
m u ur eral cul ur d produc and th -ir i 

I nt produ · ed i . ream . 
e . Dai Foods 

omp 17th n non II in 
f fini h d d i product ith 2 _ milr on in 

996. Thi ooperati eh 1 e plan · ncluding a 
· ultur d pr due - plan . in C dar Rapid a fluid mil 
and · i e plant in ubuqu he i r 

· u hatel b i pl nt in Lu a and dried 
mil d ere - pl nt in 

19 7 i ue o Dai- i ld pr ent d a ti tin of 
th top l 00 d -iry f d organizatio · in the ni ted 

I d U , . ] nc I ud d on i l i l I 
d ran d n mber -1 

-n rank d 4 and nd r on 
m . Other n tion I rank d 

d · •~~~ Ian tha n manuf turine plan in 
I - in lud numb r , ociated ilk Produ r 
In orporat d ith n m·lk lant · n n~Jon 
and 1bl n tant d lant in d 

heddar ch pl nt . or mo 
, r n ed nation 1~ u 11 ith eadquarter in 

B - -abo i n · n · - a h pr in n entratie 
. I nt 1n r c __ ure h e and he proc in0 

I nt in De .orah and . , he rot n on entr t pl t 
in uk . um r l Bor d Gold D · ri 
Incorp 7 nit d t t and 
he dgu · 0 fro e · ream 

Ian in oin an oz n no it lant in Pe 
le f GI nd. i orni nked 2 th in th -

in doll __,___.., h 
pr lant f'. r in tant · ra erl . 

fluid milk pl nt in · d 
ar th .. re ul of j int . entur 

num er r nk d id- ri an D · rym n 
In rp r l d. pnng- 1 Mi ouri and numb r · 
P in, ai n rp rat d f arlin ill n1 · noi . 

ai , indu i t hnicall ell 
1ti n d t ull into th ... 1 t nt 

1 nm t pro id p ortuni ie 
th i ark tin ... · · hi h--q uah . tr) 

- -
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Executive Summary from Dairy Teaching Group 

M Dougl 
d.airy -

1 n 
n al or in har e 

a tat Uni- -r it 

D L-108 

Th da·_ i n _ umculum at Io 
found ithin the D partm nt of nimal . 

e n1ver it i 
ienc . The urr. nt 

d ~ ience te hin0 team in lud . : 

. Dougla en al profi s or in char g 
illiam .. under pro es or 

Howard T ler o i te profe or 
Cind- Achen dairy fann uperint ndent 
Ilen Carl on · e r t -

Enrollment 
Fall 1997 undergraduat nrollm nt figure re: 

.S7 
597 

5 

I 
Total, de artment 709 
Total Colle 

te· Major in Animal or Dairy cienc ma · d clare 
pre- eterinary medi ine but the d partment a1 o m.anag 
the undeclared pre- eterinary med1 ine program ·Gen . ral 
Pr - · et). 

Graduate tudent nrollm nt for fall 1997 
approximatel 00 with 85 funded tuden pur u1n° 
- aster or Ph.D. degr _ e . T n po tdoctora_ fi llo · . al 

ere emplo- d b the depanm nt. 

Corri ulum pdate 
The 1996 _ xecuti e . ummary de cribed the b .. kground 

for curricular cha_nge de eloped for the 1997-1999 atalog 
biennium. Tho e change, for Animal ci 1enc· and Dairy 
Science curricula ·were bas d upon ~outcome . In brie th 
faculty s nt 18 month in an organized proce to 
determine the kill · necessary for graduate t I succeed in the 
career marke · of the early 21 t century. Th e skill er1e 
tran lated into out ome tatement and outcome ere 
grouped into categories that e en ually became cour e . n 
e ample o an out ome stat ment i : fter completion of 
this curriculum/course a student ill be able t : critical[ 
evaluate a long-range breeding progranlfor a 1dairy 
producer ·~ 

'The ultimate goal co cr,eate curricula that ould 
prepar · graduate to b · competitive in the immediate po t-

7 

gr du tion job mar et we11 a gi e them kill to me t th 
need . of ol in care r markets. 

Th immediate r ult of the curriculum re italization 
proc was the cat l O ·mat rial and cour e requirements 
that b came ecti for n tuden in fal1 eme ter 19 97 
On m a ur _ of th nthu · i m of ac Ir and tuden for 
the ne nimal ci n e and D iry cience core 
requir m n w the mo · of upp r- la tudent to move 
from their old catalog requirem nts and adopt he n 
r quirement The ultimate te . t ill be the ucces of 
gradu . te . in plac · ment and are r de elopment .. 

Placem nt 
Placement r . t nd alary offering or 1997 conti · ued 

to h trength for th i to k indu try. Pl.a ment rate 
or , chelor -, aduat w b tw n 80 and 90% for 1997. 
· tarting al a er g for gr du t . a approximate] · 
26,000. 

· tron° · tare of lacem nt for 1997 · er feed and 
h , to k product ale food indu try · ncluding quality 

uranc · and Ii e tock managemen . Other ignifi ant 
o opp nuni · ere animal health indu try, breed 
iation _ , bull tud and promotion/publi relati n .. 

Dairy 1ci nc Club 
The Dairy cienc·e C]ub w ucce ful in ompetition 

to ho t th id e t regional confer nc for th 199 
me · can Dai ien e A o ia on . tud nt 1liate. The 

AD con _ ren e will b · held m F'ebruary 1'99 1. Hosting 
the conference ill a pre tig1ou e ent or th club but 
h in olved e ten i plannin 10 a ti ity an con iderable 
finan i . obligation. 

Dai cience C ub memb r hop to bring o e 400 
d iry cienc tud nt o I . tudent affiliates come from 
oil s nd uni r i ·e lhrou h ut th upper id el 

ranging g ographi • au . fro,m · chigan State Uni er it to 
Kan tat ni er it . The . U Dairy cience club 
ext n i . . Ii t of ucce · fu on oing a ti itie and olid 
planning from th 1r e ders help d to eal the bid for thi 
opportuni . The I . facult continue to be · mpr _ ed ith 
th quality o leader . hip displayed b Dairy ci1enc · major . 

Building pdate 
Pro!!Ies on the Kilde addition and o i ted 

remodeling i . I but ure. Remodeling of · e ral faicilitie 
in K.ildee i .ignificant not Just ne · de and chairs. The 
remodelin,g include t · o complet 1 new Iowa 
Communi ation etwork (IC or fiber opti _ ap _b) 
clas room · on th · fir ,t floor. The e cl room ill r pla e 
the admini trati e of 1 e comple on the we t . id · of Kildee. 



T o e i tin0 I ,r om ill b r mod led in o 
multimedia I . room upport c nt r for tea hing and 
tud nt dr p-in u . R maining cl, - ro m f, ciliu on the 

fir t floor Kil ee H ll will r e· e i or remod lin . 
Two n , , · w t labor to pa ill b; added to ·1 e 
b ement~ ph _iology lab rato~ and . nutntion 
laborato · . 

,Qn of th , · mpa ts and opportu iti o · r ·_ de line 
th h nee to r i of U P' - in Kild e. r suit 

t le tern · orary ofl 1 1ng fi r d · xt n ion f cult . 
oom _ Kild the home o th · Dai ience urri ulum 

since the building of "ldee in 1964 1 o ha . becom . home 
f r a portion of the D1airy ience e ten ion team 
pee i 1 all Dr . a.I] orie ·. u t and L o Timm an 
. dell Krull. D ir ' 1ence e en ion 1 ader r. Lee 

Kilmer i temporari] hou ed ith ·· nimal • ienc 
e en ion. Thi grouping ha b -en a po iti for gr u 
intera _ tion or facul i 12~ Kildee. Po t-remodebng pl . 
ma a1lo · the option o omb1ned hou ing for aU a1 

· -en ion and teaching group m mber . 

Re · odeling i . t completed in phases but final work 
hould parall I compl ti n of th . IGldee addition. Th 

o tory 74,000 quar oat addition · to b completed in 
faB o ] 99 . The dditi n - ~11 hou, e facilitie for re earch 
teaching d ·utreach for the animal cience ,. Th 
_ on true ti on will incorporate 19 000 q uare feet of remodeled 
p e or teachina in th old meat labo atory 1ncludin~ a 
ma] pa ilion ar a. The facili will include a hon-tenn 

holding area · or li tock ed in on-carnpu tea hin~. 

.ummary 
For the Dai ' cience pronam ca1endar ear 1997 

tarted nd 1n1 hed a . eriod of dramatic change 
peciall in curricul m and in th ph ical urrounding of 

K.ild e Hall. Change bring with it opportuni · . Students and 
fa u)t h e embr c d the opportunitie as ehicles to 

1m· ro th ir po ition in th educati nal and career mar ets 
for the ·tum of the nru . 
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997 Dair Report-Iowa tate 

Iowa State University Teaching and Research Farm: 
Management Practices and Research, Teaching, and Outreach 

Activities 

c· d chen uper·ntendent I Dair Fann 

DSL-109 

Introduction 
The low _ tate Uni er i SU) Dairy Tea hing and 

Re earch Farm at Ames Io a i u ed b dairy facul to 
conduct re, earch that dl benefit dairy farmer and the 
r,el ted indu try here in Iowa and the Midwe t. The I U 
Dairy Farm al o provide or experience for student a 
I boratory for Animal Scjence and College of Veterinary 
Medicine cour e and a location far dairy extension facul 
to conduct outreach program for 4-H and other dairy 
intere t groups. 

General arm anagement 
Cow at the ISU Dairy Fann are milked thr e time 

dail in a ingl eibht herringbone tyle parlor b u ing 
automatic tak off . Production by breed i · ummarized in 
Table 1. 

Tie tall for 110 co hou e the early lactation cow 
and late lactation co s are hou ed in a 48-cow free- tall 
barn A Co are fed according to three group = first lactation· 
high mature Holstein· and a late lactation group. The forage 
portion of the total mi- ed ration (TMRs) consi t of corn 
silage alfalfa ha_ lage and chopped dry hay .. Concentrate 
feed u ed include ho e roa ted -o bean high moisture 
hell com wet corn gluten fi d whole cottonseed and a 

mineral/vitamin mix. 
Thi pa -t year included ome needed farm impro e

men . · e began by rebuilding fences to help gi e the farm 
a n ater appearanc . 1 o the clas room hei er barn i o 

Table 1., ISU r0Uin1g herd ,averages, September 1997. 

Producing Standardized 
Breed Females 150-day milk Milk 

Ayrshire 14 78.6 16 ,896 
Brown ,Swiss 16 76.0 19 415 
Guernsey 6 57.3 16 966 
Holstein 112 96-6 2576,8 
Jersey 29 67.5 17 283 
M Sho1rthorn 9 66.4 17 299 
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hed go t barn and main barn were aint d. The t d 
manger in th tall barn ere al a c}e ned nd coa ed ith 
an epox Jin r to · a Hit 't cleanup and ui e the o a bunk 

ee of rotting debris tha,t oHects in pitted con rete. 
ork ha b gun on de loping otal farm proro I 

handbook for o and alf ailm nt and a whol herd 
recordke ping em. The e developmen ill help v ith 
re, earch project as well a a s stem to analyze 11 farm 
procedure . 

Research Activities 
Re ar ha tivitie at I are di- er e· animal are u ed 

in projec - b taff and students in the, Animal · cience 
Department _ ationaJ Animal Di ,ease Center and the 

ollege of Veterinary Medicine. Man of thes proj ar 
summarized in eparat arti Je in thi publication. The e 
projec include in e tigating d cow nutrition barri r te t 
dip coplas ma bovis r sear h and fre h co- metaboli 
problems. 

Teaching ctivities 
arie y of our_ es taught · n the Animal S ience 

D partment and the College of Veterinary Medicine m e at 
th ISU Dairy Farm. The e courses u e the animal and 
fa ilitie · in different teaching ituations for tuden_ . 

pecific dairy cour e work include : dairy cattle 
perf rmance dairy cattle election interc0Heg1ate judgin° 
training and competition and dairy enterpri e plannin°. 
Other anima1 ci nee cour e are more g neral for all 
· peci,e bu the the farm and dairy animals serve a very 
imponant ro]e in broad training of all animal ci uce 
tudents. 

Fat % Fat Protein % Protein 

7111 4~5 538 3~3 
845 46 645 3.6 
848 6.1 574 3.9 
1001 3.8 767 3.2 
852 4.,8 61 3.6 
722 4,.3 5511 33 



The l ·U Dairy Farm pro ide . part-time labor and 
training for 20 to 25 .· tudent employ e ea h y ar. The 
· tudents ary in ba kground and train to perform and arry 
out much of the needed labor to operate the farm. 

The · ollege of Veterinary M dicine a o u e anima] 
and fa.cilitie -t the I Dai . Farm. nior tudent _ i it the 
fann with the attending et rinarian when herd he th i 
done and al · or cei e in t:ruction on production m di ine 
nd public health. 

Outreach 
arm has th opportunity , o gi a 

po itive ima· e of dairying to th hundred _ of chool-ag 
chi1dren and familie from th ci of Am , who come to 

i it the dairy farm each ar. Major effort has be n made to 
make the premi es neat and clean to convey thi positi e 
image. The dairy farm also has ho ted tour from the former 

o: iet nion South America and Japan. 
e eral 4-H acti "tie are conducted a -the farm each 

year weU. In June the Animal cience 4-H Roundup was 
held with a 2-day dairy ection conducted at the farm .. The 
annual outh dairy judging conte t conducted by the ISU 
Dairy -cience Club as held thi past fall and the' I - ·lked 
. Co e ent wa uccessful for th - club at ,r A this 

past pnng. 

'Thi past ummer a ry ucce ful hare-a-Rei er program 
a conducte-d ith 14 -tory -ounty 4-H ers. Thi program 

gi y ung peopl the pportunit t care for an animal and 
,exhibit at the loc l fair. Plan ar b ing made o that the 
project can bee panded to in lude more project meeting to 
,enable the e young peopl to l am more about the dairy 
indu try ,nd the total life c cl of th dairy co . 

Th.e Future 
The I - Dai Farm continue to promote the dairy 

indu try ith empha is on · ducation and outrea, h. The dairy 
indu · a e e other production anima] indu try i 
rapidl ol ing. The 1S 1 

- Dairy T' achin and R -earch 
arm mu t po ition it elf to pro id adequate re earch to 

i -t producer with questions on new manage·ment and 
f e ding strate gi e -. 

cknowledgments 
The teaching and outreach program at the I _ U Dairy 

Farm ould not be po , ibl without a dedicated and 
qualified full-time t . . These people are: P ul Amund on 
as i ·tant manager· John ent animal caretaker II· Tom 
Golden animal caretak r II· and Ron man and Jennifer 
· ickJes milk r . 
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A New Dairy Nutrition Course 

G. L. Lindberg a: l' tant pro or· and 
R. Orth prof e -_ or 

D partment of Animal ci ·nc -
Io a tate ni , _ r it 

ummary 
A dairy nutrition hart course offered during 

January 3-5 1997 a lo ,a _ tate ' ni er ity Am . 
The cour e featured lecture and laboratory topics and 

as .att .oded b 36 tudents from Iowa Wi -on · in 
orth Dakota . Illinoi ichigan and Minne otaA The 

enrollee, consi ted of ndergraduate tudents 
postgraduate students and dairy-related industry 
personnel. Plans ha e been made to offer a imilar 
course with expanded enrollment b IC (Iowa 
C'ommunications _ twork among three site in Io a 
during January 5-7 1998 

Introduction 
Iowa State University i one of e eral land grant 

uni ersities in the upper Mid est that i lo ated · n a 
tate with ignifi ant numbers of dairy cattle and tha.t 

offer an undergraduate major in Dairy ,cience. 
Specialized courses in dairy-related ubjects ev n 
- ithin large universities, are often ught infrequentl -
becau e only limited number of -rudent usuall 
express interest in specialized cour e . If pecialized 
course are taught at time that are feasible and 
convenient to tudents then course with · pecialized 
content ma attract ignificant number of studen 
from other uni ersitie and from allied industries. Our 
goal was to · nitiate a specialized dairy nutrition hart 
course in l '997 'that ould attract enrollee from Iowa 
and from ocation out ide Io- a and to determine 
inter,e 't by s udents in _ uch a cour e. 

Course Description and Organization 
The nutrition cour e was organized as a 3-day 

erie of lectures and laboratories. that held on 
consecutiv,e da in January 1997. Lecture topic 

ere diverse and generall gi en by faculty with 
~pecial ,expertise in the respecti e area (Table 1 ). 
Laboratory sections con i ted of computer 

a Current address: Io a In titut for Cooperati es, 
Ames Io a . 
laboratories and farm laboratori and included 
computer diet formulation bod condition corino: 

1 

and particle ize evaluation. The cour e was 
ad- eni ,ed by no-ti e - s,ent to area , . ten i, n office 
and to ext,ension office in neighborin~ rate . 'Ten 
fa ult members a c pted th invitation to parti ipat 
in le ture or Iabcratorie - and ea h deli ered one or 
more lee ures in their area of expertise Table 1 . 

Table 1 Faculty and top,ics for the da,1ry 
nutrition •Course. 

Faculty Membe.r 
R. Ort:h 
G. Lindberg 
W. Mahanna 
H Tyler 
J. Goff 
J .. Young 
K .. Nelson 
W. Wunder 
D .. Beitz 
J. Schroeder 

Topic 
Summary of dairy industry 
:Principles of dairy nutrition 
1Ensiled forages 
Ca f and heifer nutrition 
Milk fever/anion ba'fance 
Ketosis and fatty liver 
Nutritional management 
Financial managem,ent 
Fat supplementation 
Protein nutrition 

Results 
Thirty- ix tudents from Io - a Wiscon in orth 

Dakota Illinoi Mi _ higan and Minne o enrolled 
for the cour e. . ttendee included approximately 
equal number of undergraduate stud nts eterinary 
and other profe ional students and dairy industry 
personnel. The course as of con iderable · n tere t to 
attendee for two major reasons· (1 the object 
matter was of interest to th min their bu ine s or 
educational goa1 and (2) the cour e was a ailable 
or their an ndance b cause it as held during a short 

period etw n eme t r hen indu try per onne] 
professional student and undergraduate tuden: 
from other in titution could attend. 

Future Plans 
Becau e of the con iderable intere t generated 

the course will be repeated in Spring em ster of 
1998 on January -7. To fulftll the demand for 
attendance the 199 8 course con i _ t of lectures to be 
held on three con ecuti e mornings at three ite ·: I · 
t Ames ortheast Iowa ommuruty College - CC 
t Calmar and Dordt College at ioux Center. In 

addition e _ ause all three ites have dairy berd and 
computing facilitie on campus laboratory section 
will b - held imultaneou ly at all three ites on three 
on cuti e afternoon . The rational for u ing three 
it s i ,: (1) mor spa for laboratory ection can be· 

aenerated b cau e of the availability of cattle and C, 



co_ put r pa at th multi J it · (2) the 
di tributi n of Ile ill d 1 time and 
hou ing , t for man f th parti · n and ) 
mor p ti 1pant 1 ur r ·nth our an 
be ome in 1 db u ear a ten ion p iali 
and a _ ult l the oth r coll g can on, rnate 
contributing 1 ctur and m n tr ti n from n . f 
th thr It .. 
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pecialized Dairy Education at th IS College 

of eterinar Medicine 

~r p -tri k fo,od nimal p iali t 
· Di · o i · rodu ti n nim 

di 1n · n T. · 1mm n o . 1 

e i Ii t im I i c d p rtm nt 
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Th o lege o eterin . di inie i ring 
p i · liz d cour or · tudent i , tere ted in food an1m 

producti nm di in . It con i of - ek b o · ith 
emph is on dai b f 11n and . mall ruminant to ic . 
The 2- k d · erie i oordinated b Dr. Leo imm 
n Dr. ar, Kir p tric . Pr i u r ·on of hi 

ha e been o er din th inter Thi ear the plac m nt 
d anced to l t Jul and . ugu tin an ffo . to train 
e erinary udent in production medicine topic prior to 

their out ide pr p or hip in r cti e , thr ughout Iowa 
nd the id e t. Th in1 · al fe dba on thi la em nt h 

be g od nd ill b r. p at d ne t 
The emph i o thi our e is to te ch the prineipl of 

production and h rd me icin . rather than indi idual animal 
e mana em nt. itb thi in mind th OU[ e br n 

do into t p1 al gm n . tha er taught b both expe 
ithin and ou ide ho n belo 

sue f l part of pr iou dairy our e the u e 
of field trip to th i of Io - a. 1 cted to r pe it 

thi al ble re our e. e uld 1 · e t tend our th........,..,.. ... 
to the fo11ow·n dairie that opened their door and 
op ration t u : In onhe Io a the e in lude Mr and 

, . Te i · o Plainfield Jon and J ri K m of 
I · ein,,, and Dick Blough of · at rloo. In ortheast I wa 

w i i d th aa n Bro . Hoo.0 land an e ldheuizen 
an T rry · an 1an -n herd . The trip pro i d , he 

pp rtuni · ' i r th tud nt to i iz th prin iple of 
& • ·1 1 . 
11- , In ~ ffil no 

1 Ron Orth E p n i n Gr up 

ui din , nd . te m n m nt 1.n n 
I · · on and nditi 

n di n t th e m ntion d bo , 
harm l in u r pr n ti e, r in it d , 

intr du the'r ro to th ru n . Th 
re re en ti pro n hour l u on th 1 n'-,; n 
u e of the e too] in m · in ·. · -o t o he 
r pr entati ,e al o r th r d 
addition in _ht int futur pr ion I ar r h i e * 

Thi gment popular . ith the . tud n d ill 
p nd -d n t ear v.there po bl . 

fina1 obj ti o lhi [a, i toe po ud nt to 
man d iry pro u tion m di 1n pra titioner p · 1 
not nl fr m the ubje t matter di _gno tic and trou I -
ho · tin° ar a but al m th lit t le p r p ti Ho 

do I: 1 ind tim to t th·, in· 2) ind pr ti that wi J 
allo thi · (3 con · ince m future panne U m 
amil · bout th tim ommi nt ). Th are equall an 
ometime , more important i ue f ing young 

p1: ·tioner . 
tu dent r i - · following the our re e · 

fa orable and h . d good ugg tion . that w uld lik to 
1n orpor t n _ t ear. The e in lud d r,eque for mor c _ 
_ udi . o ~den can folio the thought race ses that 0 

into d1 gno 1n herd problem . e - ould Ii e to add 
more computer I b tim to pro -ide hand -on experien e 
· ith o are tool of the trade uch : the Com II ni . · 

Interac i e Bod Condition coring CD D1airy . amp •O 
P art partan Ration Analyzer, an _ th ational Dai 
D ,b _se. e an to en ure thal our tud nt ha ome 
con ept of hat the e tool will do for them and th ir 
clien and b xpo e o th e plos1on o inform.a ion · _ t 
i a ail le to them through a comput and mod m. 
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Dairy cienc Exten ion e e a di ers clientele that 
range from dairy producer and their families to milk 
proce ing-plant field taff from eterinarian to 1nancia] 
lend r and from youth to representati e from 
agribusines e ,. The primary objective of Dai , cience 
Exten ion i to pro ide r earch-based information that 
enable clientele to make infonned management deci ion . 
This mi sion of education and tran fer of technology for 
clien i accomph hed through a arie of form.a 
including one-on ... one contacts meetina workshop 
magazine article and other publications. The ariety of 
opponunitie pr vided by Dairy Science Exten ion for cli,ent 
education is almost as diver e as the clientele. 

Dairy Team 
Histo : cally state extension speciali t in dairy cience 

and v t riaary medic·ne ha e worked clo ely the dairy 
team" to develop cooperati-. e educational program for dairy 
producer in Iowa. Ho ever11 during 1992 Iowa tare 
University xtension ISUE as reorganized nd · field 
pecialist position wer created to provide a local ource 

of subject matter expertise and education for clients in multi
county areas. Dairy Science Ext n ion .eized the 
opportunity pro ided by the reorganization of I UE to 
de elop a br1oader•based agricultura1 dairy team. (Table 1) 
for p]anning developing, and irnp,]ementing educational 
programs. The' dairy team was developed to erve cli.en 
in northeast Iowa primarily becau e , o-third of the state 
dairy cows are located in thi area. Program, de eloped by 
the dairy team serve as a model for dairy program offer,ed 
in other parts of Iowa. 

The dairy-team approach continue to evo1 e toward a 
goal of developing a truly integrated approach for meeting 
cHentele need . Current interdi ciplinary efforts are targ _ ted 
at develop·ng a erie of trategic Ad antage~ wor hop 
that iU help producer identify indu try trend , the 
trength and limitati,on of their farm bu ine s and th n 

develop a str tegic management bu ines plan ihat win he]p 
th m focu their efforts and be competiti e in the future. 

du cation Programs for Iowa Clien 
Primary deli- ery of exten ion education continue to be 
through xtension- ponsored m etin sand one-on--one 
contac (telephone cal1s and face-t - ac isitati,on) · dairy 
team member conduct more , han 500 individual farm vi it 
annually to as 1 t producer in identi - ino nd ol 1ng 
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. State Spe ialists 
M.A. Faust, Breedin and Genetic 

. R. Hartwig Ruminant Veterinarian 
L. H. Kilmer 'utrition and anagement 
L. _ . Timms Milk Quality and Reproduction 

gri ulturaJ ield peciali t 

P. . Brown Farm anagement 
T. J. !"larvey. Dairy/Beef & Forage 
B. J. Lan0 Row Crops & Forages 
D. J. Me er Agricultural Engineering 
D. R. Thore on Dairy/Beef & Forage 

'IS Extension peciaJi t · for Related Areas 
B. A. Berna Famil . Life 

J. purlock Fami1 · Resource Manag ment 
M. S .. Holz-Clau e lndu try ... alue Added g. 
W. S. LaGrange, Food cience 
S. . choll Community De elopment Spec 

_M. R. Wille~t, Manufacturing Specialist 

problem that are limi ina production, efficienc and 
profi ability of their farms. For the majori of 8.fII1 visited 
factor . limiting efficiency producti ity and profitabili 
most are the quality of milk produced and the facilities 

h re animal ,are hou ed. · uttition and other management 
i ue are principal limitation · for the remainder of farm 

i ited. isits to fann usually include I tate and field 
peciali agribusines personnel and I' tudent and, as 

a re ult thes - i its e e as a unique opportuni to pro ide 
hands-on education for clientele. RecentI there has been a 
dramatic increase in the number o individual and .2roup 
requ tine, ISUE as istanc or planning herd expan ion 
remodeling exi ting facilities or stabli hing a new dairy 
operation. Dairy team member ha worked with over 20 
op ration to pro ide a i tance in cash flo and budget 
projection and the technical a _ pe o de ign construction. 
In addition an ad hoc Dairy T' k Force' as created in 
cooperation with industry and go emmentaI agencies to 
coordinate xpan ion effort and promote lO\\fa a good 
place t e tabli h a dai ~ operation. 

Currentl agri ultural bu in -e are increasing the 
rvice and l1e el of supp rt hat the pro ide to dai 

producer consequently the e e ice pro id r ar,e rap1dl 
· ecoming a pnme audience for dairy e t n ion program . . 
ervice pro- ider are able to ontact indi idual h rd o ner 

on regular b ,i mor fr quently than are e t nsion 
per onnel thu ice pro ider can , rve to multipl the 
transf:er of re ear _ h ... ba ed information from e ten ion to 



producer . T· o . t_n ion program th t b e been 
particular! su • e ful for pro din . re ·. ar h .. b · d 
information to ervice pro ider . are a 0 - rvice pro ider 
m · ting and th Prof ional Dairy Man g · ment min . 
Th ag- rv: pro ider m ti e ere de elop d th t 
diverse group of l ·nd r eterinarian nutntt ni t 
anitarians and arti 1 ial in emin tion · .t) p r onn 1 ou]d 

me t too ther and bar id . on method · or workin 
together to 1mpro e profi abilit for our dai producer 
-lientele. The 2-d long Profe , ion 1 Dair an gement 
eminar i a tale id du ation I minar for produ er 

and ervic pro id that ha been o u c ful that it no 
include du ator and client · from linoi Minne - ta .. and 

i · · n in. Other ooperati e program in Jud me tine 
o pan ored ith eterinary clini1 and barn m eting th t 

in al e .I. organiz tion and dai · breed o 1auon . 
Topic,· offered in 1997 includ d ffecti fib ·· r prot in 
feeding mastiti milk qu i reproduction. dai 
facilitie labor sa inl:) tip and update on ·nter teat 
le ion d · period m tI i and n hronized vulation A. 
total of 26 meeting as held in coo eration ith 20 
dt erent eterinary clinic in northeast Io · a. Th e 
partnerships between I _ UE and oth r in the Io a dairy 
indu try are mutuall benefi ial becau e re . ource and 
responsibilitie for eachine and audience recruitment can be 
shared. 

1 e of producnon and financial re ord continue to b 
ital for ucce o da· n erprise b cau e d elopment 

of an effecti · e plan for the future require_ kno ledge of 
pre iou · and urrent tatus. for the herd. E ten ion taff 
members work clo "el ith D to pro id clien · · ith 
information and deci ion ai packa0 e that are u . ful for 
herd decision making. E tension er onnel includin0 b th 
.tate and fi ld peciaJi as i t with edu ation program or 
field technician and conduct or hop de ign · d to 
educate producer · on use of records to imp·ro the 
producti ity and profitabili of their dairy herd b 
informed management deci ion mak.in0 . 

In addition extension taff member ark Jo 1 with 
numerous dairy-affiliated organization uch the Iowa 
Dairy Produc . ociation Io Purebred Dairy C _ttle 
Council, Dairy Lab Servi1 e ariou state dai bre d 
organizations and the Iowa Farm BuJieau. 

comprehensi e list of ex.ten 10n education pro0 ams 
for dairy clien · is beyond the cop of thi . report· howe er 
some of the more recent program ha e focu ed on herd 
expan ion grazino. production efficiency finan ial anal is 
global marke for dairy genetic t o-generati n a et 
transfer and deci· ion making. 

Cooperative , ultistate Education. Programs 
'The four upper mid 1e tern stat . of Io a, Illinoi 

Minne ota and isconsin have a long- tanding tradition for 
meeting annually to share ideas and plan program . The 
planning group con is primaril of stat and field 
exten ion dairy peciah and ha included eterinarian 
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agricultural ngineer agronomi . and farm managem nt 
p iali t at ariou . time durin° rec n year . ooper t1on 

amona dairy e ten ion peciali ts for the four tate . 
e ol d becau e the man gement · t les for dairy op ration 
in th e four tate were imilar and a re ult •educational 
n d for cJi nt . I o re . imilar. 

In· tiall e era I jointl · authored publication were 
de elop d· the in luded a feeding and nutrition buUetin 
nd t · o 4-H dai youth project book . vidence for the 
ucce· .· . thi nt ire m · b illu trated be t b noting that 

22 other t te ha e adopte · the 4-H da1r project material . 
Th fir t cooperati · program . a nutrition nd 
m. na0 m nt minar that pr _ nted once in each tat 
on con uti e a in 1989. compar ble program ha 
been offer d a)mo t annua11 ince th n and consists of four 
pre entations each gi n b · an e t n ion taff member om 
one of the coop rating . tates. Io a produc,er benefit by use 
of thi trul cooper ti e ppr ach becau e /"ith no 
. i0 nificant co t increase to them or to Dairy Science 
· en ion pr ducer are ble to ee and hear ne ideas and 

gain ac e . to pe iali · from oth r · ta~e .. our cooperati e 
pro ·.am wer planned nd pre ented during he pa· t ear: a 
2-day e pansion wor hop that w,. :ffi r din t. Paul 

din Dubuque·, a 2-da P r onn l anag ment Wor ... hop 
and 2-da pplied utrition C nferience in LaCro e, M · 
and fi e 1-da- em1nar t ariou loc tions in the four- tate 
rea1on. 

ational nvol ement 
Th I taff h· ·. · been and continue . to be acti e on 

national committee and projec . r. Faust . the p · -
pre ident of the . id- e . t ectio,n of the American Dairy -

cienc ociation .. Other in ol em nt has included active 
m mber hip or the AD. Exten ion and Education 
Program ommitt e U D ational Dairy Quali 

uran e com.mi tee the E ·- D ational Reproduction 
rkshop comminee the ationa] Dairy Quality urance 

Program im lementation te . ring committee . and the 
tional Ma titi- · Council e. • cuti e comnuttee. 

Other R spoDSibilities 
Ext n ion taff are in ol ved in other rol ithin the 

department and Uni ersi . · well. IS pe ialis 
frequent] serve as gue · t l cturer in ariou classes and are 
able to bring real- orld experien . into the classroom. Dr. 
L. L .. Timm a · odevelop r f . produc · n medicine 
electi · e block tor senior veterinary tudent ( C 413 1 and 
for Lac , ti n Biology (AnS 437). E ten ion p iali ts have 
erved a uue t le-c urer in An 434. An · 4 · 6. An 519 

and in other cour e . 
rom a re earch per p ti ten ion pecialis are 

uniquel position d to identif r al n ed for applied and 
basic re ar h · con equently three . taff ar,e memb of 
regional re . earch committ • . Dr. Timm , . onnibute to the 
project 112 Re istance to Mastiti and Dr . aust and 
Kilmer contribute to . 19 Dairy Herd Management 
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Rightsizing in the Iowa Dairy Industry 

M.A. Fau t o iate profe · or 
of n·ma1 ien 

D L-113, 

Introduction 
Th dairy indu try in Iowa i experiencino- a great 

deal o, hange latel . and one ard tick of change i: 
annual data ho ing an increa ing trend for larg r herds. 
The recent increase in herd_ iz ma be attributed partiall 
to ad antao:es that Iowa has o er other state for an 
economic climate that is agriculture friendly and 
fa arable proce or capaci feed pric,e . and milk prices. 
More important] , however change , ithin the indu try 
are occurring because farm familie are as essing 
criticall their farming enterpri ,es and are identify·ng 
their core busines . Farm familie that identi dairying 
as a core ,enterpri e then consider their long-term bu · ,ines 
goal the influence of factors b. ond the farm gate and 
a · ailable and potential resource for their dairy. A a 
re ult many Iowa farm families are making con cious 
decision to' ngh ize · their dairy operation. For -ome 
opera ions rightsizing bas m . ant eliminating the dairy· 
other operation have righ ized b maintaining their 
current herdsize and b improv1n0 their ,efficiency and 
profitability. Durin, the last few year rightsizing for 
many dairy operation in Io _ a h_ , meant combining o 
herds and adding cow . Objecti e for the Iowa tate 
Uni · ersity Dairy ' xten ion Team ha e been to de elop 
and conduct wor . hops seminars conferences and 
indi idual consultations for Io a dairy families and tho e 
who service these dairy op rations as they proceed 
through this serie ·. of deci ion . 

trategjc Advantage Dairy Workshops 
During 1996-1997. the Dairy Team conduct_d a 

serie of 3-da workshops entitled "' trategic Ad·vantaae 
Dairy ark.shops. Approximatel 40 Iowa dairy farm 
uni attended the dairy r lat d orkshop that were held 
· n ioux Cent1er Dubuque and Decorah Iowa~ or hop 

articipants con idered per anal family farm-related and 
e ternal factor that will influence th ir operation in the 
future. AI o they et indi idual famil and dai, rel ted 
goal that ere u. ed to determine future plan and 
tr. t gie that they can implement and which ill gain a 

_ ompetiti e ad anta0 e for the op ration. 

Expansion Conferenc · and Workshop 
2-day expan ion or hop was h d 1n Dubuque as 

· art of th . c ope ati e 4- ta e D t n ion roerams; 
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focus for thi work · hop w ~ Orowina Dai Profitability 
th.rough ,trategic Growth. ·· More than 120 dairy 
produ er and repre entati om agribu ine 
parti ip . ted in work hop e . ion th . t includ d 
di cu ion about . t:ili ie manure and t handlin,; 
managing financial ri k incoip rati.na O azing in the 
expan i n pro e , herd bio curity and bu ine 
o, ner hip and finan 'ing option . 'For 1998 the 4- · tate 
Dairy Extension oup i planning e pan ion conter . nee 
that - ill b held in Madi on , i on in on March 31-

priJ ] and New Ulm 1 ·inn . ota on pril 1 -2., 

Dairy Expansi.on Tout'. . 
More than 80 gained an in-d pth view of dairy 

expan · ion by participating in the 2 tour that were 
conducted b the Iowa tale Uni er ity Ext nsion Dai . 
T am. One tour vi · ited dairie in northwestern o a 
e tern South Dakota and we tern Minnes ta and the 
econd one toured dairy operation in 1ea · tern Wiscon ·· in. 

Herd ize for the dairie isned ranaed from 150 to 2,.500 
co , thu participant ·w 1ere able to ie and di cu · 
moderate- to larae-scale dairy operations .. For many who 
ha e participated these tours ha e provided an ,excellent 
educational experience· since the tours ome participan _ 
ha e begun expan ion . for own dairie and other , have 
concluded that an expansion would not be beneficial for ~ 

their operation currently .. 

Dairy Personnel Management Conferenee 
When evaluating strengths and weakne- e for their 

dairy operations currently, dairy herd owner indicate 
frequently that the need to de· •el,op add ·1ional kill for 
managing per onnel. Iowa State Univer ity Extension as 
part of the 4- tate Dairy Extension group planned and 
conducted the 1997 4-State Per onne Management 
Conference. This conferenc was held in LaCro se, 
Wi on in and included educational pres utation and 
cas st.udie on de igning employe position trucrure 
and organization of farm per . onne1 training for 
emplo ee and impro ina communication . Th 140 
attende for thi year c nfer,ence r 1ecei · ed an exten i e 
notebook of materials that can erve as a future reference. 

Iowa Dairy Task Force 
Io a , tate Uni er ity Exten ion h eea an acti e 

parti ipant 1n the indu try coalition tbe Io a Dairy T 
Force. 0th r T k or e member include repre entati e 
from Io . arm Bureau Iowa Area De elopment Group 
L. C. ortb e t Io a Power Cooperati e NIPCO · Farm 
Credit ervice the wa Department of griculture and 
Land Steward hip - . gricultural ar eting an Dairy 



Produc ·n p ction Bur _au Io Institute of Coop 
l a Banker ociation and the Io a Dairy Produc 
A ociation. any of the Tas Force member_ ha e 
work d ith dairie during expan ion projec and a 
re ult . m mb r are aware of several ob tacles for c owth 
- ithln the Io a dairy indu try . The e ob ta le · are 
di cu · ed during Ta k Force m,eeting and strategie _ for 
r,e olvin0 the e are defined. 

· o date th grou has de eloped material that can 
be us d for discu .ing _ nefi to communitie and dairy 
herd owners for growing Io a dairy indu try and for 
locating and expanding dairie in the . tate. - eral Task 
Force member tra eled to Californi and e aluated the 
implication of larg - ale dairi . s. I o the coalition h _ 
met ith repr · entati e from the Iowa Rural ater 

ociation and . gConnect an organization that aid 
current farm owners to tran ition fanns to pro pecti e new 
farmer . 

Th Iowa Dairy Products ·. ssociation in conjunction 
with the Iowa Dairy Ta k For e , upported an Io a Dairy 
Indus umm1t that as held in aterJoo. ore than 
130 communit . and rural economic de · elopment leader . 
attended tbi summit to increase awarene s and di cus th 
benefits to local economie from a viable 1 ocaJ dairy 
industry. 

ISU Workshop Course - Dairy Facilitie . 
For two consecuti e year the dairy teaching and 

exten ion group · at ISU cooperated to offi r a special 
workshop cour .. · on dairy facilities and equipment nS 
493M Dairy Facility and • · tern Planning. Forty 
profe sionals · n th dairy indu try and u per-, las 
veterinary and undergraduate tudent_ from ISU and other 
univer ities earned IS cour e credi or the 1997 
work hop and to da e more than SO have regi tered for 
the -anuary 1998 wor hop. Cow- e participan ha e 
traveled om Michigan orth Dakota~ and Oklahoma to 
attend this I-credit wor bop. The 1997 workshop was 
offer,ed on the ISU campu only~ and the 1998 workshop 
is being of ered at ISU and through the IC - in Sioux 
Center and Calmar/Cresco. Topics di · cu · ed include 
planning for the milking· facility building de.ign and 
co ventilation and manure handling and storage 

Local and Community Even 
Local and community groups inquire frequent! about 

busine . enterpri es that will stimulate local economies 
and member of the ISO Exten ion Dairy T•eam ha .e 
conducted se eral different educati 1onal acti ities about 
dairying and the dairy industry. Fi _ Id repre entati e 
from a dairy cooperativ atteuded one seminar to di cus 
i ·ue or dai expansion .. Rea]tors attended a econd 
eminar en "tled Why Dairy in the Upper Midwest.· 

I U E. tension coop rated · ith dairy producer to ho t 
two open hou tour . Th e dairy producer had 
incorporated unique waste handling proce and 
equipment when the had expanded their herd . One herd 
owner u d a flush y tern in the free tall barn nd 
i ncorp r ted a lid/liquid m.anure epar tor to reduc th 
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amount of solid in the two- tage lagoon. The other herd 
o - ner composted olids from the new solid/liquid manure 
eparator corn ta1 · and lea e and paper from a local 

r cycling center- th composted material wa used as 
bedding in the free tall barn. In addition Dairy Team 
members ba.ve discussed economic implications for 
communitie of dairy enterpri · e at numerous meetings 
, eminars and · or hops t at were sponsored by 
economic de elopment and alue-added agriculture 
commitlee .. 
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Strategic Advantage: 

Paul Bro n I U xten ion fi Id · pecial · t I 

Farm Man gem nt 

D _ L-114 

In 1994 I -UE field taff in north eientral and nonhe t 
Io a began to re pond to gro- ing concern among farm 
families regardina th long-term profitabili and 
compeuti ene of th ·ir u ine e . Two que · ons w re 
rai ed frequent! b. farm familie : (1 H do e tak hat 
i happening in agriculture and make profitable and 
competitive · hange in our bu ines ., for long-term uc e ? 
(2) Ho can w continue in agriculture and maintain an 
acceptable quality of life? e ra1 strategic managem nt 

orkshop , were held for wine and d · ry producer ~ nd 
their familie dunng 1995 and 1996. During th. ame. tim,e 
period I lJE informal and ormal need as e ment 
acti itie confirm growing fann family concern o r the 
future direction of their bu ines e . 

1brough the Stratemc Ad antage initiati I I ill 
ocus on h lping farm manager and their familie . : ( 1 learn 

and appl the prin ipl of trat gi management to their 
farm busine e 2) idenf and e aluate everal 1ong-t rm 
trategi1e - to increa e the profitabilit and competitivene of 

their fann bu ine e and the well-being of their families 
and (3) identify and acquire kill to de elop and impl ment 
ongoing strategic management in th ir fann bu ·· inesse and 
familje . 

I UE is in a ery trong po inon to talce leader hip and 
u e our unique strength _ in de elopino and deliv rina thi 
program I UE has the following critical lements to offer 
1 an inter-disciplinary staff to con ider both the farm 

busine s and the fann · amil · (2) the re earch t aching and 
outreach expertise to meld together managem nt and 
strategy with the realitie of agricultur technology and 
production practice · and (3) the field taff and re our es to 

ro ide farm familie with follow-up and upport to 
implement ne , tr,ategie .. 

During July and . ugust 1996 the trategic Advantage 
committee began the proces to formalize the concept of 
strategic management for farm f amilie .. A re ie of exi tin0 

lit rature and teaching material as conducted. 
Progressi e farm fami lie were · ntervie ed and ked to 
provide input on program d H ery method learn· g -tyle 
curriculum de elopment and _ trategic management 
concepts. ubcommittee. called th Program Team 
appointed to de elop a program and pro ide leader hip. 
The Program Team con i ted of l UE taff ·n economics 
farm ma_nagement, fanul life Ii esto k and 
communications. 

A propo al w prepared asking tate commodi · group 
farm organizations ag1icultural lending organizations and 
the farm media to join IS in de eloping the Strateaic 
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Executive Summary 

Ad antage pr gram. Committ e co-chair condu ted 
p r onal i· it ith the leadership in each organization. 
E h ommitting organization w .~ ed to name two 
m mber and their pou to rve on a De ign Team. 

De icrn Team m mber m et ·n Ames on Decembe 3 
IO and 17 with "" - ld purpo e .. Firsl to pro · de input in 
the d velopment of teaching material teaching outline and 
work hop format. Th ir input a . critic a and wouJ'd pla a 
ke · role in marketing the wor . hop rie . desi0 ned by 
producer for producers.~ econd the producer member of 
the De ign T am wo Id actual] work through or te t the 
fir t dr ft of the teaching material u ing the proposed 
workshop format. 

Forty- wo dairy op ration were r pr en ed at Strategic 
d antage dairy workshop held in Dubuque Decorah and 
i ux C nter. The Iowa Dairy Product ociation -erved 

a co- pon or Relationship 1ere orged with these 
participants th t · ill I t a lite-trme . . An intera tive te ching 
approach a u d with numerou hand -on acti i ti . 
D 11 cu ion and work acri riti, ere very engaginc,. The 
fann familie . came anting a better n e of bu ines 
dir ti n and le t ha ing tak n pe ific a ti n to de elop 
their o n trat gie for long-term ucce · . Whether farm 
amili er1e an FSA borro · er with 0 co or had recentJ 

e panded their bu ine · to 500 cow eryone gained from 
thi educational opportuni . . Field . peciali are currentl 
providing , ollow-up i tance ith orkshop participan . 

Tw nty-nine pork . peration w re r pr,esented at 
trategic d an age ine workshop held in Io a Cit · 

Io a 11 and Gri wold. The Iowa Pork Producer 
ociation erved a co-spon or. Program Team member 

panicip Jed in a telecont renc - ith the IPPA on March 10 
o e aluate the work hop . and ugg, t future changes. 

The Program T am and fir t year teaching teams met on 
pril 3 for a debriefing session. ugge tion , were made to 

perfi t teaching mat ria1 and teaching methodolog · . 

Field p ciali t made th1e commitment to onduct at 
least two work hop erie in each arm man gement area 
with I to 17 operation per workshop. A ·tate-wide target 
o re bing 450 to 600 farm bu ine e wa e tabli hed for 
the 1997-1998 program year. 

two-hour trateg1c Ad antage training e i n for all 
1s· staff w broadcast o er the ICN on June 9. Fifteen 
recei ing ite were connected with o r 125 taff 
participating 

Teaching material were finalized in Jul and Augu t. 
Top priority in de · ~n was to de elop mat1erial that would 
exhibit a high degree of profe _ ionalism and bed a positi e 
liaht on ISUE. e and inno ati . e pac . aging ,and printing 
techniqu ere incorporated. 11for -taff Only' eb ite 

a constructed on the I UE eh page for the trategic 
Ad antage Project in ugu t. 



. n 

. 
r m 1 r r 
nnt 

. 
I 

. . 
n n 1 I 



1997 Dair Report• Iowa State nivers1t 

Strategic Advantage: Comprehensive Summary 

Paul Bro n SU e ten 10n field -peci Ji, t Farm 
Manag ment 
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In 1994 . ISUE fi Id ta fin north entral and northeast 
Io ab gan tor- pond to gro in concern among .arm 
fanulie regarding the lono-term profitabili and 
competiti eness of th ir bu ine e . During the winter 
meeting season of 1995 and 1996, . e eral trategi,c 
management. workshop were h Id for win and dairy 
producer and their familie r pecti el . 

During thi ame im period I UE informal and 
formal needs as e .ment activities confirm !!rowing farm 
famil concern o er the futur direction of their busin e 
Two question . wer raised frequently by farm · amilies: (1) 
How do we take what i happening in agriculture and make 
pro'fitable and ompetiti e change in our bu in , for long
term ucce ? (2) Ho · can e continue in agriculture and 
maintain an acceptable quality of liie. Th se are trat gic or 
loner-term i sue that are be t add.re_ ed u ing strateoi 
management concepts. 

In March 1996 a cro s section of state taff field 
specialists and CEEDs·, program directors· and area 
directors met toe tablish ISUE 1ong-term program 
initiati . es. or agriculture strategic management as one 
of those initiati es. Statewide ISUE wil focu ·. 10n helping 
fann managers and their families: (1) learn and appl . the 
principles of trategic manao-ement to th,eir farm bu ine · es 
(2) identify and e aluate e eral long-t,erm trategies to 
increase the profitability and competiti eness of their farm 
businesses and the well-being of their 1amilies and (3) 
identify and acquire skills to de elop and imple·ment 
ongoing trategic managem.ent in their farm busines . ,e and 
families · 

ISUE is in a ery trong po · ition to take I eader hip and 
u e our unique · trength in. de eloping and delivering thi · 
program. ISUE has the following critical lements to offer: 
(l) an int .,r-disciplinary staff o eionsider both the farm 
bu ines and the farm fami1 · (2) the re earch teaching and 
outreach e p ruse to meld to0ether managem.ent and 
ttatec with the realitie of agriculture technology and 

production practice · and (3) the field staff and re ource to 
provide farm familie ith foHo --up and upport to 
implement ne trategie . 

In a and June 1996 th _ . trat gi management 
initiati e co-chairs and com.mi , ee , ere named. 

Getting Started: 
During Jul and . ugu t 1996 the trategic m.anagem,ent 

oommittee beg n the proce t forma ize the concept of 
trareo-ic management or farm familie . revie of 
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exi ting literature and tea bing material wa conduct d. 
Progr i e f ann families · ere int rvie - ed and a -ked to 
pro ·d input on program d Ii ry method laming t le 
curriculum de · elo, m nt and trat gi management 
con epts. The program nam trat ai dvant 1g 
el ted by the ommittee. 

propo al was pr c_ par d asking tate ornmodity 
group farm organization agricultural ]ending 
org nization and the farm media to join I UE in 
de -elopin0 the trategi _ dvantage program. Committee co
chairs conducted p r onal i its with the leader hip in each 
organization. Each committing organization ·w · a ked to 
name t . o member _ and their: pou es to serve on a Design 
T am. Industry support for thi effort has been strong. 

D sign Team m mb rs included two producer member 
and their pou e from the following organization ,: Iowa 
Pork Producer As ociation~ Iowa Dairy Product 
As ociation Iowa Cattlem,eni . Association Iowa Com 
Grower sociation Iowa o ean A o iation and Iowa 
Farm Bureau Federation. anagement personnel from the e 
organization ell as from th Io a Banker A ociation 
and Farm redit ystem also participated. The De ign Team 

a formed in early September and held an introducto 
meeting on S ptember 27 1996. 

A subcommittee called the Program T am as 
appointed to d lop a program and provid leadership. The 
Pro·m-am Team consisted of !SUE taff in econormc_ farm 
management famiJy life livestock and communication . -
prof es ional editor and designer eventual y joined the eam .. 

Developmg the Curriculum and Program. 
During October and o ember a fir t draft of the 

wor_ .. hop te ching and activity materials were developed by 
the Program Team,~ :n earli r ear ch for re ource and 
materials proved to b unfruitful The strategic management 
model de eloped b I UE for production agriculrure se · ed 
as an outline. 

proposed teaching outline was prepar d b the 
Program Team and sent to Design Team members for their 
input and re ie . 

Three Str tegi Ad -antage dairy wor hops were 
,cheduled in January and February at Dubuque Decorah 

and Sioux C,enter. In late o ember a formal brochure was 
designed and sent t.o the printer. The I Dairy Product · 

. ociation would serve as a co ponsor. 
De ign Team m mbers meet in Ames on December 3 

10 and 17 ith a two-fold purpose. First to provide input in 
the de ,elopmen of teaching material . teaching outline and 
workshop ormat. Th ir input as critical and ould pla a 
key role in marketing the wor. hop eries 'de ianed by 
producers for producer . econd the producer member of 
th De . ign T am ou actual! work through or te t the 



If th in m t rial in 
, r h nn .. tu l1 i th · 

nn r 
tt mpti 

n 
th D 

1 th Pr r m T m in 10 h 
t 

·gh pr du r 
th di . 

. 
n 1r ~ 

b! t m_~ n 
m nth th D 1g n indi id l 

r 

d ·d I on inue . . 
n I J •n 

· orh d an i h 1i r , lu 
n Lh d id d n l t mo IT 

tion t l n · d . In te . 
_pand th i · tin b 

I . 9 6 h o 
in orporat d i n T am u 
r omm nd tio int · d 

difi th r h p fi rm 
I am m h rien e th r 
ncorp t . 

Tore tr t  n 'Or h p r 
h u in bru h in II 

Gri In l e rmal 
d igned nd c-,e t to th · · Th I a P r r du r 

o . iati 
t ilh th 

. . di r d . n 1n 
) D c mb r. nn ing 
T am re m nd ti n 
loo . Te hin m ·a1 

. 
10 n 

a 
un 

ten i n O th d b fi re fir t th d i 
\ r h , 

Pil tin th Pro . ram: 
m , r cru n p . t prepar d r 

1 n in I . in r ruitin,_,. 
· 1ud i nl nd in in tru 

pl nt 1 tt r t ne rel . Thi p . 
t ap ropr" c l t n m nth in d n . 

Br chure f o th h p r pr id d f ur 
e r th · nafu th 

s in -- op b n t 

half e b or h ent. 
In I e m er~ n en 

ith 

a 

pro 
total 

f - iii 

1 arm r. tu 

n 
b 

e i tor 

nd 
d 

dtr ·n d ...., , . 

r p 
ilh the e . i th t ill 

p ah int r ti 
and ti . t 

. 
gin . 

. . 
u an 1 

n t de el 

. 
u n 
f mili 

· n a d 

u 
r due r 
l . n 

tim . 
1th u 

r I n -t 

. 
I l ~ 

u 

d 

h r iii r 11 F borro r ith 5 0 

r h d r nd d the r bu in t 00 0 

on thi u . ti nal opportunit .. 
-up t I h I ho th d 

. 
n t p · 1 1pan 

md 7 t 1 d ft r h ho .. 
nd d. n 

·a pl of a n r b n pr po d· 
r d id d t their d · ' op r Lion . 

' th k ho ri on t o-
n n i l h d c 1 r fir t il' meetin 

h1 d · hour . 
er J 

form ami1 . 
1mp 
n d i 

. 
rt - ner - 1 n 

eet' d . .id th 
qu tion . 
mil ' d ed h ' 

r pl h 

ih - h d eir lf t 
rial r pm 

om on el~ u om 

ul _ one ntr t o . 
m 'l ~in m re Y,l • 

th r e id d _ cu tom r . · d · 
h · · r oth i uld r uir 

d 

r t1 
[ 

Id I 

f ) 'OUil 

rlhuo n. 

p nd th i o r ti n. 
in r tir m _ n h h d JU t 

ner ti n annin 
n t d i ri 

. 
1m . 

d ur h eal d 

ntl , r ntin · th 
i th 

~,an d enr 
r pp1i nt. 

u 
lh . l 

m n · t di u 
- J n. 

"d th -
t n · n th i ni , o thi 

f tim hi h r · rit in h ir Ii 
ncdt I pr nnl 

m 11 . 
. h 1 r m r tir ment -nd h d 

n hi]dr n int mi b t · th ann t · 
lh ir bu 1n . Th , pl t nr,_11 

I nd n ·r gram. 
I n .. to ur h th 

nc .mntintni ~ - 1n0 nd 
uld pr id n th amil • \vith m r 

On 

n n . . 
rpn . 

u 11 d i d th 

nan i ,l 
·int ·n 

If 

. 
I lfl 

u·ldin - ite 

n 1 I i 
omth .· 

utili 
I n . 

0- 0 
m r i 11 

. 
n t 1n 

arm 



5. R cruited and tr ·ned 29 pork producer and their 
familie at thre,e s ine work hop -. 
6. For the dairy and ine work hop different end- f 
meetina e aluation er . utdized because the grou 
d nami . were quite different. The dairy familie were 
r cruit d by ISUE taff and ho e to a end freely. The 
partlctpan or the · wine wor hop w . re prim · ·1 
re ruited b the lo a Pork Producer Association. Mo t 

re part of an elite e aluation group who were invol d in 
critiquing ariou le el of the Pork Colleg, . Ther fore the e 
indi idual . came primaril · toe aluate rather than full 
participate. Wi - this in min~ the individual impa t and 
end-of-meeting e · aluation were quite di erent than the 
dairy orkshops. Program Team member participated in a 
teleconference. ith the lPPA on arch 10 to e , aluate the 
wor hops and ugge t future bange . 
7. The Program Team and frr t year teaching teams met on 
April 3 for a d briefing session. Sugge tion w re made to 
pedect teaching materials and leachin - methodology. 

ignments were made to add material for beef and cash 
grain producers. 

Field Speciali ts teams began individual follow-up 
consultation with participant b ginning after the 

orkshop .· ended and continued through the ummer. To 
purpn of these vi its was to as i t familie anal ze their 

trategic altemati es and begin implementation of the 
cho en alternati e. 

Preparing for Year Oue: 
Farm Management and Marketing Staff review,ed and 

discussed the Strategic Ad · antage project a spring in-
se ic,e training. Field peciali · made the commitment to 
conduct at least two workshop series in each farm 
management area with 15 to 17 operation per ork hop. 
state- . ide targ t of reaching 450 to 600 farm busine ses was 
establi hed for the 1997-1998 program year. Field 
Speciali ts agreed to, pro ide leadership in their respecti e 
counties for the Strategic Advantage project. 
Re pon ibHitie included: ( 1) establish local teaching teams 
con isting of farm management family life and appropriate 
livestock/crop speciali .. (2) decide upon the enterpri e 
focu ofeach orkshop· (3) schedule one day for a loca1 o 
regional training ess1on for all teaching team members· (4 
chedul lea t o Strategic Ad antage ·work hop within 

local area· and (5 de elop a ]ocal marketing and recruit
ment plan with CEED to upplemen state-wide effort. 

two-hour trat _ gic d antage training e s · on for all 
l UE staff was broadcast over the IC on June 9. Fifteen 
recei ing s 'te wer,e connected ith o er 125 taff 
pani1cipating. The objective _ of the training ere to re ie: 
pilot year accompli hmen futur direction of the project 
elemen· of ttategy wor . hop format, and mar etin~ and 
recruitment plan . 

In late June the co-chairs met ith the editor and 
de igner to finaliz teachina material . o priori in 
d hm was ode elop material that ould e hib"t a high 
d~gre of pror ionali m and bed a po itive li ht on I 

e . and inno ati e pa kaging and printing techniqu s were 

in orporated. a:tenal are xpe t d to be printed in 
Oct ber. 

Through th ummer month e eral promotionaJ item 
w,ere prepared and di tribut d. Fir t an oak-frame di pla 

de igned printed and m d a ail ble o each farm 
management peciali t. cond promotional b o hur and 
a . rylic-frame di pla po t r , ere printed and d · tri u ed 
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throughout the t m. 
n Augu t trategi dvantage i de ignated _, 

formal I UE project , der th ne programmint) 
i the frr t program l b de i0 na -d a ormaJ proj 
coming from the fi Id. 

a 
tem It 
t 

_ si month follo -up urve was ondu ted in ol ing 
the participants who attended the dairy and win pilot 
workshop, . 

A ''for taff Only" web site wa onstructed on th 
l UE eb page for the · trategic Advantage Project in 
Augu t. It is de igned to pro ide taff and teaching team 
with background information on the projec ·. upporting 
material teaching materials workshop date and bulletin 
board~ 

During September the co-chairs conducted persona] 
visits with the organization and commodity group that 
participated in the design proce The purpose of th se 
i i was to formalize networkino- marketing and recruiting 

commitments for the project Cooperating commitments 
ha e be n reached with the following oraanization and 
group : Io . a Farm Bureau Federation Iowa oybean 
A ociati n Iowa Dairy Products As oc1ation Io a Pork 
Producer ociation Iowa Corn Grower Association 
Iowa Cattlemen s A sociation Iowa Banker A · · ,ociation 
Farm Credit Services of the Midland . 

'ix teaching team training e ions were conducted 
during Augu t ept mber and October. A tota1 of twelve 
team were trained and they are prepared to deli er 
workshops aero the tat,e during the 1997-1998 program 
year. Again team member · con isl of the arm management 
pecialist ervin o as team leader along with the 

appropriate family life and cropnive tock production 
pecialis 

Year On Delivery 
Thirty Strat,egic Ad . antage work hop, have been 

· ch duled aero s the state for the 1997 199 inter m,eeting 
eason. A target has be,en et to reach at ie 500 farm 
amilie . wh want to improve the competitivene . and 

profitabilit · of their fami.l farm bu ines e , 
A · ta e-wide marketing and awar nes cam aign is 

e pe ted to b gin in October. 



What Iowa's Manure Law Means to the Dairy Industry 

. J. P r , i ant pr f - r 
of nimal ci nee 

D L-116 

rod tion 
In 1995. low ct Hou e Fil 19 · n i to - ..... ·-t. 

Thi pi o 1 gi lati n intend d to r c,,ulat on ned 
fe,eding o rations ill ontinue to ke a tor in 
d terminin future gro th a Io I e to · indu - . 
in luding the da· · ndustry. re ult o an in r ing 
elobal population on umin° a greater rce ·1ta0 of me t 
and dai produc in the d Hy diet ombined with le 
land a ailable for li e · k produ hon the tr nd in 

erican a . ·culture i to h e e er larg r Ii t k 
ope auons. _ t.hou0 h Hou e ile 519 i a 1 
that penain to confined anim I edi g op ra ion 
(CAFO) d · opera ·on do not ha e to b , , ry l ,g in 
ize to f e l the impact. 

· truction P rmi 

Oper uon plann · ng to construe. in 11 or modi a 
manure torag _ faci it n to d rennin if . con true ti on 

Table 1 c.onf1nement construction ermit 

<400 000 
>400 000 

>1600000 
>4,000 000 

400,000 [b=approx .. 286 mature cows 
1 600 000 lb=approx. 1142 mature cows 
4 000 000 lb=approx. 2857 mature cow'S 

anur M ,ana emen Pl 
onfinement op ration are pr hibit d fr m 

di chargin manure directl int _ n ac umulation o 
at r~ urface or ground. anure mu · t be cont in d 

eL we n p ri d of applic ion and ad quat tor t:'Je 
capacity · r manure mu t pro id d. · ddition l t r ge 
capacity mu t I e pro . ided if prec1pit ti n r t from 
oth pl ac ba ace to the tora e truct r . Pr en tj n 
of m nure o ertlo m t b pro d d b maintaining 
_ dequate , reeboard (earth n b · ·n 2 t· unr o ed forme 
tructJre l f. . - pen i d] tr 11 ttleabl 

lid prior di ch uing t r the late. R . inf all 

erm ·t mu t b obtain d rior to eginnino an 
. on trucuon. on tru tion rmi r quiremen appl to 
bo open edlot and on 1nement operations as ollo s. 

Open fi edlot permit thresholds. n op n feedlot i 
d fin d an nroo ed or paru 11 _ roofed h e. to k 

per 10n h re no eration crop foraoe gro h or 
o er i maintain d hil animal ar on ned. A open 
eedlot mu t b in a. co tru tion p rmit i. the fee · iot h _ 

-p i o 1.. 00 animal uni one animal unit-1 000 lb 
1i · i0 ht or 00 anima1 unit an manure i di -Chara - -

dire tl to a · t r th . ta or di charaed throug a 
man- de dr i tern t a wat r of the ta . 

onfinemenc operation pe.miit thresholds. D t rmination 
of permit requir m nt or a co in ment op ration is 

ed on imal w 0 ht c . a 1ty o th op. tion and 
p anned or . 1 un , rm of manure tor ge. ble l 
illu ttat th m . imum nim I i _ h · cap ci for 
op r tion with in m nur tor g fa ilitie . bo 'e 
the in . 1cated 1mal eight ap it for a ei n s ora e 

t m a partm nt o ur 1 R D ) 
con tru tion - enrut i quir d. 

No ermit needed 
Anaerobic lagoon 
Earthen pit 
Aerobic la oon 
Formed stora . e 
D stora e 

r ultinc fr m th I t . ra rain in 2 hour in -
nt ined. . U o rau , in luding op n 

fi · d rob' 1t d rn i ch cing t inkhol , 
publi lake or ulturaJ dr in a . . l . 

ll oper i n th ,t , r qu1r d t ht in 
'On tru (on p nnit mu t I fil a manur - man a m nt 
l n. dd1 1onall p r ti n n t r quir d to obtain 

D c n tru ti n p nntt but th t t r manur - in other 
than n Ju i l d rm nd that ho li t 

th r th ·· n c ttl - ith an itn l i,.,bt ater 
th n · 00 000 l are requir t 1 m m . meat 

1 n. i dat op r f on J " hi k n .. or 



hog_ e n if the number are fi - nou0 h to con titute 
per . onal-use animal . and all manur,e i not tored 

lu i ely in dry form a manure management plan mu t 
be filed if the total anima1 we· ght capacity xc ed, 
200 000 lb. - manure management plan mu t include: 

1. · omce , and quantiti1e of manur,e/ aste · ater gen rat d 
and nitrogen content. 

2. Optimum . raps ield and crop u a0 rate nitrogen 
credi upplemental inorganic fertilizer applied. 

3. A re.cordkeeping tern for maintain1n,g information on 
manure application location method timing application 
correction factor . 

. Land area requirement calculation .. 
Identified method . to reduce oil lo and potential water 
po1lution and odor nuisance. 

Manure sales A confinemen operation required to 
ubmit a manure management plan may ubmit a sale of 

manure · plan if the operation has a history of selling 
manure or it is considered common practice to sell 
m.anure,. In this case a. manure management plan must 
consi t of .. 

1. An estimate uf annuaJ animal production and manure 
olume or eight produced. 

2. The total nitrog n produced. 
3. A manure · ale £orm tating the name and add.res of the 

purch , er amount purchased crop ield and u,, a,ge rat 
application method and timing location and number of 
acre wher manur wil] be appli1ed and manure 
application rate. 

4. tat m nt of intent from the purcha er of the manure 
in luding name and addre of the purchase· statem nt 
indicating the intent to purch · e manure· the location of 
the farm and total ,· ... s available: and th pure has r 
signature 

~ R cord eeping for a minimum of 3 y1ear .. 

S·eparation Distances 
Confinement operation con tructing or xpanding 

are ubject to minimum separation di tance r ,gardle of 
whether or not the are required to obtain a D1NR permit. 
Open feedlots are e empt from. separation di tance . 
Minimum separation di tances are ba ed on animal w,eight 
c pacity and manure · tora0 e · ystem. Distances are 
rn asured from the edge of the manure storage structure to 
the neare c edge of the neighboring tructure (house 
chool park river. drainage w,ell etc . .. Tab]e 2 
ummarize di ·tance requirements. 

Table 2., Separation distances for bov·ine operations under lowa''s ma,nure law. 
Storage Body Weight !Buildings within Houses. schools S1urface 

Type (lb) incorporated areas churches and intakes ag 

Anaerobi'c 
lagoon 

1 Uncov,ered 
earthen pit 

Uncovered 
formed pit 

Confined 
buildi,ng , 

<1 600,000 

>1,,600 000 

>4,000,000 
<400000 

<i ,600 000 
>1 600 ,QQO 
>4,,000,000 

·<400 000 

Covered <1 600,.000 
1earth,en pit, 
Covered > 1,600 000 
·formed pi1 
Washwat:er >4,000 .000 
storage 

and public use businesses drainage wells 
areas (ft) unincorporated and sinkholes 

1 250 

1 875 

2.,500 

0 

1,250 
1 875, 
2,500 

0 

1,250 

1,875 

2,500 

areas (ft) (ft) 

1,250 500 

1,875 

2,500 
0 

1 000 
1 500 
2,000 

0 

750 

1,000 

500 

25 

500 

.500 

500 

500 
500 
500 

500 

500 

500 

500 

Navigable 
lakes nvers 
streams (ft) 

200 

200 

200 

200 

200 
200 
200 
200 

200 

200 

200 



Wat r ithdra al Permits 
Operation withdrawin mor th n 25 00 gall n _ of 

. ter per da 0 pd) mu t appl for wat r withdr wal 
pennit form the D ·. on idering lactating o 
t picall ' drink 50 ~pd nl , 500 cow cludin 
. oung tock and · hwater are needed meet thi 
requir m -nt Daine u ing flu · h_ d manur - handling 
· yst m will -picall u 120 gallon of ~ater per cow 
p r da . quatin0 to maximum of 20 la t ting o 

ithout h in t t in th at r u e permit. P rmi are 
granted fo up to l O year . _ - art of maintainin permit 
righ a producer mu t ubmit w t r u ag r ·port to th 
D . t r con rvation conditions and a w ter 
con ation plan are included in p nnit. dditionall a 
producer m be requir,ed · o onduct a controlled aquifer 
t t t , determine the eff; t on other water u 

The DNR doe reser th ri ht to re ·- tri t water u 
in th e ent of a drought or Jo al crisi affecting wa er 
supplie . Permit modification ma , be ma e if the 
permit ed well au e a water le l declin in an 
unregulated eU that e . isted prior to the penn · tt d 11. 
Ho e · r a water u ·· aae permit does protect the 
produc r' right t · water in the ev nt of future ubdi i 10n 
de , e1opm nt. If an unpermitt · d · ll i n tructed aft r 
dairy op ration p -nni their w 11 th n the dairy produc r 
i not liabJ 1e or interference of wat r u e 

Animal D1 po. al 
nimal carca e mu t b di po ed of ithtn 2 hour 

of death b ither a commer ial r nderi ng rvi e burial 
or incinerati 1n. The DNR erv th regu}ato g n y 
o er . ing animal di po · al. 

Burial. A permit or ani1nal buri -1 i _ aot r quired if 
care _ e are buried on land l _ ified b · the R I a 

, mod rat iy w 11 drained · or drier or on tile-drained 
lan . dditional1y care s mu t buried within 6 fi et 
d ep and covered ith a minimum of 30 inch , of oil. 
Minimum burial di · tan ar a follo - : 0 t rom 
ad· ac,ent property 'I l 00 ft from a pri at. ell· 200 ft _ om 
a public w 11 · and 500 ft from a n iehboring re id nee .. 

m 1mum o t o care e per acr . of animal o r 2 
month o a0 e are allo . d ith an unhmit d buri of 
animal le th n 2 month f age. Burial in a flo dplain 
area i prohibited. 

Incineration. Ith ugh a DNR p rm1t i not r quir d , or 
on-farm in inerati n, mi sion t . ndard mu b met. 
Incinerator ith a burnin cap . ity great r han I 000 
lb . per hour mu t not di charge parti ulate m tter in 

c f 0.2 gr in per tandard ubj foot adj u t d t 12 
p rcent c n dio ide. Incinerator burning 1 · th -
1 000 lb p r hour mu t en ur . ar · ul . t matter di ch 
l an O. grain per tandard u bi foot adj u t d t 
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12% carbon dio id . ll incinerators mu t emi isible air 
c ntaminan 1 · b lo · 40% opa ity mo hea ine 

u1 ance 
Operation . of ' ll , ize are ulnerabl to nui ance 

i . . ui ance ondu ti n idered . unreasonable or 
uni . fu) and au e ann yance in on eni nee 
di comfort or damag to oth r in the u e and enj yment 
o their prop . n thou0 h produ er compli · s ith 
all en ironmental and zoning I the pr, ducer ma till 

e h bl for nui ance. · nui anc de en e i provided to 
the producer under low . ' riaht o arm Jaw . If n 
op -r tion i · deemed to b , ithin n agricultural area 
e tabli hed b the count- then the operation h a 
tatutory den n e again t nui an I~ sui pro . ded the 

d iry i op rating within tate and federal reaulation and 
i not tound to be neglie nt Lik wi e~ the animal fi edina 
operation nui nee de en . pre umes that ordinary 
a · ultural acti iti do not rin a about lo . or detriment 
t a ec nd party. gain the def en e can not be u ed if 
th pro ucer i . found to1 b n a(igent in ompl ing · th 
tat and federal r gulation ~ D pite th · xi · ,t nc of 

nui e def n e pr du er houJd not c,on ider 
them el ,e bo , the la . The defi n e ar onl alid if 
th pro u er m e quali · ing cri ria. . 11 nui an e sui 
hould b _ tak n ,eriou l and prec _utionary measure 

taken to pr v nt th o currenc o(nui an ompl ·n . 
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Chemistry o Odor Generati,on 
Odor as ociated with Ii e tock op ration ma' tern from 

feed torage are . housing facilitie th animal and p rha s 
pnmarily manure torag areas. 

0 er 75 odorou compound in aryin0 proportion ha e 
een iden ·tied in li estock manure . The number i , much 

greater if all intermediary degradation orms of primary 
chemicals are counted. Group of primary odorou ompound 
identified include: olatile or 0 anic a id aldeh · de ketone 
amin s sulfide thiol indole and phenol .. All of the e group 

an re ult from the partial decomposition of manure. The break
down i accompli bed b a mi ed population of anaerobic 
bacteria comm.onl grouped into either acid formin° or 
methane-producino: clas e . The acid former are re pan ible or 
the initial breakdown of complex (odorous} molecule into 
short-chain ompounds including organic acid . The methane 
bacteria further reduce the organic acid to methane and carbon 
dioxide nonodorous endprodu ts) if conditions permit action by 
methan producers. 

An accumulation of the e interm diate metabolit re · ul in 
an offen i e- melting product whereas containment of the 
intermediate compound for · ufficient tim to permit methane 
producers to act comple el p rm.its metabolism of the mo t of 
the odorous ompounds to nonodorous methane. Bae ground 
le els of ulfur in ater al o may be a -ource of odor. 

Minimizing Odor Pote tial 
To minimize odor potet1tlal odor must be controlled b 

limiting or altering the formation of odorou · compound orb 
controlling the emis ion of odors. Source control can be 
approached through dietary manipulation or storage and 
treatment Emi-sion control is achie ed through torage or 
trieatmenL 

In a study with lactating Holstein cows a commercial 
product marketed as an odor- control produ t was fed and the 
impacts on manure odor and animal performance me ured (7 

o perf orman e differences were found bet een the treatment 
and control group i.e. milk i Id milk fat percentage milk 
protein percentage and oJid -corrected milk. Li · ewi e no 
difference in manure (urine+ fe e ) fece or min odor 
intensi ere found. Howe er . ammonia concentration in urine . 
fece ~ and manure was reduced b feeding the addi ·ve. Others 
ha e found that feeding specific ingred1en h been beneficial 
to odor. Watts and ucker (8) found that barle .. b ed diets 
resulted in manure that as le · intense than manure gener ted 
from feedlot cattle fed sorghum-based die . K llem ,et al (3 
det rmined that although ddition o agebrush to cattle ie 
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ineffective in hanging manure odo ddition f 
peppermint oil did reduce manure dor offi n ivene . 

ore work is ne ded in thi area.· howe er fe in° 
die which more nearly me t the ne d of an animal 
\\rithout ov rn eding nutnen pani ularly protein do 
d mon . trate a tend. n . o reduce manure odor (2 4}. 

alodor al o can be controlled if the a cumu1ation 
of odorous intermediate d gradati n metabolit can -

ecti . el controll d through inhibition of formation 
or b , pro- iding an en ironment that promo es 
complete degradation to odorle · or ow odor 
end products. 

Anaerobic digestion is a complete digestion 
proces that pro · de the additional ad antage of 
containing manure thereb pre . en · ng odor from 
beincr emitted during the dige tion proces . The result 
· a lo -odor effluent with th nutritive va1ue of the 
manure retained. Po ers et al. (6) ob erved odor 
reduction of over 50% after con entional] dige ting 
flu bed dairy manure at 75°F for 20 da s. fi . ed-fi]m 
dig ter u e a porou media for acterial attachment 
thereby providing a gr,eater population of bacteria in 
the dice ter. The e ult i a reduced digestion time for 
ucc ful digestion and hence lo er capita] 

1n e nnent b requiring a smaller digester o]ume. 
Power . et al. (6) ob erved imilar dor an 
p rfonnance between a fixed-film dige ter with a 2.3- -
da dige lion time and a conventional digester with a 
l 0-day dige tion time. Although anaerobi dige tion · 
often vie ed as not e onomi all viable thi treatment 
te hnology 1s a good option in situation here odor 
c ntr I i a primary objecti . 

Another approach to odor control may be to Jurut 
the nutrient loading of a manure torage/treatment 

stem. · olid separation ia gra i ettling chemical 
flocculation or mechanical eparation ma b u ed to 
try to impro e odor characte□s - ~c of stored manure. 

though Ii tt1e impact of olid remo al on odor 
characteri tics has been conducted resear h studying 
the e practices by using dilute dairy manure has 
demonstrated great promi e in remo ing nutrients, 
primaril nitrogen and phosphoro (1 5). 

dditionaII · odor intensi from anaerobically 
d1ge ted dairy manure that was fu t . ie ed to imulate 
mechanical . eparation was le s than un ie ed dige ted 
manure (6). 

Although commerc1al pit additi es ha- e received a 
great deal of intere t little da i _ availabl that 
demon tr te their effecti enes in the field. Power et 
at (7 added fl e commercial additive to anaerobically 
dige . ted dairy m, ure and undig st d manure and 
ound no effi ct on odor inten it . Con ,entr tion of 



arious me ur • chemical analyte commonly as ociated ·th 
,od r wer altered by product addition: how ver odor inten it 
w not improved. In fact one product w found to exacerbate 
odor. 0th r ha found that ome p oducts are e ,ecti e under a 
gi · en et of condition ~ Work conducted by D aine Bundy at 

Iowa tate Uni ,ersity indicate that som produc sh 
potential for odor redu tion. A eb i~e 
(http:// - .ae.iastate.edu) has been con tructed to provide 
finding from hi laboratory and illustrate the test conditions. 
Caution hould be execu~ed in choo ,ing a commercial pit 
additi e. Produc,ers need to be ure that the product has been 
pro en effecti e under conditions similar to th producer s ovm. 

Other m thod that might be employed to reduce odor 
include co ering manure storage areas and pro- iding adequate 
landscaping to h Ip trap odorou particles from moving 
downwind. 

Conclusions 
Odor control measure are an increasingly important pan of 

Ii 'e tock management plan .. Effective mean of reducing odor 
from dairy manur include anaerobic dige tion and pre-
creenin0 of fibrous olid . Although commercial additi es 

added to manure and feed altered concentration of odor 
constituents overall odor intensity was unaffected. More work i 
needed in the area of odor control to demon trate a cost-effective 
mean of controlling odors generated from live tock op rations. 
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dairies g t larger there is a trend to try to minimize 
crap in O' manure in four and i ro drive-through frees tall 

barns.. ome producer are flushing lh alle in t o percent 
loped barn to one or t ~ o earth,en torages. The earthen 

storage ater is r cycled to large ertical storage tanks at the 
top end of the building since it talces a lot of flush ater. Th . 
proble.m that has been de eloping is that the · olid build up 
in the storage .. l o in the pring when the manor torage 
o ,ertum · like a lagoon the rec cled liquid b come too 
thick to flush the alle with. This problem would e en be 
worse but dairy fanner ·· have mo ed awa from using a lot 
of beddin° io free tall · to mattr1esse whi1ch require very 
little beddmg. 

Two dairies in onheast Iowa are attempting to ol e 
this problem and reduce their bedding co . t at the · ame tim . 
Tb:ey have installed hquid/ olid mechanical ··eparator ·. The 
separators can take out up to 16% of the . u . pended olid 
(normally 62 to 83% ar,e uspended olid in dairy manure. 
the rest are dis ol ed olid . The percentage solid 
remo al can reach 26% where manure i , craped to the 
liquid/solid mechanical eparator. They are hoping to 
compost the olids and reuse them for bedding. In the 
Midwest this concept is new The winter condition and hi.gh 
summer humidi m~e thi task more difficult. low State 
Uni er ity has gi en legi lative odor-grant money 'to the e 
operation to assist them in ol ing their manure handling 
and odor problems~ I · U al o will be in · o,Jv,ed in helping 
them compo t their separated solids. The freestalJ beddin 
option wiU be e· aluated if the compost gets dry enough 
(35 % is, the ]owe t compost mo1isture level possible). 
Pres,ently ISU i . evaluating both forced aeration trials and 
turning the compost windrows with skid steer loaders on one 
compo,stin0 ite. 
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Th purpo - of th Iowa 4-H youth de elopment 
program i to h Ip youth become producti e citizen by 
de ,elopino skill that will ben fit them throughout life. 
The 4 H program mphasize e en kill : d elopment of 
a po iti e self concept· communication· d ci ion-makin0 • 

learnini0: how to learn· ability to cope with change· 
citizen hip· and I, ader _ hip. 

The Io,wa 4-H dairy project utilize dairy animal a 
tool - to generate 'nterest and enthusiasm to he)p youth 
develop the kills Ii t d abo e. -arious dairy related 
acti i · e and program, - ha e been d el oped to h Ip 
accompli h the goal of the 4-H program. Man of the e 
progra.111s are organized and conducted b paren 

olunteer leader and lo a tate Universi _ Extension 
field taffA 

Io a 4-H -nrollm nt has continued about lh same 
number (2 200) e en th 1ougb number of dairy farm - in 
Io a h - decreased. The Iowa 4 H Dairy Endowm nt 
continue to gro with over 98 000 in . e ted and 
pro eed , beina u ed t fund e eral on-going and ne 
acu 1t1e ach year including a one-hal tim summer 
intern in 1997. 

4-H Dairy Conference 
The ational 4-H Dairy Conference continue to be a 

popular and · -ell r cei ed ac · ity for older - outh with 9 
Io · a outh participan, in 1997. Io a has b en 
represented by at I ast 1 and as man as 12 outh each 
year . ince thi conference w initiated in 1955. 

hare• -Heifer 
Th bar -A-Heife program at the I , Dairy -arm 

continue o be popular ith outh who ar not able to 
a -dairy calf of their own. Thi ·_ ear 16 proj ~ _ t 

m mber - ork d a a team l · care for the proj t animal 
dail and then take th m to the tory Coun Fair. 
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- · ember learn about br ed animal el -·ction animal care and 
management and develop fitting nd howing expeni e. Other 
ounue hav reque ted information bout the d tail of the 

proje t. 

tat 4-H Dairy Judging Cont -t 
A junior di i i n continu d to be a welcome addition to 

the Stat 4-H Dairy Judging Cont st 1 .... coun team 
on i ting of 40 indi idual , panicipated. The nior contest 

had 1 team and 51 indi iduals comp ting for the opponunit 
to repr ent Io a at an out-of-state contest. The team from 
Dubuque Coun fini -hed fir t and later participated 1 n the 

ational 4-H Dairy Cattle Judging Contest that is held 1n 

conjunction with the World Dairy Expo 1n Madi -on . The 
top enior judges who were not on the inning county team 
participa ed in the -orth American International Livestock 
Exposition Youth Dairy C · ttl Judgin0 Conte t in Loui ~Ile 
K . These four outh --ere from Black Ha k Delaware 

ott and Winne hiek ountie . 

4-H DaJry Quiz Bo I 
The 4-H Dairy Quiz Bowl continue to gain intere t 

e peciall now that there are three a0 e di · ion to -n -ure 
more equitable competiti n. , ix team comp -t d ,· n the enior 
5 in the intermediate and 2 in th junior di i ion. The winning 
enior team .- om Clayton Count repre_ nted Io,wa in th 

national dairy quiz bo 1 conte hich as held in Loui ville 
KY~ 

Dairy outh Pentathlon 
Dairy Youth Pentath]on ondu ted at th 

-ational Cattle Congres after a very u cessful initial offering 
in 1996. Ele en t -am with 32 conte tant participat d ·o th 
1'997 vent. 

Other programs and acti 1t1e uch as tate Fair outh 
Dairy ho 4-H Dairy Production Conte_t and oa· . Youth 
Clas ic continued without major chanae . T o other 
ucc s ful rogram 4-H Dairy Roundup and 4-H Dai Camp 

r not offered in 1997 due to other commitmen - of taff 
who would conduct the act1 itie . Both e en . ill b of ered 
in 199 . 
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Dairy Record Mana0 ement formed b- a 
merger of Mid tates DRPC at Iowa tate Uni erity and 
DRP Ral · igh at onh Carolina _ tat ni rsity in 
-o ember 1996 and .. omplet din June 1997. ORM _ 

currentl proce e Dairy Herd lmpro ement s _ o "iation 
record_ on o er 1. 7 million co . s each month making it 
the largest velum proces ing center in the United · tates. 

Mission Statement DRM ·. ill provide member 
· ffiliat sand other cli nt with h1=h quality product and 
management service · in a cost ffecti e manner for the 
ultimate benefit of Dairy Herd Improv ment dai 
farmers. 

Service Region Twenty-five DHIA ervi.ce ,affiliate 
ith herds in 41 states, participate in the merg d operation 

of DRMS. ine,teen DHI . affiliate are members o 
ORM · and are invol- ed in the decision making and 
fmancial control of the organization. 

Enrollment The number of cows proces ed by 
Mid tates DRPC and DRPC Raleigh has steadil 
increased since 1970. The enrollment figure · for the 
merged organization sho- s a teady gr,owth. A higher 
volume of co , and herd·, for proce, sin,g mean a more 
economical cost for producer . It al · o ensures that staff i ~ 
a ailable to quickly respond to programming needs for 
DH1A reports or the PC:DART y tem u ed b producer 
DH! techni ians , consuhan - , and extension staff. 

. · ,upport and ervice Staff in Raleigh and Ames 
pro ide telephone support to DHIA staff so the can 
pro ide support in their area. Annual training meeting fo.r 
affiliate staff are pro ided., and DRM _ taff attends loca] 
meeting throughout the entice region to gain local 

_, po ure to customer ne ds or concerns AU herd are 
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proce ed in RaJei ,h·, but printing and mail 'ng of repo_'. 
om tber site en ure prompt turnaround of report 

Currently repo are mailed and printed in Raleigh 
Ame IA and Itha a . Maintain1ng xcell n supp rt 
and prompt -ervi 1 e as w 11 ta ing in touch ith 
u · tomer nee i top priori and major part of how 

the DRM mi ion stat m nt i achj v,ed. 
Mailed DHI report inielud ov r 40 prede igned Ii t 

and summarie_ as well as custom-desianed report that are 
color la er printed. Producer can choose betwee four 
fl;lOn th] reports with indi . id ual co · data, thre cow 
pages two .omatic cell count , ummarie n as a 
variety of herd data s ummari s. 

PCDART Dairy Management . t m i a computer 
software package that pro ide a compJete system to 
input monitor nd manage reproducti cc /hea1th change_ 
b -T prostaglandin body condition cores . heifer growth 
and many other .' pect• of the modem dairy. Herd trend 
graph and individual o caner plots allo 
compr hen_i e anal i . Enrollment in P',CD RT for 
producer current! totals over 1 060 herd with 390 000 
cow . More than 50% of these hefd (538 herds) milk le s 
than 200 cows. · bowing that PCDART is an ,e ential 
managemenl tool regardles ofh rd ize. PCDART al o ·t 
used by DHl technicians to input te t day data. 0 er 450 
con ultan . and eterinarian use PCDART to anal ze 
DH! data from client herd· ,. PCDART interfaces with 
:most automati milk recording y, tern for easy data 
tran fer. PCDART data also can b - transferr1ed to various 
analysis program including CTAP and DairyComp 305. 

D1RMS Advisory Board Six DHIA member 
producers and three DHI or extension s aff members 
.· rve as an Ad i o Board to advi e DRM · staff and 

approve major chan°es in programs or operating 
procedures. 

DRMS Clients: 

14 000 Producer with 1.7 million co. 1 recei ing full 
. 

er ice 
- 000 Producer with 200 000 cow . r cei ing hmited 

ervice from technician . oftware 
1 000 DHI technician using TPE and PCDAR T or 

technician 
1 060 Producer u ing PC.DART for 390 000 co -

450 Profes ional consultant acce ing o- r 1 200 
herd monthly 

265 DHI managers exten ion pecialists and 
county ,e en ion ag nts 

1 Member . ice affiliat 
7 Contract _ rvice affiliate 
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The o eraU obje li e o d iry cattle breeding r ar h 
are to gener te ne kno ledge and to pro ide thi 
tnformation to breeder in low and the nation. e are 
attempting to accompli h thi b · de lopin0 ne 
kno 1edge that iU be of lue in th future and al o h . e 
infonnation that can be pro id d to the bre dino indus to 
an we present-day problem . B au e ,o er 75% of the 
dairy cattle in the nit d tate are bred artifi ially our 

ork ill ha e more impact if it -. n e entually be applied 
through the artificial in mi nation (AI) indu try and . r, ed 
a ociation .. How er there i u uall a gr at deal of 
ground ork that need to be done before re _ arch an be 
applied on an indu try- id basis. 

Education o • undergraduate and graduate tuden . i 
central to our ervice to the people of Io a the United 
State and er the orld. We participate in undergraduate 
teaching and our breeding group h total re pon ibili ~ r 
graduate education in animal breeding and gen tic in thi . 
departm nt h . e thre specialization, und · r th · Animal 
Breeding Ph D. degree: quantitat1v 1e genetic molecular 
genetic . and immunogenetic . Within each of the e 
p cia ization studen tak - about the same courses and 

the ark on one or more re earch topic on the specie a 
heir choice. W,e ha- e had tudents that wor ed ·n dairy 

breeding tha have been in all three pecializ ·. tion but by 
far the mo t ha e worked in quantitative genetic, . The 
Animal Breeding group h reorganized the complete 
graduate curriculum.. . e con _ idered hat we had be n 
teaching and , hat w,e though hould b taught then 
reordered the material 'nto logical equenc for cour e 
and no we are tea hing th - e cour, e -. ome rev1 10n ma 
be nece sary ov r time but we feel good a out the cour e 
and the · r content. We also are teaching a beginning anima1 
breeding cou e over the Iowa Communi ation - ,etwork 
(IC to peopl in the tate. 

Per onnel 
People working totally or in part in dairy breeding are: 

Dr. . E . Freeman Pro e or 
Dr. P. J . B rger Profi_s or 
Da id Kelle Agricu]tural p ,ciali t 

Jay Beck, uperintendent gricultural R earch _ tation 
Mary Healey , tern eciaJi t 
Glor· Lantz Clerk IIl 
Becky ton , · Jer Typi t IIl 

The ollow1ng ar m- duate tuden , wher th · ' ar 
rom and the topi of th ir re ar h: 
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Mel in . uhn graduate tud n .. endon. IL Effect of 
prefer ntial treatm nt on ire and co e aluat1on · 

t e Kelm--■-2raduat tudent ater iJle, . E aluation 
ir for h Ith of their daughter · 
amal bd l-Azi~aduat tudent Cairo Egypt 

Maximum g1eneti oain u ing molecular marker as an aid to 
eliecuon· 

· ante :eril on-graduate tud nt icosa~ Brazil 
dju tin - record on cow milked 3 to a 2 .- basi for 

breeding e aluation · 
1e ani onca0 ul-graduat,e tud nt Tur ey Genetic 

pr, di tie>n of breeding ue_ in population under election· 
Chri Me er--gr duate tudent Io a City IA Recent 
tr ··. nd . and factors affecting til birth in Hal tein . 

Faciliti 
e are fonun •e t ha the herd at nken to use for 

re earch and where e perien e mana~ing th herd h · often 
pointed out problem that lead to re ar h pr 1 ts. Cal inc 
problems e perienced 1n the h rd led to the .al in° a · e 
e alu tion that are no - computed t I wa tate by Dr. 
Berger and ar d1 tributed , ound h · orld. nother 
e ampl i ho to u e t 'pe core to predict herd life. Our 
initial urk relat ng typ core o h rd life augm -nted 
by · S -AIPL · · her the ire e aiuation are 1computed 
and the result i now kno n Pr dieted Tran tnitting 
Abilit for Producti i , e. uch of our ork r quire 
hiah- peed comput r with lar e memory. e ha ea great 
deal of computer apaci in th depanment. In addition the 

omputer in the Durham enter are a ai1able. These 
faciliti,e ar nece ary to do ornpetent wor in dai 
breedin0 • 

ew in _ tigations 
ha · arted on me n w ar a of in estigatio:n 

that r late t ari 1ou a , pe of molecular g · n -ti · and h 
it c n b applied o dairy , . r1e din . ole ular c ' n tic1 ts 
-. orking in th laborat ri ind location ·n the D of 
ome famiH or lin · . that dif from th D of other 

familie o lin . The e p · .1 morphi .m in th D ma or 
ma not b o i · ted ith trai of _conomi importan . 
Finding - hi hare mark r for onomic tra· i 
de- eloping i n _. D termining hi h pol morphi m are 
m ~er 1 tati ti al problem. h imu1 t d marker 
.and 0 ene that ode for e onomi trai called quanf tati 
trait lo i · QTL) on chroma om -.in __ 'Om · uter. Th _ n 
u . ed ariou t ti ti al m thod · t find ·~ hich the mo l 

ffi i nt in lo atino the QTL~ U ·uall o · e famiJ cructur 
i u ed t . locate QTL. developed meth, that u half 
i . t .r familie the exi tin u ual .· p pul tion . ome of 

th m thod look good in eir power or abilit t dete 
QTL d other do n t · -em t a effi i, nL. h 
app,li d th · method · to dat that Dr. u Deni 
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e are privileged to be able to u e the herd at Anken 
for generic re ear,ch project of Jong duration. The herd 
members are Holstein . of which more than 90o/o are 
regi tered and carry the prefix I-O-State. We are currentl · 
milking approximatel 150 cow . Our total in entory of wet 
cows dry co and replacements of aH abe- i . about 360 
head. 

The milking herd i hou ed ~ n free _ tal1 barn that ar·e 
bedded with and. We ha e one barn that allows us to 
measure indi idual feed consumption on 40 to 45 co · s at a 
time. The remainder of the milking herd is hou ed in three 
con . entional free stall barn . and the cows are fed in fence 
line bunk . Milking is done twice a da in a double-5 
herringbone parlor equipped to electrooica1ly record and 
collect milk weight at each milking .. 

Bab calve are h,oused in indi idual 4 feet b 8 feet 
pen until after the are caned. Thes,e pen are easily 
dismantled for cleaning and di infecting b -tween occupants .. 
I · cal e are doing well and eating dry food the are 
weaned at about 4 we ks of age~ After weanina~ calves are 
plac d in groups according to their ize and are rotated 
·through a erie · of group pen . H ifer are initially bred at 
14 month of age if they ha e reached a body weight of 750 
lb. Cal e po -weaning heifer and dry cow are kept in 
loose hou ing. 

Com iJage i produced on the re arch farm and . tared 
in bunker silo and bag ,. All other feed tuff , including 
oncentrate mixture , hole cottonseed corn gluten urea 
upplement and bay are purchased from out ide endor . 

Ha is purchas don a qual1ty ba i by u-ing penaltie and 
bonuse b, · ,ed on r _ lati e feed · alu (RFV) and percent 
moi ture to arri at a final purcha price Concentrate 
mixture and upplements are formulated to meet our 
pecification .. 

All anima] ar _ _ ed one of e eral di eren t total mixed 
ration TMR . The milkin0 herd i fed one of tlrre 1MRs. 
The e ration are formulated to u tain igh medium and 
lo le el of production~ 11 cow and heifers recei e the 
m dium ration or the fir t week after they c l e. The are 
then mo ed into the p n recei ing the high ration. The 
r main there for the next approx·matel 90 day . regardle 
o their dail production. Th· s allo all o me o 
e pr _ their pr · d tion potential and -nables u to 
mi im1z bi - · n th - re ar h data. er chi time .. th 

s ontinue to either rec i !e the hieh ration o mo ~ d 
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to the pen recei . ing the medium ration based on their dail 
production. Thi no occurs at 85 lb./da for cow and at 
70 lb.Ida for heifer . Like i an animal s dail 
production al o dictate when h mo e from the m dium 
le el ration t the pen recei ing th low-le 1 ration. This 
mo e occur h n production drop belo 50 lb./day for 
co- and 40 lb.Ida for h i er . The farm . uperintendent 
has the prerogative to mo animal from meclium to lo 
ration at an earlier stage · hould these cow begin to exhibit 
ie ces i e body condition. 

Replacement hei er are fed a TMR formu]ated to allow 
them to.reach a. body ,eight of l 200 lb. at the time of fir t 

calving. It is our intent to ha e co . s dry off with a bod 
condition core of about 4.0. Dry cows are fed hay and a 
re tricted amount of a high 1ber-corn ilage diet that will 
maintain this body condition through the dry period. 

oundation co · for this herd w re purchased as open 
heifer from 38 Io · a breeder as beginning in 1968. The 
primary focu- of the re earch through 198 as mil ' 
production achie ed u ing bull whose proofs er high 

ersus tho e who -e proof ere br ed average. The current 
selection experiment began with in eminations made in 
1986. Cow . and heifer - from the milk election p:roject ere 
assigned at random to one of t o group . The election 
criteria for the t · o sire group · was the um of pounds of fat 
p1us po?Jnds of protein in their proof. One group of ires i 
the highest a ailable the other group i selected to be at the 
le el of the a. erage of the br,eed .. 'The most recent rolJing 
herd a erage eptember 1997 as 20 736 lb. milk 7-2 lb. 
at and 678 lb. protein. 

Cow in the herd ha e b en an continue to b u ed for 
a , ide · arier of exp rimental need in additio , to the 
aforementioned long-tenn geneti study. Thi 1s achie ed 
because e collec -complete health gro th and production 
data on all animals. These animal are member of t o 
contrasting election Jine that, because of the herd · origin 
r,epresent th national Hol tein population. Data generated 
b the herd ha e been u ed recent) to tud -: • · I) 
mitochondria function· (2 genetic - of immun function, (3) 
how to genet1call alter milk omposition~ (4) genetic 
differ~ nces in the normall circulating growth hormone· (5 
change in bovine leuko -i and any aeneti influence on 
bo ine leuko -is iru · under nonnal herd managem,ent· (6 
han°es in health and reproducti p rformance . r lated 

to g neti difference : and (7 feed ffi i . nc in · o geneti 
line and in dif er . nt maternal families. In addition th herd 
al ow tuden from the College of e1erinary · edi ine to 
be trained in repruducti ~ e medicine. 

The city of nken- h begun . on tru _ tion of a north
,outh ac e str - t through the Uni er i , prop rty t 

pre nt, thi con rruction h no effect upon our re . earch 
but i m · ignal utur changes. 
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Summary and plica · o 
Genetic e aluation urr ntl reli olely on produ tion 

re rd of o . It i now po ible howe er to determine 
ome of the a tual gene that an animal carrie . Th, · tud.., 

looked at one particular a that this ne · p of gen ti 
information might be u ed in a br eding program. The 
approach considered here was to impl incorporate th 
genetic information into ach animal genetic alue 

timate e.g. PT ) and then base choice of br ding to 
on the e ne · genetic ue e timate . This approa h to 
usin0 this ne genetic information resul in great r gen ti . 
gain in earl ears compared · ith ju t u in,a produ tion 
r ord but l s g netic gain in the Jong run. Th primary 
implication is simply that further con ideration need , to be 
gi en as to how best o us the new genetic information. 

Introduction 
In the past it a not po ibl to dire, tI determine 

e ac ·Iy what 0 ene an animal carried and e timation o 
genetic alue (e.g. PT -J h relied ,sole] on th u e of 
produ tion record . 'e labora o t1echniqu ho e er 
allow for determining ome of the actu I gen that an 

animal carrie . These gene are called quantitati trait lo i 
or 1QTLs. 

There are many different way ~hat thi QTL 
information might be used in a breeding program. The mo t 

traigh forward appro . ch ould be to ju t impl 
incorporate that information into ea -h animal 0enetic 
e aluation and then ju t ·proceed as _ sual . In th r rd 
till base hoice of br,eedin0 stock ( ire fore ample) on 

e timated genetic alue (e.g. PT ) but no the genetic 
e aluation would al o include the new Q1L information. 

When u ·ng thi . approach one important point to be 
in mind i that th re ar man genes affecting trait uch a 
milk ield and on1y a few of the e g ne iU b kn n i . 
the ne laboratory echnique . Therefore, production 
record mu t till be u ed in conjunction with th QTLs to 
es · mate an anima ' genetic alue · therwi e the other 
unkno · n genes affecting th trait would not be included 

in an animal genetic alue estimat . 
The main objective of thi research as to compare the 

amount of genetic progress obtained in both the . hon and 
ong term hen genetic e aluanon do and do not includ 
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TL inf: rmati n. · _ con ider th · ase here only one 
g ne (QTL) i known. 

at ria and thod 
Fir ta not on t n . In animal br · d'na th 

proce · of hoosing hi h ires o u ·· and hlch · o to 
u e to produ new female r pl a ements i alled 

el _ction. ' ou ele t whi h bulls to u and which ow 
ou d like t ha e producing ne female repl c m nt . 

One approa h to addres ing the obj ti e of thi 
re earch ould b o s lect oine et of cow and their mate 
ba ed on estimated cenetic alue hi h d not include 
QTL information then t e another et of c ws and do th,e 
ame thing e c pt b e , election deci io · one timated 

g n ti alue hi h h e in orporated t e QlL 
informa on and at the end ju t look and s e which on did 
better nd b how mu h. To u thi approa h with actual 
h nim - ho e er ould be prohibiti el costl · both 
in erm of time and fman i I co · . ortunately it i 
po · ibl to rogram a comput r to imulate (or imitate) th 
am thing that would happen if r,eal CO· and bull would 

ha e b n u ed nd o this simulation pproa h as u ed in 
this study. 

To ummariz ~ the method u ed to compare g n tic 
progr o tain d · ith and without QTI... information 
follo 

• imulate data and b e] tion on 
u _ of records onl 

• imulate dat and ba e election on 
u e of r cord and QTL information 

nd then j,u t compare hich approach r ulted in the 
greate t 0 enetic gain over time. The imulate and -elect 
tep a _ anied out or a total of 30 creneration and 

I,.; 

amount of 0 ain or e ch approa h. w, d termined at ea h 
genera ion. , ote that u e o record ., for dai bull would 
me , n for ample u e of emaJe progeny re ord · . The ke 
di tinction her . i ju hether record on1y are u ed or if 
re ord nd QTL information are u ed when making 
election deci ion . ·election ba -ed on r rd onl ill b 

call d ph notypic selection whereas election based on a 
c mbination of record and QTL information ill e called 
1QTL e]e jon. 

Results and Discussion 
In general .1L election re ulted in the mo t genetic 

gain in earl g er ti n but then pheno pie lection 
cau0 ht up and in th long run mo t genetic gain 
typicall made b phenot pi el ction Re all that there are 

tually man gene ~ other th n ju . t th known QTL 
ectin~ trai · su h as milk ield. The reason for the Ion~ 

•erm ad ant 0e of phenotypic selecti n wa ec u e it built 
up an ad ant .ae at 0 ene other than the QTL and QTL 



election ne er bl t c mp _ n at for its sa rifi eat 
the other g ne ~ B. i all then QTL elec ion re ul · in n 
initial thrust and bea . - out el lion based just on pr du tion 
r cord but then el ction based only on produ tion come 
back and in in th lon -tenn. 

It hou)d not how , r b ha tiI on luded that QTL 
information i not . orthwhile but rather impl that further 
. on -id ration need to be gi en to how to be t use thi 
informati n. om r ar her t I w tate for e ample 
ha looked t optimum w ighting of the information from 
produ tion r ord and a QTL wh n um ting genetic 

alue. 
Furthermore th approa h to u ing QTL inform tion 

1 on id red here ( . imp I 1n orpora it into ach animal, 
e tim . te of gen ti alue and then · el ct · u ual ) i •Only 
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ne po · ible wa to u e the information. Other po ibihtie 
uch a u· ing it i mating rather than election decJ ion 

al o exi t and perhap. hould b xplored. 
nother po ibilit ' might be to use Q1L in. ormation 

only to impro econdary trail uch as omatic ceH count 
or reprodu lion. G neuc improvem nt in rimary traits 
u ha produ tion could then rel on · election ba ed on 
e etic e aluation from phenot pie information onJ at 

least until the optima] u e f Q1L informa ion has been 
e plored f urth r. 

Gene affecting . rodu ti n and ther economically 
important trait ntinue to be id ntifi d and almo t 

a uredl · Ill pro ide n a enu · for bringin bout even 
~ . ter geneti · gain than ~ s curr ntl oc u.ning. How best o 
u e the QTL infonnati n ho e er i . tiB under tud . 
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· ummary and lmplicati.ons 
The result of thi t d demon trate that Lhe random 

model approach perform ll h n applied to Quantit ti 
Trait Lo i (QTL) mapping in Ii . e tock population ith 
half-sib famil tru ture . The QTL are gene that actuall 
code for a trait of economic importance .. QTL ith large 
,effect . which account for a large pr,oportion of total 
phenot pie - ariation .. can be detected with high po 1er and 
accuratel located e en ith mi ing parenta1 marker 
information. Th,e method howe- er, fails to pre i el locate 
a . mall Q1L especially when the ,QTL i clo e to the end of 
the chromo omal ,egment. 

Introduction 
D1r. K hrli characterized the irnmun profile of 60 ire 

now being progen te ted b · 21· t Century Ge.netic . Th 
objective 1s to rank -ire for health of their dau0 hter in 
producers herds. Producer ar,e recording h alth inciden 
of dauabters to determine how ell the immune profiles of 
their sires actuaU predict daughter · health in the ~ Health 
Trai , Project~ 

This study was started with the anticip :ted u e of 
molecular markers for heal th traits to follow up on the 
Health Trai Project. e ha e collected blood sampl , as a 
source of D A from a man of the daughters of the test 
bull as we could and al o collected blood rom the dam ·· o 
the daughter of the te t bull . It i difficul t and expensive to 
collect record and u e al) the health problem that 
daughters of sire . ha . e in c.ommercial herd .. Determining 
the immune profiles of , ires would be much easier~ Our 
question in this work w• ,- could we use the normal or 
1e 1 ting half-sib family tructure to locate marker for 
health traits and with . hat accuracy could e find marker 
for the QTL for the health problems. 

atena.l . and ethods 
The random model pproach i ba ed on the phenol pie 

imilarity between genetically rel ted indi idual ~ The 
similarity b tween relativ1es can be thought of a one here 
a fe genes or QTL affect the expres ion of a trait The 
econd part can be thought of as man gene ,each with 

small eff ct that also affect the trait but th1e affec of the 
many indi idual gene ar, not kno,wn This approach U ' e 
t e inf ormarion that the more clo el animal are related the 
more the should produce aJike. 
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Th id a that the more _imi]ar family members are the 
m re th shoul · be alike was not ne . but we d eloped 
the th ory that w needed to apply th·s toe ~ ting dairy 

cattle population and al extended the theory to in lude 
use of inform tion on · her of the al e , h~ n all 
mother had data and when om of th data relat d to 
mother · · ere mi . ing. The mother referred to here were 
th-' ow th t w re bred to he bulls being u ed in the H _ alth 
Traits Proj -ct. Thi th o can be used in g ner l but it al . o 
appli dir ctl to our Health Traits Project. 

The method that was u . ed to test the theory thal wa 
de- eloped w ·. to imulate 0 en s on a chromosome in the 
computer. In addition to the gen s that we as urned to be 
coding for effects or the QTL,, where we knew th1eir 
location on the hromosome we also generated marker 

0 ene , t . ing di tances from the Q1L. The Q1L and 
mar er g nes were located along th _ length of the 
. hromosom . Thu ,, we knew the location of the QTL and 
thei.r effec . on production and we aL o kne . where the 
marker a nes were located. W 1e al o u, ed different level of 
h ritabili ., o that could make inference to traits itb 
different le el of heritability. E ample . are: low 
h ritability of about ~05 to 10 for reproduction medium · 
le el , of bout .2 t 10 35 for milk and protein pound · and 
higher le el of .5 to .6 for percentage · off at and protein. 

fter al] w programmed to run on the ,comput r. ·we 
applied 1our id as o determine ho ell we could find the 
QTL b - u ing the markers. This i a ery computer-
inten i e appli ation and we used hundred of hour of time 
on Iowa tat1e large work stations. 

Results 
The r ·sul . bowed that i the QTL wa located near the 

end of the chroma ome that he e timal of the location of 
the QTL wa bi · ed and this Vir' . mos pronounced when 
h ritability was mall. Al -o the e timated effecl of th. QTL 
· as underestimated. Ho ever when the 1Q,1L was not on 
the end o the chromo ome th stimation of\ her1e the QTL 
was located and the effects of the QTL were unbia ed and 
the method performed ery well In all case , it I easi r 
to find the ,Q1L and ,e timate its I ffe,ct when heritabili as 
at ·m.edium or high le el . 

e of information that the dam brou0 ht to this 
ap roach aJ was investigated. Information on the dam 

contributed minim Uy to locating the QTI.. or estimating the 
effect of the QTL on h trait. Thi i because e onl have 
one ample of D A from the dam as oppo . ed to a sample of 
D A from ,e ch daughter of a sire thu half- ib data are 
mor u eful to locate and characterize the effec of QTL. 

an icipate the . re _Jts ill be u eful to us in f utur 

ork and to other cienti t . Ultimately th producer · and 
consum r . ill b nefit. 
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Fe d is the large t ost of production for mo . t dai ·. 
producer . Y,et because of the difficult and co t of 
mea uring the f e d intake an refu . al few i · an · 
produ er can afford to d ·tennine feed efficienc on th ir 
cows. There i re earch that indicat s that feed fficienc 
i ncrea e as production in ere e . Much of thi or k a 
done where cow er,e fed stri1ctl according to production 
and probabl doe not now appl hen cow ar allowed to 
eat all he can con ume. Further much o , he data that 
indicate thi trong po iti e correlation between fe d 
efficiency and production were from trial ith fe 
number · and the cow did no't continu for a complet 
lactation. Even . o th,ere i Ii tie doubt that in general thi 
strong correlation doe exist b t een !!Tass-£ d effici ncy 
and production. 

s we sel ct for higher and higher production 
unan wered que tion remain: e e impro ing feed 
efficienc Are we actuaII- not changing feed ef 1ci nc or 
Could feed effici nc b d creasing? · e completed a lon0 -

tenn selection experim nt I Ankeny where election w 
for hi · h and average milk. This wa done b. electin° th 
highe t bulls for predicted tran mitting abili'ty PT ) milk 
and bull with breed a erage PTA for mll 1

• The g netic 
difference in the two election lines as 2 900 lb. of milk. 
Th cow were fed and managed alike to the best of our 
abili , . An intere ting q e tjon 1. · hat a 1chan ed in th 

cow · to account for thi large difference .. Whil thi 
experiment was being onducted we di not ha e acilitie 
to measure feed effici enc . 

M.atenals and thods 
We tart d a new selection xperimen by randomizing 

cows from the milk-only election experiment in o two 
group . One group i being bred to artificial in emination 

· I bull that are the highest for PT A for combined pound 
of far plu protein and the other group i ein0 bred to breed 

a erage AI bul1 elected for PTA for pound · of combined 
fat plu protein. e no ha e ·acilities for m asuring feed 

on urned and refu al at th Anken dairy. We ha e 
m ·asured total lactation feed in ake on about 150 cow at 
the beginning of thi fat p1u protein selection experiment. 
A . time progre _e 1e ill mea ur feed efficienc again 
and detennine hether the diff rence generated by 
selection are ju t becau e the high co . con ume more or 
be au e el tion produc more ubtle metaboli change . 

e ha e a 4 - tan barn that has Cal an gate in talled. 
Wh n e are collecting f; ed intake ea h cow has a 
transponder around her neclc and on ' the one gate is 
programmed to open for one tr nsponder. Thus the feed 
that each co con ume an be determined b eighing the 
ieed into ach teeder and weighing refu ed feed. We ha e a 

cart that allo automation of mu h o the work of gettin · 
indi idual eed intake. d w . , w ighed to the co . s for 
t · o feedings per da and ref u al were eighed three time 

er wee, . F ed fed nd r fu ed · as , am.pl · d each we k 
compo ited a . ro. 2 we k , nd determination of feed 
ingredien _ - ere determined on the ompo ited 2 week 
ample . B d eight and ondition core were taken at 4 

ek interval b Ja B.eck and Da e K Ile . Three ration 
were d. 11 cow and h if r are ed the mo t nutrient 
int ns ration after the calf. Thi en ure that all cow· h e 
an equal opportuni to pr,odu -e nd they are · igned 10 

lot with l _ con ntrated ration a . the drop in 
production. 

e ha no compl ted the fir t round of determining 
feed efficien · . . The g te ha e been taken out of the barn 
and the barn i now op rated as a normal ee-staU barn 

ith feed fed in front o the po . th _t upported th Calan 
gate . 

Resul 
ha· ummarized ome of th,e re ul of the eed 

effi ienc dat . ondu t d a dig ,tibilit trial on 2 
cows for th t o · le tion line . Tuer ere no ignifi ant 
difference bet e n el · tion line . Line h -,d n th d tim.e 
to di r ce enough to dete t diffi r n e . The e data w ·n gi v 
a benchmark for futur r fe~en . The 1eraae. tandard 
de i tion and ran a for dige tibih _ ar ~1 · en in Table l. 

Table 1. Means and standard deviations for nitrogen d1gest1b1hty, dry matter di1gestibility, gross, energy 
digestibility and digestible energy. 
Trait Average (0/o) 
Nitrogen D1igest1biUty a .6734 
Giross Energy Digestibility 0.5651 
Dry Matter Digestibility 0.5640 
Digestible ,Energy (lkcal/g) 2.456 

3 

Standard Deviation 
0.0582 
0.0778 
0.0754 
0.3432 

Range 
0.532i--0.7711 
0 3834 0~6863 
0.3904 0.6912 
1.655-3.004 
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lotrodu tion 
In recent ar animal breeder: ha e recognized 

molecular genetic a a nie ource of information for 
g netic e aluation of dome tic animal . In general there 
are three o erlapping pha e for finding and u ing this 
information; 

1. 1nding and mappin° polymorphi ms in D A 
that ma· be potential marker . 

2. relating the polymorphi m to tra·it of economic 
importanoe and thu tabli hing mark r and 

3.. using these marker in breeding program . 
Th frr t phase i rapidly ad ancing. About 1 500 to 

2,000 polymorphi m are known in cattle. Mo t of the e 
po1ymorphi ms a.re not currentl known to be marker_ or 
any trait but ome are genes that are known to code for 
p _ ci 1c traits. Knowledge i · progre -1ng in th econd 

ph e in method -of determining which polym rphisms 
are indeed marker of econ mic traits_ For example, 
marker are known or gro th hormone the weaver 
condition and dump· . Little i known about how to u e 
the, e marker or selection of y . ung sire in applied 
breeding program , and how artificial in _ mination ( . I) 
buU haul be u ed 1n the comm rcia1 populat·on of 
cow to maximize gen tic gain b u in g marker . 
Simulation tudie ba _ gen rally hown 0 ain b .. u ing 
marker-as 1 ted I ction wer lar er than with 
on -ntional )ie, tion · n the frr few generation . 5 6 . 

Oth_r ha e hown that in lo cr term election gain are 
ahou th me (2). However none of the e tudie 
imulated current daL breedine rot:,ram and u ed 

different population · · tructure than in th - dairy indu try· 
thu the re uJ ould not be in erpreted relati e t toda-· s 
dai I r eding. 

Our goal er to det rm1ne maximum g netic g in 
obt ined by incorporating mark1

. r d ta in gen-tic 
e uation mod I u ed in current dairy breeding 
rograms and to om par thi · ith con·. entional 
lection. Th ptimum u of mar r information : to b 

tudied to determine ho t maximize gene ic gain. 

R arch outline 
e d1 ail . J that ha e tudied mark r-

i ·on ( t1 . Land and Thornp on (4) 
di fr rn th r u al ie point nd fi un 
h · im ro ed th I n ' _ -election imple 

t d 1 d , ... u non th e .ud t'e , 
l1 I dai br d. n~ thi pro ·e , 

M S is tudied in a . opulati n imilar to the Hol tein 
population. Gen r tion overl p and the be t . ire are u ed 
more th n ire · of low, r merit. 

Fir t the maximum e pected g in will be determined b t 

as umin0 that each marker i th coding gene then thi 
as umption ill be rel ed b allowing marker to be lin ed 
at arying di . tance fr -m the codin gene or quan itati e trait 
I ci (QTL on he ame chroma ome. The recombination rate 
r~ between marker . and Q1L will ary. Part of the . en tic 

ariance wiU be du to Q1L and the I · · er part will be due to 
man . other gene , with mall e fects L . polygenic component 

. 
o anance. 

The popu.]ation tructur ill be representati e o the 
H 1 tein breed in herd iz and production level and caled to 
30 000 cow per generation . a number found to be -ati acto 
by Kuhn et al. (3 . Th·e U DA-AIP nimal model (7 will be 
used to evaluate rre. and dam wher the ,effects of Q11.. and 
pol gene are '"'ombined. AU combin tions of the fono ing 
- ariables wiU be imul ted: 
1. number of gen s con tituting th QTL l to 4) .. 
2. magnitude o additive geneti · ariance due o the QTI., 

(5 10 and 20'½) 
3. . ingl nd fl nking marker 
4 . gene frequencie of the QTL (0.~ 0 . , and 0.5) 
5. heritabilit ' (0.1 0.3 and 0 .5) and 
6. recombination rate (r=:0.0 O. l and 0.3 where r=0.O 

means the marker i the codin gene . 

imulation 
A b e population will be imulat d and used for man 

gen ration of . electi n to determine th - maximum genetic 
gain o tained when combining marker information with 
phenot pie in . rmation . to ompare thi, with con entiona1 
election and to find an optimum - ay of u ing marker 

in orm 1ion in dairy cattle breeding program . T simulate a 
d j record one ha t ccount for environmental and genetic 
factors 

. = E + A + e. wh re 
I I 1 I 

Y refer o a dairy re ord for individual i , h1ch was 
imulated b adding en ironmental fa tor E, and genetic 

factor A,. in addition to a random error r 

or an indi idual · the . en tic fact r were imulated as 
u ual 0ene .. The hole g _ nom . of an indi . idual um d 
to be compo ed of p 0 ne and q QTL . · are al g ne 
but n - QTL could be on aen or group o man ,aene 
tightl linked togeth r. The breeding alu1e of an indi idual i 
account d for th p g n -nd the q . TL and can b 

tt n . 
- = a,I + a_ + ... + rp + q 1.1 ~ q l ., • . . qtll 

ie , i di ·ded into t o part ._ th pol genie omponen um 
o a,s and th QTL - mponent um f q J, i = I,. 2 .. . n, 
j~ l 2. ···~ p and k= 1 2 .... q. Th ref re p loci were 
im lated or p 1 g nic component. q QTL ere 
imul ted o th TL component. 



In imulating the data the addit1. v genetic · ariance 
di ided into tw10 component on~ omp nenl duet 

pol genes and the oth r due to Q1L . Gene frequencies 
,of the pol · g ne ere amp I d from a b ta di tri but ion 
- 1th special parameters ( a = ~) Tabl.e 1. Thi di tri ution 
has a rang of alu from Oto l and i oncentrated 
about 1/2 o that the intermediai value have more 
prob bilit , of being ampled than thee trerne value 
near O and 1 ). The rea on or th · t was to a. oid the 

extreme alues that ha equ · J prob . bilit. o I b irig 
· ampled to nonextteme alue if a uniform (0 I) 
di trtbution would ha e been used. Th uniform 
di tribution ha a range of .alues from Oto 1 all of them 
ha e equal probabili · th ref ore ampling from a 
uniform implies th t all · alu intermediat and e treme 
have the same chance of being ampled. 

Becau e the data will go through man g nerations 
of lection loci ·with extreme allel _ frequen ies are 
likel to be fixed oon and their contribution to the 
genetic variance is lost as a re ··ult. On the other hand 
u ing a fued value of½ for all loci is unreaJi tic because 
it represents a cros of two inbred line· that o not ha. e 
anything in common ith the Holstein population. 

Table 1. All,ele frequencies genotyp1c· values, 
and add1t1ve genotype,s or breeding v·alues for 
each of 20 11oci simulated f0,1r the polygenic 

t I d t t componen , a samp e a a se _. 
Locu Allele Genotyp- - dditl e genotype 

I 

freq 
. 

alue 
I 

lC ! 

A1A1 1A2 A_A2 
1 0.59 372.65 305.57 -67.08 -439~ 7 
2 I 0.57 370.21 318.38 -51.83 22.04 

0.18 . 477.06 782. 9 305~32 ~171.74 
4 0.32 392.91 534. 5 14] .4 -251 .46 
5 0~20 458.21 733.13 274.92 -183.2 
6 0.64 381.84 274.92 -106.91 -488.7 -
7 0.6 392.91 251.46 -141.4 -534.35 

I , 

8 0.40 374.12 448.95 74.82 -29·9.30 
I: 

9 0.16 499.94 : 839.90 339.96 -159.98 
10 Q_52 366.86 352.1 -14.67 -381.53 
11 0.5'5 36 .4] 331.57 -36.84 .. 05.25 
12 0. 7 379.62 478r32 '98.70 -280.9 

I 

13 0.56 369.23 324.92 -44.31 -413.54 

367.74 397.16 
- -

-3 I .32 14 0.46 29~42 
15 0.70 399.95 239.97 ... }59.198 -559.94 
16 0_5;7 370.21 318 .. 38 -5 L83 ... 22.04 

17 0.74 I 417.85 217.28 -200.57 .-618.41 
18 0.42 371.35 

I 

430.76 59.42 -311 93 
19 0.33 3 9.79 522.31 132.53 -257. 6 
20 0.4,8 366.86 81.5 14.67 -352. l 

Ha in.g sampled the gen frequencie belonging to 
each locus and based on the knowledge of the lo u 
proportion of the total additi e gen tic · ariance 
genotypic a1u of the jlh locu 2, w .. computed as ((u/ / 

U.::! . dd" . . . 2 1( l -p1) ) -, where (jJ denot - the · 111 e genetic 
arian · e of the jLb lo u (1). dditi e genot pe for each 
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locus r . th n com put . d 2( 1-p)gj l-2p1 g, or -2pjgJ and 
were as ianed to individual after amplina th ir oenotype 
from a binomial d1 tri uti n with , hre out omes A,, 11 ith 
pro abHit p/ A.,A., with probability 2p,( -p1 • and A,. Ar1. i b 
probability (1-pJr. Table I list aUel fr quencie _, genotyp1c 
· alu and additi e ~eno , pe for 20 I i of a sample data s ·· t. 

Thi approach wa repeated for ·]] loci then their respecti e 
additi • · 0 enotypes w re um ed to form th a0 ~ gate 
br edin0 aJue for a indi · idual. , igur 1 i a f!Taphical 
repre entation of th fr quency i tribution of the aggr gate 
breeding values of 'O 000 indi iduaI -.. The va1ue~ 1 to 25 on 
th horizontal c I. are coded breedino vaJue . Th point l 
repre ent the maU t br,eeding alue and the point 25 
represents the largest breeding alue. 

3500 

3000 

2500 

~ 2000 -..... 

JOOO 

500 

D 

I 

~ ~ 0 ~ ~ N ~ 
-... - "°' ....., N 

Breding ·aJues 

Figure 1. Breed1ing values wer,e not samp1led from a 
normal distribution, howevet, gene frequencies were 
sampled from a symmetr'ic beta ,centered about ½. 
The b,reedin,g values came out to1 be normally 
distributed. 

-1nal thoughts 
A · mentioned imulation wiU ao on for e eral 

c,eneration of ~Je tion. nimal · will be evaluated with and 
withou marker information. Based on Gib o·n results (2)~ it 
mioht be thought that in the long run conventional , lection 
\\ I cat h up and perhap rpa S. However it · 
im rtant to under .tand that Gib: on's tudy was extreme} 

th oreticaJ and hi i·mu]ation model as unrealis'ti ally 



h poth · ti al i · :on con ider d . fi bl · 0 ne af£ cting 
the quantitati trait and d · re t el ction b d on a Q1L 
g not p . In pr ti e h we r elec ion is Ir el to b 
b ed on mar er 0 enot p linked to QTL wh re 
r combination take pl c . Th link g between marker 
and QTL i e p t d to fad or eak n ener tion a ter 
gen ration . hich could hind r i not top the fi ation of 
the QTI.... lo. in ca other than a urnina onJ additJ. 
r lation hip b tween aJl le the QTL might not b 
fi l . · or exampl . an th ca e of . omplete d minan 
th numb r of -eneration . required to 1 · min te th · 
r e · i e i very large. F1nall .. . det cting more marker-
QTI... o iation in the future ma- kee sel ction b ed 
on marker inform · tion al . a uperior t con ntional 

lection. It wi11 b · entri to think that kno 1-dge will 
.· top at the e · marker-QTL . o iation di co red 
toda . 

Thi 1 t ·na r · earch d i ned to d tennin 
m . imum eneti gain obtain b_ integrati g mar .. er 
information into urr nt el · ction m thod and o 
ompare thi - ith con entional sele lion in simulated 

dairy br eding program . The imulation i de igned to 
r -present th Hol tein population in · hich the optimum 
u of marker as i ted election i to be tudied. 
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In thi mod J D 1, re pre ents the EB of cow i for C . CM 
IMI Major or IMI Minor. Al o MHC, repre ent the . um of 
the -0110 ing product from m=l to 12: gene ubstitution 
effe t for allel min the DRB3.2 g notype time the 
number o copie (n of allel m in th genot pe of cow i 
- here n ~ 0 1 or 2. The um o gene ub · titution effec is 
re tricted to zero. The ariabl 1°02. and BLAD. ar _ 
defined imilarl . An estim ble gene ub titution effect as 
e pre ed a the difference from ·the mean of 1 aUel1es for 
each locus (9 . e t. of ignificance were computed usina a 
two-tailed tudent t te ·t. Pearson correlati1on between 
EB for ·CS CM IMI Major. _ ·. I Minor and EBV for 
immunological assays before at and af er I were 

aJculated Computation were completed using procedures 
of , . ··oftware (10 . 

Results 
Table 2 ummarize the frequencie of DRB3.2 allele 

IgG2 allotype , and BLAD genotype . E timates of the g ne 
substitution effects are ummarized in able 3. , ote that a 
po 1t1v gen,e sub titution effect i unfa orable i.e. the 
allele i as ociated with undesirable or high EB for 
ma titi mea ure . 

The pre nee of DR'B3.2*16 was ociated with a 
ignificant increase in EB for C , (Table 3 . Allele 

DRB3.2*8 w _ associated w·th an incr,ea e in EBV for CM 
hlle DRB3.2 *23 and * 11 er,e associated with decre e 

in EBV for CM. Allele DRB3.2 *24 wru hown to h e a 
ign1ficant undesirable effect on Th1I Major , nd DRB3.2 *3 

wa - a ociated ith IMI Minor. The pre· enc of the CD18 
mutant allele and lgG2° was sociated with ignificant 
decreases in EB for CM (Table 3). 

-a I s 4 and 5 ummanze the correlation between 
EBV for immunological as a and EBV for CS and CM 
re pecti el . Mononuclear cell coun and two n utrophil 
measur er1e as ociated with decrea ed EB for C 
(Table 4 . Several correlation bet een EBV for CM and 
EBV for immune re . pon e w · re 1gni 1cantly different from 
zero but were not readil- int rpretable. This was l o true 
for correlation invol ing EB for IMI Major and EB,V for 

I Minor (d ta not ho n . 

Disco. ion and Conclus10,ns 
The re ult of thi tud onfinn earli r re earch on 

potential u e of DRB3.2 allele as mark r f di ea e 
u ceptibilit ( 11 12). The agreement bet . e n re ul of the 
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three report is noteworthy; DRB 3.2*8 and DRB3 2 :16 
ere a sociated with greater di ease· . u . ceptibility in all 

three tudies. urthermore DRB3.2 · 24 was associated with 
increased EBV for IMI M jar in thi tud and as 
a sociated with increas usceptibility to bovine leuko is 
12), whereas allele_ DRB3.2*1 l and 23 were fa orably 

a s ciated with di ea e tatu . ( 12) in agreement ith the 
p e ·. nt tudy. 

Carrier of the mutant D 18 all le had ign · ficant1 
lower EB for CM· ho e er ample ize wa mall as only 
14 heterozy 0 ote were identified. Further ,tudie invol ing 
larger population are nece . ary t rule out amplin error. 
Carrier of lgG2° al o h · d ignifi and lower EB for C 1. 
We belie e thi i the fir t report of functional difference 1n 
lgG2 allot_ pe . 

In erpreta · on of the relation hip between EB for 
immunological a · ay and EB for mast1tis measures is 
problematic becau . e a cau e-and--effect relation hip 
between the ari ·ble cannot be tabll hed. It is clear 
ho e er th t animal ith a .avora le EB for SCS 
po e •. ed n _ utrophil with greater functional ability and 

0 reater number of circulating monoc tes (Table 4 ). 
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Table 1. Assa.ys of immune function performed in 
the present study .. 
Neutrophil ,assays: 

Random migration under agarose 
Ingestion of bacteri,a 
Cytochrome C reductton 
Myeloperoxidase'""'catalyzed iodination 
Resting chemiluminescence 
Stimulated chemiluminescence 

Serum concentration. 
lgM 
lgG1 

lg1G2 

Lymphocyte blastogenic response to concanavallin A 
Number of blood monocytes 
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Tabl1e 2. Frequencies for 1DRB3.2 alleles, lgG2 
iso,types, and BLAD genotypes. 

DRB3.2 a1 lele 

*23 

*22 

*·ts 

*27 

*12 

*26 

*28 

others 

lgG2 aUoty·pe (genotype) 

AA (fgG2/lg'G?) 

AB (lgG2/lgG?} 

BB (lgG2'/lgG2') 

BLAD0 

:Number Frequencies 

~ 21 3 

43 17.6 

21 8.6 

21 8.6 

20 8.2 

16 6.6 

13 5.3 

11 4.5 

7 2,.9 

7 2,.9 

6 2.5 

27 11.1 

48 39.0 

59 48.0 

16 13.0 

CD18 I CD18 110 88.7 

CD18/D128G 14 11.3 

D128G I D1 128G O O 0 
0 Normal allele: CD18,. Mutant allele: 0128G. 



Table, 3. Gene subst'itutio,n effec·ts for DRB3.2 alleles of the bovine maJor histocompat1bility compl,ex, for alleles 
designated by lgG2 isotype, and for alleles at mutation responsible for the bovine leu:kocy,te adhesion defic1enc 
(BLAD) on E,BV for mas it1s indicators. · 

o,RB3.2 all,eles 
·a 
· 11 . 
23 
·24 
·22 
·16 
·27 
12 
26 
·3 
"28 
othersa 

lgG2 allleles 
lgG2A 
lgG2B 

BLAD aUelesb 
CD1B 
0128G 

Somatic cen sco,re 

0.002 
-0.013 
-0.039 
-0.042 
0.032 
0.084 .. 
0.017 
0.006, 

-0.057 
0.016 

-0.034 
0.028 

-0.024 
0024 

0.024 
-0.024 

, P<0 .. 10 P<0.05 **P<0.01 

Clinical 
mas ti tis score 

0.040 
-0.038 
-0.070 
0.024 
0.028 
0.001 
0.042 

-0.038 
0.029 
0.044 

-0~005 
0009 

-0 035 
0.035. 

0.077 
-0.077 

a o,RB3.2 alleles designated ~ o hers have frequencies below 2% .. 
b ,ormal allele,: CD18. Mutant aUele: 0'12,BG .. 

IM 11 caused by 
major pa hagen 

0.001 
0006 
0.007 
Ok108 * 

-0.055 
-0.004 
~0.019 
-0.001 
-0.015 
-0.033 
-0.047 
0.054t 

0.002 
-0.002 

-0.040 
0.040 

IMI caused by 
minor pathogen 

-0.031 
-0.021 
0.041 
0 002 
0.028 

-0.039 
.. Q.041 
.. Q.023 
0.049 
0.068 

-0.0,25 
-0.009 

0 .. 018 
0.018 



... 

Table 4. Pearson correlation coefficients between EBV for SCS and EBV for immune response measures 
taken before, during and after immunosuppression. 

Random migration 
Ingestion 
Cytochrome C eduction 
odinat1on 
Chemiluminescence - resting 
Chem.~luminescence - stimulated 
gG. 
gG2 
lgM 
Concanavalin A 
Mononuclear cells 

- - -- --

P<0.10 *P<0,.05, **P<0 01 

Time re1lative to immunosuppression 

-0,.158 
-0,.091 
-0.080 
-0.146 
-O.OS3 

n a. .. 
na 

-0.108 
0.045 

-0 074 
-0.203 

D_uring 
n.a 0 

n.a 
-0.1731 

-0 .. 115 
-0.067 
-0.259* 
0.152 

-0.043 
0~127 
0056 

-0 .. 227 

After 
-0 03'6 
-0.002 
0.094 
n.a. 
n .. a. 

0.148 
0.263** 
0138 
0,.023 

-0.056 
-0 .. 198 

a Breeding value not available as estimated heritability is less than or equal to zero. 

Table 5 .. Pearson correlation c·oefli.cients between EBV for CM and EBV for l1R mea.sures taken before, 
dur ng a_!ld after i1mmunosuppression~ 

Random migration 
Ingestion 
Cytochrome C reduction 
Iodination 
Chemilum·nescence - resting 
Chem1iluminescence - stimulated 
lgG 
lgG2 

lgM 
ConcanavaUn A 
M,ononuclear ceUs 

P<0.10 *P<0 .. 05 **P'<0 .. 01 

Time relative to immunosuppression 
Before 

-0 .. 321 * 
0 004 
0.202 
0.058 
0.204 

n.a. 
n.a. 

0060 
a 167 

.. Q.165 
-0 .. 20S 

During 
n a .. d 

n.a. 
-0.086 
-0.035 
0.227t 

-0.171' 
0.21 st 

-0.062 
0.029 
0.127 

-0.052 

After 
-0.013 
0.292* 
0.022 
n.a. 
n.a. 

0.080 
0.373** 
0.194 
0.049 
0.143 

-0.06·2 

a Breeding value not availabl1e .as estimated heritability is less than or equal to z,ero. 
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Summary and Impl1cations 
Poor repr ducti efficiency of po . tpartum dairy 

cow i a major concern · , dairy cattle operations. Th 
objective of thi - experiment w . to study the 
de ·elopmental competence of oocytes r-eco ered from 
po tpartum dairy co . Postpartum dairy cow ., wer 
subj1ected to ultrasound-gu "ded follicular aspiration t\Yo 
times per week for 4 weeks beginning approximately 30 
days after calving. Harvested oocyt.es were matured, 
ferti ized and cultured in vitro We wer able to produce 
blastocyst tage embryos from of all th cow nbjected to 
thi procedure... Once refined this procedure will enable 
dairy ca tle producers to produce live calve · from 
po tpartum dairy cow . at a time when they ordinarily 
make no feproductiv 1contribution to the h rd. Furth r 
by altenng follicular gr . wth patterns via ultrasound ... 
guided oocyte retrieval it ma b pos · ibl 1e to enhance 
reproductive fficiency of postpartum dairy cow b~ 
stfmulating the ovulation of higher quality oocyte·. 
Although these resul ar prehm1nary, web lie e great 
potential exists for application of th ~ technologie under 
field condition_. ·. uture 1exp riments and statistical 
anal y i of data from this d y will he]p u to und -r tand 

tter the reproductive potential of po tpartum dairy 
cow ,I 

· Introduction 
On continual qo t of any dairy cattle manager i to 

increase animal producti ity. The genetic impro ment 
tool of artificial in, emination and embryo tran fer ha e 

een succ · fully used to achieve increased pr • ucti -ity. 
Other reproducti techn logie may prove u ful to 
further increas the geneti m1eri t of dairy h rd . 
Researcher · el ewhere ha demon, trated the ability to, 
obtain offspnng from oocyt - harv 1ested fro pregnant 
cow " clirucally infertile femal · and prepub ra) calve 
by · g u] trasound as a t I to guide th collecti,on of 
o cyt_ directly from a female ovari .. O·ocyt 
barve ted in this manner can be matured rtilized an 
de elop under in vitro conditions. 
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One of the challeng - , faced by manag1ers of high
producing dairy cow i - tabh bing a pr,egnancy in the 
po tpartum period ( . e period after cal ing) .. 'The 
po tpartum p riod h been the ubject of numerou 
_tudi ·• r•egarding the initiation o o arian acti·· i · , and 
reest.abli hmeut of estrous cycles. How · ver info·rmation 
concerning the production of embryo from postpartum 
cows i spar e. Using ultrasound-guided folli ular 
aspiration coupled with in itro fertilization (IVF) , it ma 
po sible to produce embryo from oocytes harve ed. 
dunng th · po tpartum p riod. 

The objecti e of thi -xperimen wa to tud th. 
d v lopmental competen of oocyte reco ered from 
postpartum dairy cow . 

Materials and 
Experimental animals .. Ten multiparou Hol tein da~ 
cow, 3 to 7 year . of ag ~ re lected on the ba i of 
calving cl.at (clo - pro imit to on another) and were 
randomly as igned to ne of two xperimental group .. 
One group (n=5) wa ·.igned to _ultra ound-guided 
~ llicular aspiration twic a week (from approxunat 1 
po tpartum day 30 t-0 da 60 The econd group (n=5 
erved as a non- pirated control. Bod weigh g and 

bod condition scor (on a al of I [ maciated] to1 

[ob ~ e ]) wer1e recorded at th beglnning and the end of the 
xperiment 

Ultrasound and oo re rerrie al equip,m,enr. An Aloka 500 
Micru ultrasound con ole · a u ed. · i b Hz con 
array tran due_ r hou ed in a 60-cm pl . · ti handle 
containing a tainle t I needle guide For ,ooc e 
r tri1eval a 7 gauge -cm ]en th ingle lumen needl , 
w .. u ed to . pir:-at the o arian follicle_ with the aid of a 
regulated acuum pump (K- 000) tha produced a 
flo · rate of 22 ml/mjn. 

Pro edures. In oth group .. ult ound w . p rformed 
d.aily to monitor ban, e in o, arian tru tur , (e .. 
follicle corpora lot . ). It ound monit rin began 
when, w wer. at appro, imat• I po tpartum da _5. 
Each animal r tr_.· ed ·o a _qu_ z,e chut and the. 
perineal re · on wa w . bed. Th ult~ · · ound tran ducer 
( co· ered with a late ·on om) . in ert d in ide the 
- a · ina and ea h o ary a . vi ualized by .entle 
repo itioning ( ia rectal palpation) to the point ju t aero
the aginal wall from ,the ultrasound tran due r. All 
ultra · ono,graph · - record _ n ideo to enable 



sub equent ree -aJua.tion and measurement of 0i anan 
tructures 

On the day of oocyte retrie al designated cow ere 
handled in a similar man.ner except that epidural 
anesth ia (2 % bdocame hydrochloride) was admini ten~d 
to prevent contractions ,of th tail and rectal muscle . 
After the ovary was repositioned to enable visualization
the retriev,al needle (previou ly introdu.ced into th · needle 
guide) was inserted through the . aginaJ wall and into the 

· ovarian folli,cles Vacuum pressure was applied to aspirate 
the follicles and all follicles >· 3 mm in diameter we!}e 
aspira ed~ 

After follicular aspiration was 1completed the Em
Com filter containing the harvested oocytes was rinsed 
twi1ce and its conten . were placed into a gridded petri 
dish to search for ,oocytes by u ing a stereomicroscope .. 
Oo ytes were evaluated and handled as des·cribed below. 

In addition to the collection of oocytes and ultrasound 
examinations, blood sampl - were taken from each cow 
three times per week during the 1entire experiment. Blood 
was collected into heparinized tube · (to pre ent clot 
formation} centrifuged, and plasma was collected and 
frozen for subsequent analysi of hormone concentration . 

10 1ocyre c~ iftcation and in itro methods. Th cumulu 
ooeyte complexes (COC) harvested from eac . ow were 
divided into two groups based on oocyte morphology. 
Oocytes with even cytoplasmic pi,gmentation and with 
greater than two complete layer . of cumulu cells were 
classified as excellent/good .. Oocytes with less than three 
complete layers of cumulus cells (or partially/totally 
denuded) and/or with an une en cytoplasmic pigm.entati n 
were classified as fair /poor. 

Oocytes from. the same donor, grouped b quality as 
indicated above were matured m Tissu.e Culture Med"um 
199 supplemented with 10% fetal bovine erum at 39°C 
for 22-24 hours in an atmosphere of S % CO2 in 
humidified .air. Frozen-tbawied semen from a ,· ingle buU 
was, prepared for in vitro fertilization (IVF) by using 
Brackett-Oliphant (BO) medium and COC w re placed in 
fertilization drops (5 x la6 sperm/ml) co · i ting of BO1 

medium supplemented with 10% ovine erum albumin 
(BSA). Cumulus cells were mechanically r1emo ed 
immediately after the 6-hour insemination period. 
P'resumptive zygotes were ,cultured for 7 days in CRIAA 
medium with 0.2 % BSA (and without co-culture ce]I ) at 
39°C in an atmosphere of 5% CO2~ 5% 0 2, and 90% 2 .. 

Blastocyst formation rate was determined on day 7 (day 
0=onset of insemio1~tion) and blastocy t cell numb rs 
were determined by D A-specific 1oell stainin0 • At the 
same time that oocyte from postp,,artum cow were being 
matured fertilized and cultured in vitro o arie from 
slaug:hterhouse cows were aspirated and hanr, sted oocyt 
were handled following the same procedures as d cribed 

.above. The · laugbterhou. e oocytes e.rved as a quali . 
control iaf our IVF' tern. 

Thi experiment i still in progr . Data pr ented 
her1e .are preliminary and have not been statistica] ly 
,analyzed. Only simple arithmetic means are gi en. 
Reproductive perf onnance of these cows as well as their 
le I of milk productio1n will b _ monitored and analyzed 
at th end of the exp riment 

Res,ults and Di cUSSJon 
C,ow body weight remained essentially the same from 

the beginning (648 kg) to the end (643 kg) of the 
e perimen't. Similarly, body condition , core \\'as. similar at 
the beginning (3 4 core) and the end 3 5 core) of the 
experiment. These data sugges that nutritional 
management of the experimental animal was appropriate .. 

A total of eight aspiration es ion wa performed in 
cb treatment cow The resul I of the ooc te retrie al . 

for each cow are presented in Table 1 ~, The overall 
efficiency of oocyte recovery was 53 7 % . The number of 
follicl a ailable fot aspiration varied considerably 
among animals. 

The resul ·. obtained with oocytes collected from 
laughterhou e o arie are pre ented in Table 2. The 

results showed that the IVF ystem wa_ , perfonnin.· well . 
o any poor r ·· ult obtained from the po tparrum ow 
oc tes can not be directly attributed to a otentia1 

deficien.cy in the IVF yst.em 
The quality of oocyte harve ted from each cow and 

the cleavage and blastocyst formation rates after in itro 
maturation/in vitro fertilization/in itro culture 
(IVM/IVF/IVC) are shown in Table 3 .. Overall oocytes 
• las ified as excellent/good produced higher clea ag and 
blastocy · t formation rate than oocyte classified as 
fair/poor. This result was not unexpected . as the • ame 
occur with laugbterhouse oocyte . Although variation 
among cow in the quality of oocyt · · was evident (Table 
2) . we were able to produce blastocysts from of all tbe 
cow subjected to ultra ound-guided follicular aspiration 
during day 30 to 60 p tpartum .. (Blastocyst sta.g 
embryo are those most oft,en u ed for embryo tran fer to 
a recipient Female). 

We are encoura.ged by these preliminary results. The 
abilit to produce a bla tocy t from oocytes reco, ered 
prior to day 60 po tpartum gives produce~ the option to 

roduce a live calf ( ia ·transfer of IVM/IVF/f.YC 
embryo ·) before this temale i mated ia artificial 
insemination to establish th·e next pregnanc .. 

Our r earch on the po tpartum co bas two main 
impli tion ~ One is o produc an extra li e cal without 
delaying the normal time of breeding for the po tpartum 
dairy cow. The econd implication i to tud th effect of 
ltering (via ultrasound-guided ooc t, retrieval) follicular 
· r, wth ·patterns in po artum cow to ·· es if thi may 



be used to ,enhance reproductive effici.eocy in the 
po tpartum period. 

By removing oocytes from the 1COW it is po ibl to 
tudy them independent of the hormonal and nutritional 

environment of the cow from which they came.. Poor 
reproductive effici,ency of postpartum cow· may b due to 
ho1rmonal imbalances,, ·metabolic problems or other 
factor not as ociated with the oocyte. Thi tudy will 
enable us to ascertain the role of the oocyte in the 
reproductive process in postpartum cows 

The data obtained from analy is of hormonal profiles 
and sub equent statistical analysi of all data gathered will 
help us to bett -r understand the possibilitie of bow to 
apply these technologies in the field. Future tudi _ - will 
need to include the transfer of embryos to recipient 
femal _ and the use of exogenous hormones to inc.rease 
the number and i.ze of follicles present in the ovarie of 
po tpartum C-OWS. 
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Table 1,.. Transvaginal ultr1asound-guided oocyte 
recovery from dairy cows on days 27 t ,o 61 post
partum. 

Cow# 

13104 
1126 
1232 
1112 
1204 
TOTAL 

No~ 
foUicfes 
,aspirated 

87 
61 
79 
18 
68 

3 '13 

No. (%) 
oo,cytes 
recovered 

43 (49.4) 
34 (55~ 7') 
54 (68.3) 

9 (50.,Q) 
28 i41 .OJ 

168 (53. 7) 

Table 2.. In vitto embryo producti'on from oocytes 
obtained from slaughter house ovari'es. 

No. 1of 
oocytes 

199 

No. (%) of oocytes that 
cleaved formed blastaicysts 

150 (75.4) 50 (25. 1) 

Table 3. In vitro embryo production from oocytes, harvested from post-partum dairy cows .. 

1304 

1126 

1232 

111 12 

1204 

TOTAL 

Oocyt1e 
q,uality 

excellent/good 
fa·1r/poor 
TOTAL 

excenent/goo 
fa1r/po1or 
TOTA,L 

exceUent/good 
fair/poor 
TOTAL 

exc,ellent/good 
fair/poor 
TOTAL 

excellent/good 
fair/poor 
TOTAL 

exceUent/1good 
fair/poor 
1GAAND TOT,AL 

No. (%) 
oocytes 

19 (44) 

24 (5i6) 
43 

9 (26)1 
25 (74) 
34 

0 (0) 

54 (100)1 
54 

6 167) 
3 (33) -
9 

5 ( 1, 8) 
23 (82} 
28 

39 (23) 

129 i77l 
168 

5 

No (%1 of oocytes that 
cl:eaved formed blastocvsts 

10 (52.6) 

~ (33 .3) 
18 (,4 .9) 

1 (11.1), 
2 (8.0) -
3 (8.8} 

0 (0.0) 
2 13.7) -
2 (3.7) 

2 (33 .3) 
0 (0.0) -
2 (22.2) 

2 1(40.0) 
5 (21 . 7) -
7 (25.Q), 

15 (38.5) 

1Z I 1 3. 2} 
32 ( 1 9 .0) 

4 (21 . 1) 
1 (4.2) -
5 ( 1 .6) 

0 ,,o .0) 
2 {8.0) -
2 (5.9) 

0 (0 0) 
1 ( ' .9} -
1 ('1 .9) 

2 (33, 3) 
_Q (0.0) 
2 122.2) 

0 (0.0) 
-1 [4 3} 
1 (3.6) 

6 (15 4) 

...§ (3 91 
11 (6.5) 
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Summary and Implica o 
Heat dete tion efficien y in co (71 o 136 ,e trou 

"cl ) u 1n° an electron1 mount or pre 1 ur n ing y t m 
was .9'½ and 89% ay to October 1996 an - o ember to 

p ·1 1997 hile heat dete tion ac urac % and 
7 8 % re spec ti el J th a i ual d te . tion efficien · of 6 · % . 
Heat detection efficiency and ac urac in heifer 93 h -· er 
and c Jes · a 92~ and 93% for electroni mount with 

i ual efficienc of 73o/o. 0 eral mean for e tru _ 
parameter for cow (t o time p ri d ) and hei er a· 
measured th le troni _ tern er § 1 3.6 and 9.9 
moon le tru 8 4 and 9 .6 hr tru . duration (first l t 
mount and 14 9.6 and 33 totals ond p nt 
mounting/e tru · . erage time r quir,ed for the electronic 
sy .em for _ o 13 minut Ida with patch applica .ion 
talcing about e en minute / o . Th e re ult indicate that 
th ele.ctronic pre ure en-ing mount s . tern as 
effecti estru detection tool for both o and heifi rs 
took minimal time and ma pro idea viable alt rnati e to 

isual detection depending on co t: b n fit anal i · for 
ind· vidual herds. -

Introduction 
Su ces ful r1eproducti e management i e . ential for 

dairy farm financial maximiz --tion. Weakne s 1n e nu 
detection ha e been hown to be the major deterr n t,o 
optimizing r producti e fficienc and i the major r on 
for exces i e da upen and lo t income e -p ciall in herd · 
using artificial in em1nation. Re earch has ub tanti ted that 
animal standing to be mounted i the cardinal ign of e tru 
and breeding bas d on observing thi r,e . ul in ignificantl 
higher conception rat . compared to econdary sign 
problem exis in ob erving mounting as man animal 
esp ciall hi0 h producing animal or anim.al undergoing a 
stre . or (heat, footing etc .. ) ha decreased trus duration 
and ·oten-1tie . Thi coupled to th . fact hat 67~ of 
mountings occur from late e enin° to earl morning make 
e tru detection a formidable tas . im le pre ure en ing 
mount det · ctor and tail head chalking h e been u ed .a an 
aid to enhance mounting recognition .. Ho e er~. th re are 
fal e po iti es as ociated with the ,e and the can · t pinpoint 
the time of mounting .. n electronic pre sfil ensing 
mounting ystem was de eloped to not onl detect moun 
electronicall r but al o to uppl information on time and 
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duratJ n of mounting through a omput r o war 
program. Th obj ctives of thi tud re to e aluate he 
e ficienc and ac ura tru detect' on u ino th·e t;, 

-I -tronic mount - tern ompared o i ual detection and 
haracterize the a ti ity of dairy co nd heifer 

u ing data from the electroni tern. 

aterial and Methods 
ow 

Lactating dairy cow , t the Io a tat I ni er . ity Dairy 
Farm between 30 to 45 da p tpartum ere sel cted to be 
fitted with the electronic mounting tran mi r ( eatwatch 
(HW DD In Boulder, 0). Thi b ttery- perated 
reu able pre -ure ensing radio frequenc tran mitter 2 
x3 " · , fitted into a durable tightly wo en. nylon envelope 
th ti e n to 10 x 8 w b pat h with a 12 · tail trap. 
Thi p t h th n prayed ith glue and allo ed to 
partial} oli i hile the · ·lhe d of th animal was b ing 
pra ed ·th th ame · lu . The me h patch wa placed on 

tailh d d moothed out to . n ure that it w 
compl t I attached and tail trap as a}ued to the tai1. 

ter th patch an tail trap were applied each co 
number nt r d into the of ar in the farm 
· omputer with th corre pondina tran mitt r number from 
the unit on her bac .. This allo d for e - identifications a 
to which animal a being mounted It was al o po sibl to 
nter in other infonnation or each animal uch as a cal ing 
at and h u ing ar a 

Th omput r was checked daH form unting activi 
an a h co total mounts including duration of each 
mount wer recorded~ Vi ua] heat deiection was also 
re orded althou 0 b - i ual detection and artificial 
m eminat1on were compJeted by farm per onne] 11 cow 

re ch ck dail to ee if an patche had been lo tor 
er I o e nd proper maintenanc - as completed. Th 

total time (che king the computer and patch maintenance) 
as re rded in a.journal to timat th a eraoe time pent 
ith the HW - . ~ tern. 

econdary ob ervation of estru were al o compl t d. 
aginal mucus ,electrical conducti ity m,e ured-dail 

u ing a E tr n aginal probe (Estrogeni · Inc.) on all cow 
prior fut breeding and 18-24 day po t breeding. Co 

ere p 1 ated twi e/we,ek prior to fir · t bre dina by a 
et rinarian. The uterus wa cored on · n olution 1-nannal 

3- bnormal) and ton (I-turgid , 3-flaccid) and each o ary 
wa palp ted to dete tan gro ing fo licle or oth r 
structure and their relati e iz . t >30 day po t- re ding 
t cow were palpated to det rmine pregnancy tatu . If the 

n1 al · as confirmed p egna ·. t the tran miner was removed. 
trus uration w d fined interval b t een · rr t 

and last mount. C dat ·a plit into t o time 



period for naly 'is [May to O tober( , and o ember to 
April(W )] corre ponding to easonal differences in 
hou in0 or the amount of time onfined to a tie stall 
compared to outside free roaming~ 
HeifeE 

Each month HW transmitt r were appHed to heifer 
that had been .ynchonized using an in· ction of 
pro taglandin (Lutal e . Upj,ohn Inc.) or orge tom t 

implant (Synchromate B. CE A L b Inc. with tran mitter 
applied on the da of pro ta0 landin injection or implant 
removal. Vi ual ob ervation fore tru was performed by 
farm personnel.. Tran mitter were k pt on heifer until 
in minated 3 weeks po t application or until they became 
detached. Thi trial · conducted over a one year period. 

Results and Discus ion 
Cows 

A total of 7 cow· -and 136 hea re monitored (26 
cow 44 e tru cycle for F' .. 45 c·ows 92 estru _ cycle for 
W ). Efficiency and accurac of estru detection for HW 
and vi ual are shown in T'able 1. HW estru detection 
efficiency and accurac . for SF- S and combined data 
were 89 and 88% 89 and 78% and 89 and 84% 
respecti ely while v1 .uaJ detection efficiency was 68% for 
S . HW stru detectio1n efficiency was significantly better 
than visual. HW fficiency for SF and WS was similar but 
accuracy was I 0% le . s for WS compared to SF. During W -
cow are hou ed in ide except for three hours/day or when 
the . were in the holding pen waiting to be milked 3x) 
compared to SF where cows are only in -ide three hour /day. 
Accuracy d -ere a ed or fal e po i ti es increased during 
due to increased potential to rub the transmitter on posts 
-eparating the _ tall due to an increased amount of time 
pent in the tie stalls (18 hr - 3 hr . Characterization of 

different e tru paramec rs are shown in Table 2. Overall 
mean for F and S were 4 1 and 3 .. 6 mounts/estru 8 and 
4 hour e ttus duration and 14 and 10 total econd pent 
mounting/e tru. . All parameters for WS were Jes · than F 
again reflecting the de reased tJme a ailable for fr1e 
mo- ement and mounting. The amount of tim requir d/day 
for cbeckinl,;:J the computer and performing tran -mitter 
maintenance w l minute. /day with initial tran mitter 
application or re application taking about even minute per 
C'O . . 

Heifer 
A total of 93 heifers and estrou ,cyclie were monitore . 

Heat detection effici,enc and accurac using HW wer 92 
and 93o/o jth a -isual effici -nc of 73o/a (Table 1 . Mean 
ore tru param ters (Tab] 2 mea ured by HW wer 9'.9 

mount le tru 9.6 hours e trus duration and 3 - to al 
econd pent mounting/ tru . HW efficien y in heifer 

( imilar o cow a . si211ificantl b tter than -isual. All 
tru parameter or heifer w 1ere higher ompared to cow . 

H _ ife ere h ou ed in three ided loafing barn ~ th 
unre ·tri ed ace to out ide lo and thi ac oun - f, r 
higher num -er f mount an longer duration o e tru 

11 · total mounting time . 
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There were ome problems · xp~rienced with pa ch or 
transmitter adherence. Application of transmitter - on very 
humid or rain day · hei er ) led t decreased attachment 
times due to th inability of the glue to adhere or bind to a 
wet · urface. Also during winter decreased attachment time ·. 
were -een due to longer hair coa · . Clipping the hair area 
where the patch as applied ignifi anti impro ed 
adherence time . 

0 erall the electronic pres ure en ing mount s m 
for e tru . d tection wa· _ n ffi i e e trus detection tool for 
b th cow and heifer and took minimal time or labor. This 
ystem ma provide a iab)e altemati e to i ual detection 

and hould e e aluated u ing partial budget on an 
individua] farm basi . 

Table 1 .. E·ffic1ency and accuracy of estrus 
det.ection as measur,ed by an electronic. pressure 
sensing mounting system (Heat Watch) or visual 
d.e.tection in d.airy cows and heifers .. 
Trial* Parametero/o Heat Watch Visual 
SF Effi'ciency 89 

Accuracy BS. 68 
WS Efficiency 89 

Accuracy 78 
C Efficiency 89 

Accuracy 84 
Heifers Effici1ency 92 73 

A.ccu racy 93 
*SF= May to November, 26 caws 44 estrus cycles~ 
WS = December to April., 45 cows1 92 estrus cycles· 
C = combined cow data for both periods; 
.Heifers = 93 estrus cycles over a one year period. 

Table 2. Character1zat10n of 1different es.trus 
parameters i:n dairy cows and heifers as measured 
with an electronic pressure sensing mounting 
system .. 
Trial* Mountsl Estrus duration Time Spent 

Estrus {hrs) (first-last Mountingi/ 
mount)_ Estrus (dee). 

SF 41 a 14 
ws 3.Si 4 10 
Heifers 9.9 9 6 33 
* SF == May to November 26 cows 44 estrus cycles. 
WS = December to April 45 cows .92 estrus cycles; 
Heifers= 93 estrus cycles over a one year period. 
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Si staff m mber . employed b the Department f 
nima! . cience ar primary contributor to dairy-f lated 

re earch in the utritional Phy iology Group of th 
Department of Animal ,cien e. They ar Donald C. B jtz 
lee H. Kilmer Gary L. Lindberg Leo . imm Ho ard 
D. T ler and Jerry W. Young. In addition Je_ .e P._ Go f 
Ronald L . Horst Brian J. onn e and imoth A. 
Reinhardt are emplo ed b the U D . and ar lo ated at the 

ational nimal Di e . Cent r ju t ou ide Ame . Th e 
USO, employees ha e collaborator appointment in the 
Department of nimaJ cience and make major 
contributions to dai re earch. n o e i -w of their 
research appear else here in thi Dairy R pon. 

The broad research mi ion of the utritional 
Physioloei Group is to · tud th ph siolog, and 
bio hemi try of nutrient u e for anim l production pr,...,,.,.,..... s 
and ior the maintenance of anim 1 health and to produce 
significant re earch re ult that can b u ed b the d · -
industry. 

Milk Production 
Proje ts relating to applied mil production problems 

include an evaluation of pedometer for reproducti e 
management in dairy cattle evaluat· on of barrier products to 
prevent dry-period m titis and e aluation of al rnati e 
th rapeuti1c for mastitis. In the future - potentiall useful 
ideas for impro ement of profitabili of the mod m d · 
production enterprise · ill continue to be te . ted. 

The effecti ness of raising cal for herd 
replacements has major long-tenn ffec on the profitability 
of milk production. Therefore we ha projects oriented 
to ard improving the sur ival of dairy cal e to minimize 
economic losses. There are studie to exam·ne the role o 
abnormal maternal conditions on neon -ta immune 
functions to determine the pot ntial for chronic alterations 
of glucose regulatory mechanisms through acute 
intervention in the neonatal pe:riod (i.e., neonatal 
· mprin ing · and to de elop -trat gie _ £or incre ing 
su ivability of c,al es born prematurely. Future studie . ill 
include characterization of change in ox gen statu acid 
base balance and cellular immune status in the neonatal 
period: detennina ion of the fleets of hypoxia or hyp roxia 
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on imm · ne unction p am t r · and elucidation o the 
critical o ygen threshold for r sp1ratory burst acu .· ity. 

0 er ongoing research include d termin tion f mil 
protein and att _cid c · p · ion in milk, including 
quantification o ariation of different mil protein and 
fatt acid in milk and relation hip f thes~ componen to1 
each other. Relation hip · of mi ochondrial D , uenotyp,es 
o milk production are being in tigated. Th re i resear h 

on under tanding how Di ··Ai targ ted to cell throuc-h 
r ptor-mediated uptake and on the fate of th D A after 
uptake. Future re · earch will focus on application f D A 
targecing procedure to u gene to modify animal 
m· taboli m and production. 

Animal Health 
Lactation to i i a · i,gnificant metabolic disease of 

lact ting d ,iry co and co dairy farmer million of 
dollar eac·h y ar. The occUITence of ketosi eems to 
u~ual1y be preceded by att . liver hich is a hidden gatewa 

1 e e that remains und·a~os,ed unti! ome se oodary 
condition ecome apparent. We ha e expended much effort 
in de elopm nt and charac erization of a r ali tic mode] f . 
lactation ke o i ti b ing u ed to determine factors that 
influenc susceptibility to keto is and to trac the equence 
of metabolic events that lead to a diagno i of clinical 
ketosis. major focu i no b · ing placed on d elopment 
of preventati e and treatmen for fatty Ji er and eto i . 
E aluation of glucagon the hormone that oenerally act_ 
opposite of in ulin was the major focu of a U DA roject 
th · t w completed recentl ·. The ex.pr sion of ra -limitina 
0 ene for gluco es nthesis in the liver al o i being 
evaluated. Thi · re •earch emphas1 will continue a ,e ek 
imdu trial collaboration to pro ide a marke ble pre enta i . e 
or cure for fa 1 _ Ii er and lactation keto-.i . 

Parturient pare i better known . milk fe er al o i · a 
ma· or di e e that ects early lactation dairy cow . A 
maJor amount of resear h in thi area ha b en coordinated 
through collaborators at the · ational Animal Di ease 
Center but much of th.ere· earcb tn olv d graduate , tudent 
obtaining M. · . or Ph.D. degre in nutritional physiology 

uc efforts have been very productl e in incre ing 
understanding of thi di ease and ill continue t b 
emph ized. 

Other focu . e on animal health include effec of 
nutrition on :mmune tatu and the relation hip of 
mitochondrial D- genotype to uscepti -,ili • io disease · .. 
The major nutritional ag nts te red to date for effe on the 
immune · · tern have been it mins A and D and their 
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Fatty Liver and Susceptibility to Ketosis 

A. R. Hipp n re earch a . 1 ant 
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P. he re earch i rant· 
G. L. Lindb r0 . a i tant pro e · or· 

and D. C. Beitz ct· tin . ui h d prof or f 
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Abstract 
To ob · rve the effect of prepartal energy int e on 

atty Ii- ·· r and ketosis in dairy co , po tpartum 24 
multiparou Hol t in o- re as ign d to one oft o 
tr atmen . . During the ast O da before calvin0 o 
wer · fed either a normal dry ow diet (con.tro) or a diet 
cal ulated to pro ide 50% gr ater energy intake from 
carboh _ drate ( o- erfed) fter al ving li v r of verl d 
co _ had hi her conc1entration of triac lg] cerol (T G 
and lower concentration of gl cogen han did Ii- er of 
control cow . From da . 6 t,o 13 of lac ation 
cone ntration o gluco ·e urea nitroo . n and in uhn in 
blood w re lower for overfed co · than for control co 
and concentration of B-h droxybutyrate (BHBA) an 
none terified fa acid F · were greater in blood 
from o erfed cow than from control cow . Of the 12 
o erfed co s four exhibited keton mia ketonuria 
acetone-like breath and depr . sed appetite . . Two of the 
o erfed co became pontaneou I k otic and required 
treatmen before da: 14 of 1 actation~ .. o k ton mia w 
observed in anv of the co s lhat had le than 5% TAG in 

,I 

the Ji er .. The incidence and everi t of ketonemi 
increased 1n cow a concentration of T G increased in 
Ii er . Bod condition s ore , of cows at cal ing were 
correlated poorly with inciden •e of fatty li er aft r 
cal ing. Increased energy intake during the dry period 
how,ever caused increased se eri of fatty H er and 
usceptibility to ketosis. 

Introduction 
Metabo lie di order in dairy cow are generally 

related to nutrition and frequentl . ., become apparent 
hortly after parturition. In particular . fat co yndrome is 

a periparta1 dis,ease often accompanied by dystoci~ 
retained placenta milk fever decreas d re · i tance to 
infection and keto i . Fat cow yndrome ·n a dairy herd is 
apparent by the presence of e tremel . er-condition · d 
dry cow. 

0 er-conditioning of dairy cow · during the dry 
period can lead to the de e]opment o fatty Ii ver b cau 
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x bod fat i mobilized t meet the nergy demands 
o parturition and early Ia tati n att acid mobilized 
from adipo . t1 ue l in e lh Ji r 
capa ity to xport fat i11 accumulat,e in the li er and 
creat f tty Ii er. Thi a umuJ.a ion o at in th Ii- er can 
au Li r G cone ntrations to be a . high a 30% of 

Ii er t wei crht compared with normal cone ntration of 
I to 4%. l o these erity of fatty liver i thought to be 
r lat d to he in idence of keto i in earl - lactation dairy 
C S. 

The obj cti e o thi re ~earch to ob erve the 
ef ect of e ce i · e energy int . e during the d i period on 
de lopment of fatt )j r and u _ epti ilit of dairy cow 
· o keto i after . al ing. 

. a.terials and etbods 
Durin th · .. last 30 da . before alving, 24 

multiparou Hol tein cow were fed eith r ccording to 
C recommendation or energy intake (control) or 

offered e _ce ~ain in a quantit that · ould increase 
dail · ner int _ b 50% ( o erfed Tabl I). Bod 
condition cor (BC · ) . ere recorded 15 days prior to 
parturition and at I and 14 d y in milk (DTh1 . Co 

ere ighed ,t 1 6 and 14 DIM. 

Table 1. The diets fed to control and overfed 
cows 1during prepartum period .. 
I1ngredient Control ,overfed 

___ ... ___ -------- kg/d .. ___________ _ 

Corn silage 
Concentrate, 
Alfalfa hay 

1 .. 6 
0.9 
0.6 
0.4 
0.4 

1.,6 
0.9 
0.6 
04 
0.4 
5.5 

Corn gluten teed 
Oat s.ilage 
Cracked corn 
Grass hay ad librtum ad libitu·m 

1Concen rate consists of rolled corn (72%) 
soybean meal1 (24%) 1Na2CO3 (1.1 °/o) Ca2P04 
(1.1 %) MgO2 (0 6%), NaCl (0 6%) Ca2C03 (0.3P/o), 
and X-Cel Rum'inant Trace Mineral Premix ®(0.3%). 

Li er ample coll ct d at 6 and 14 D b puncture 
biop y w1ere analyzed for cont1ent of T G and glyc 0 en. 
To m 1e . w-e car oh drate statu , pla ma ample collected 
dail from 7 to 14 Dllvl were anal zed for concentr tions 
of glu o e ure nitro0 n and in uhn. - u cepttbihty to 
keto i w indicated by analysi o plasm . ample for 
concentration of B A an 

A cow as considered to be chnicall ketotic i 
measur d by Keto tix® ile Inc. her pla ma ketone 



e gre. ter than O m /d , k ton were e id nt in her 
unn and h r app tile a d pre ed - · ithout e idence of 
a omplicating f tor u h d1 placed bum um or 
in e tion. 

Oat wer · nal zed a omplete r ndomized lock 
an. P ar on correlation o ffi i nt ere alculat d b 
GL proc dur · of 

Reul 
Body eioh though numeri all h1°h r for o rfed 

than fi r ontrol o re not tat1 ti 11 diff r nt at 
an time me ur d (Fi ure 1 ). At 15 da etor 
al ing, BC_ ere great r for o erfi d than for control 

co s- howe r b 1 da , postpartum BC - . ere not 
different betwe n the two group (Fi0 ure . B ). 
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Figure 1 B.ody weights (A) and body condition 
scores (B) of control and overf,ed cows 1 S days 
prepartum ( O an,d on days_ 1( I and 14 ( I 
postpartum. Effects in model; body co.nd1t10n 
score treatment P<0.003. 

Li r TAG concentr tion wer gre 't r in o rfed 
than in control co t both 6 and 14 DIM (Figure 2 . 

ix d · a ter cal · in Ii r of rfed ow ont ·ned 
12.1%T'- Gcompared ith2.7%T G(P<O.O )inlier 
o control ow Concentrati n f 'TAG incr ,ed in 
Ii er f both group f o · at 14 O,IM t 1 .7 and 2.9~ 
or o rf ed and control re pe ti . e] on r l 

liver a) . co= n c n entr tion were lo r in rfed than 
1n control w · 1 . 2.. '~ P<O.O I and in r - ed 
lie,htly in both O ou · t l lM (Fi 0 ur .... B . 
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Figure 2 Concentrations of triacylglycerol (A) 
and glycogen (B) in hvers of ~ontrol and overfed 
cows o·n days 6 ( I and 14 ( ~ postpartu.m 
Effects in model· tr1acylglycerol treatment 
P<0.002; glycogen, treatment P<0.0006. 
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Figure 4. Plasma B-hydroxybutyrate (1BHBA . A) 
and nonesterified fatty acid (NEFA, 18) 
concentrat,ons in contr·ol ,( I and overfed ( I 
cow·s .. Effects in model; BHBA treatment,. 
P<0.004; NEFA, treatm.ent P<D.001. 
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Figure 5. Incidence of ketosis b·y percent of li'ver 
triacylg1ly1cerol (A) and body condition score (B) 
at day -1 .5 prepartum 

one of the control cows became clin1 all ketotic 
dunng the first 2 ee . of lactation, but i of the o . erfed 
cows became clini all ketotic uring this time. 
Additionally one other o- erfed co and one ontrol co · 
exhibited ke~onemia as e · idenced by plasma BHB 
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concentrations gr1eat r than 12 mg/di. The number o cow 
b coming ketotic w . greater a both liver G and BC 
incr ed Figure 5). 

Becau . e of rapid os of body condition scores during 
al ing BC l day a_fter cal ing were poorly corr lated to 

]j er TAG. Bod condition core, I day before calving 
how er were more highly correlated o liver T G 
concentr tion ( · igure 6). Furthermore corr lation of 
pla '"etone bodies were molie highly correlated o B 
15 day before calvin0 h-- _ da after cal- 1ng (R"" = 0.2 · 
' . 0.4 or da --] 5 and 1 re C p ctivel data not ho n). 
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Figure 6. Correlat·ons ,o,f hver triacylglycerols at 
day 6 postpartum to bod·y cond1it1on scores 15 
days, prepartum (A.) ,and 1 day postpartu;m (B) 

Conclusions 
1) Ov rfeeding dairy cows during the 1 t 30 day 

prepartum lead to an increase 1n the se erity o • att Ii er 
and incidence of ketosis. 

2) Evaluation of B,C 15 day · prior to calving g· es a 
better prediction of everi of fatty Ji . er and 
u ceptibility co ketosis than doe BCS immediat 1 after 

calving. 
3 The incidence ,of po · tpartum metaboli di order 

ma · be more closely re]ated to prepartum nutrition than to 
bod condition. 
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Summary and Implications 
Dietary supplementation with protected methjonine in 

the first 90 day of lactation did not affect time to fir t 
•Observed e trus days to fir t · ervice or day of retained 
placenta and metriti (all P>0.10) but methionine 
increased the days to frrst conception er · ices per 
conception incidenc s of cysts, and day to first 
conception resulting in a calf (P<0.05)"' In general dietary 
upp1ementation with protected methionine negatively 

affected conception and retention of the fetus, which 
primarily occurred after the , upplementation period. 
Dietary methionine did not affect periparturient 
reproducti health nor the reproductive cycling of dairy 
cows. 

Introduction 
High crud · protein intak,e in particular high intake of 

methionine and ly ine . in early lactation has been sho n 
to be nece · ary for stimulating maximum milk production. 

ome but not all tudies have shown a decrease in 
reproducti e performance with increased crude protein 
intake. Because profits are related to reproducti e 

rfonnance a .· well a milk production a negative 
relauon hip between dietary crude pro~ein intake and 
ertility would ha ea negati e impact on the income of 

the dairy industry. The major cau es of on atisfactory 
breeding performance are inadequate reproductive 
management and occurrence of repr.oductive disorders 
uch a retained placenta metritis and o arian c st . 

Ther fore, hen investi,aa ,ing the influence of diet on 
milk production the incidence of reproductive di order 
al · o need to be investigated. 

Our goal was to determine whether dietary 
metluonine upplementation in a high crude protein diet 
influ nee the o curren e of reproducti e di order and 
otherwi e affec the reproducti e performance o -dairy 

0 
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· aterial and Methods 
Forty multiparou . Holstein . and 16 primiparous 

(heifer) Hol teins and eight multiparous Jersey were 
blocked in group b sed on breed parity and expected 
calving date and then assigned randoml to one of two 
postpartum die . . (19.7% crude protein) that contained 
either 0% or 0.31 % methionine h droxy analog (Table I 
and 2 . Cow ere hou ed in individual tie-stall · and were 
allowed to exer,ci e ou ide for approxunatel one hour 
three times each day t milking time throughout the 
upplementation period (91 da ). All diet ingredients 
ere mixed and fed as a total mi ed ration to cow ad 

lib'ltum twice daily in amounts to achie e feed refu al of 
5 to 10%. 

Table 1 Composition of diets. 
Ration Component (%, DM) 

Alfalfa hay 20.9 
Corn silage 28.6 
Whole cottonseed 8~4 
Soybean meal1 (48% GP) 5.6 
Grain concentrate (17% CP) 28.1 
Blood meal 1.1 
M1ega Pro/Mega Pro Plusa 6 .. 2 
Limestone 1.0 
a Mega Pro contains ru,men inert fat and expeller 

processed soybean meal. Mega Pro Plus contains 
rumen inert fat expeller process,ed soybean meaJ 
and methionine hydroxy analog (So/o). 

Data r,ecord d for each co included: day from 
parturition to fir t e trus day from parturition to fir t 
. ervice day from parturiti n to fir t confirmed 
pregnanc number of in emination to first confrnned 
pregnancy da from parturition to frrst pregnanc that 
re uhed in a calf number of c ts number of luteoI es. 
and da · of treatment for retained placenta and metriti .. 
Cow tha retained th ir placenta for longer than 1 day 
were treated with a broad pectrum antibioti i. . and a 
5 -ml aline infu ion in the u tern ry other da until 
th placenta was e · pelled. Co s with m . triti fever 
.ello di charge) were treated with a broad spectrum 

antibiotit i. . and an intrauterine ol asan in ion once 
dail . 



Table 2 Nutrient compos1t10n of d"e s. 
Che·mica1I Composition (%OM) 

CP 19 .. 7 
UlP 39.0 
ADF .22 .. 3 
NDF 36.8 
NFCa 31.4 
NE , Meal/kg 1 ~61 
F~ 41 
Ash 8 O 
Ca.lcium 1.26 
Phosp orus 0.39 
.. FC- non-fiber carbohydrates calculated as 100-
INDF-CP-criude fat-ash. 

Th reprodu tive health of all po tpartum o . tha 
had n t be -n ins ID1nat1ed monitor d bi · kl by 
palpation of the reproducti e tra t per rectum. O arian 
c ere eith -r luteol · zed or treated with GnRH.. i ual 
observation of e tru a u ed to es abli h frr t tru 
date. Reproducti ely healthy cow wer1e bred at the fir .t 
ob erved e tru after 0-d po tpartum. 

For stari tical anal si the effect of methionine 
upplementation on reproducti parameter (data re 

adjusted for prepartum diet pari breed and 1 ing 
eason) were e t du . ing a lifetime regre ion anal i 

and as . urning a Weibu -1 di tribution of reproducti e 
parameter . Two cow . ere not included in the tud 
becau e the aborted. 

R nits and D1 cos 10n 

The reproducti e parameter how that onl 6 of the 
64 co s that entered the tudy had another alf. -or the 
methionine supplemented group 1 out o 32 co - s had a 
ub equent calf (Table 3 . The low reproductive 
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performance of the methionine- _ upplemented group w 
not au ed by periparturient di order · to the contrary th 
o curr nee . fr tained placenta and m triti wa Jo~ r in 
the methion·ne group. either he lo repro u ti e 
p r .· rman of the ethionin - up lem -nt d group 

u d b a d la yed on et of e tn.l' or ign of heat. The 
problem . . that th o in the methionin -
supp]ement d grot1p did not onceiv1e and had a higher 
occurren of ovarian c t than the non- uppleme:nted 
group. Both probl ms o curred primarily aft~r the 
uppl m ntation period hi h nded t 91 a a ter 

cal ing. 
In the publi hed re ,ear h hterature a negati 

relation · hip ha b nob er ed more often bet ·een high 
or degrad · b]e prot rn intake and tor day to fir · t ovulation 
·nd frr t onception r te than b t een pro ein intake and 

da open and overall conception rat 1e Thi effect i 
usually xplained by the maller number of enviromnental 
fa tor that influence fir t ovulation than influ nc 
cone ption. To our know ed0 th effect of m thionine 
upplem ntation on reproductiv performance ha not 

b en inv ti at -d. · u re ult ugge t that a thre hold 
e f◄ t of methionine exi· in that m thionine 
upp]ementation causes partitioning of enough nutrients 

~d nergy for ovulation and repr du ti cyclina but 
does not pare enouch energy or nutrien for succe ful 
concepti n. 
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Table 3 Averages ,of reproductive parameters and occurrences of disorders 1n cow.s fed different amounts 
of protec,ted meth1on1ne.a · 
Parameter Control Methionine P,>Fb 
Reproductive performances" 
Days to activity left ovary 
Days to activity right ovary 
Days to first observed estrus 
Days to first insemination 
Days to first conc,eption 
Services per conception 
Day·s to first conceetion resulUng in a calf 
Occurrences ,of reproductive disorders: 

53 (n=28) 
58 (n=30) 
63 (n=31) 
91 (n=30) 
107 (n=26) 
1 54 (n=26) 
112 (n=22) 

57 (n=22) 
60 (n=27) 
59 (n=27) 
89 (n=26) 
125 {n=17) 
2.06 (n=17) 
12.S (n=14) 

0.05 
0.38 
0 76 
0.5B 
<0.01 
<0.01 
<0.01 

Days of retained placenta and treated metritis 3.56 (n=32) 2,.00 i(n=30) 0.07 
Ovarian cysts 0.67 (n=30} 0.93, (n;;27) 0.04 
GnRH treated cysts 0,.50 (n=·30) ~ 0.52 (n=27) 0.17 
Luteolyses 0.97 ,(n=30) 1.59 (n=27) <0.01 
a Analysis included prepartum diet, pos,tpartum diet parity breed, and season of ,calving in the statistical mod•el. 
b Probabilities of O 05 and less are considered to be statistically significant 
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Dairy farmers nutritioni t eteri.narian ~ and e ten ion 
pe ialis -· ha e be ome con erned · ith the increa in 

laminitis acido is and fluctuation 1n milk pr . duction of 
high-producing dair h -rd . 

The Penn St t Forage ' parator ,; a u · ed to e amine 
olunteered ample . of total mixed r,ation _ (TMR) corn 
ilage and haylage for their ,eparation into three ca egorie 

The ere ults · ere ompar,ed ith a larg - _ tud conduct din 
the northeastern United States~ 

Io a dai . ,cow ration · a pear to u com ilage that ha 
le_ effecti e fiber than ea tern rations· howe · r the TMR 
and haylage component appear ry imilar lo e tern 
·tale. 

Introduc· "on 
Effecti e fiber has become an i ue in milking dairy co 

rations. This issue relate to the incre e in a ido 1 

mp'toms and the increase in feet and le<r problem of dairy 
co s. 

ev,eral means ha e been de . ribed to me .· ure the 
effecti · e fiber 1n a ration. Early me . ure included ( 1 no 
less than 40% dry matter from roughage in the ration: (2) 

isconsin researcher ugge ~ed 21 % neutral detergent fiber 
(NDF)· (3 Mertens (3) de · cribed a guideline as 0.9% of the 
co s bod weight forage NDF· 4 Sha er (4) ugge ted 
that pounds of Jong forage panicles (>l 1/2 inches) i 
needed for :normal rumen function· and (5 ,-niffen (5) 
uggested calculating effec _ · e NDF based on th fraction of 

a feed that remains on a 1.18 mm- creen. 
Penn State Uni · ersi agricultural en0 ineer and dairy 

sc1entis , - developed a three- ·. ox uni to measure forae 
particle ize in the field 1 1 ). The Penn State Forage _ ep ator 
separated £ -rages or total mixed rations TMR) into three 
groups: (1 those not pas -ing through a creen of 19-mm 
holes and a thickne s of 12.2 mnr (2) particle pa ing 
through the larger screen but not through a . er en consisting 
of 8-mm holes and a th1,ckne of 6.4 mnr and 3) pan for 
aJ1 particles pas ing through both screen ,. 

Penn State researcher and a corn ercial forage 
laboratory (2) conducted an extensi e urvey (12-920 
sampl ) on forage and TMR sample -from farmers · n the 
northea t and mid-Atlantic state ·. 

The purpo e of our su , ,ey was to d termine the 
characteristic of forage and 'lMR rations b ing fed to dai 
cattle in northea t low 
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. aterial and ethod 
Thr e Penn tat Forage eparator re us· d to mea ure 

ra. ion, 1ber characteri tic . ample wer acquired at a 
eries of eterinari an co · pon ored producer meeting in 

northe Iowa during h fall and - inter of 1996 and l 997 
by making individual farmer tr . u -1e- hooting caH. by Io · a 

tat Uni er it Exten ion (ISUE) field and tate dairy 
pec1ali ts . and - y agri-industry ho borrowed a separator 

to con.du t ind.1 idual farm call . Resu] om S2 samples 
ha e been nalyzed and recorded. 

R suits and Disco si,on 
The large t number of ample ere TMR (39). ight 

corn ilage -ample wer _ parated and fi most1 legume 
ha lage ampl s were eparated. Re -ults ar·e de. cribed in 
Table 1 

Table 1 Particle size distribu:tion of total m1x,ed 
rations, cor1n silage, and hayla~ge (values, expre,ssed 
as%). 

Top Screen Middle Screen 

T,MR Means 7.7 
Range of Means 1, to 32~3 
Corn Silage Means 5.4 
Rang1e of Means 1 to 8.0 
Ha.ylage Means 8«8 
Range of Means 4 to 47 

32.2 
10.5 to 49 

42.7 
27 to 78 

39.0 
2,4 to 58 

Pan 

601 
37 to 77 

51.8 
'17 ta 92 

42.2 
29 to 65 

Lammer 2) reported particle distribution on 31 TMR 
sample of 7_1 % 35.2% and 57.7% for the top screen 
middle screen and pan respectl el . 

Lammer (2) described 5 395 sample with means of 
.1 % 50~ ~ and 41. l % of the samples on the top creen 

middle creen and pan respecti ely. 
Lammer (2) found their 2 · 15 legume ample re ulted 

in 16 0 40.5'.t and 43 5% of parti. les on the top creen. 
middle screen and pan. re pecti ,ely. 

This s,mall number of forage and TMR amp] app ar to 
epara.te out in roughly th. -ame perce.ntag as ample from 

the northe~tern _ nited tates. otable exc _ ptions ma b 
the om i]age sample · hich had 2 .. 7o/c l ss particle on the 
top er en 8 .1 ~ le particle · on th middle s reen and 
10.7C½ more parti Jes in th pan.. ortheast Io a dairy 
farmer ma- be ettin0 their om choppers lo achie e a 
shorter the iretical lenath of · ut than d _·ry farmer 1n the 
northe,a tern Unit _d Stat s. 

o data were gi en for com ilage ample pro s""ed 
through kernel proce or in the Lammers data~ On orn 
· 1age ample from our a was chopped b th Klau 

K~rneI Pro es or., Its re uh ere 5 78. and I 7% for the top 
middle and pan , re pe ti el . Thi · technoloc . ma provide 
ome promi e of gettin0 a lar 0 er per,c nt of parti, le to top 
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1997 Dair· Report • low.a· tate 

Iow·a P·roducers Learn to Put More 
Pasture in Their Feed Inventory 

Ton H · . e e ten ion dairy/b _.peci li t and 
Brian Lang exten ion crop . p ci . li . t 

D L-134 

H i am jor crop for nonhe , t Io a atd p odu er . 
The top fi ·. e alfalfa producino ounti in Io a are located 
there - Cla ton Dubuque inne hi1ek Jack on nd 

llamakee. The e counti s are al o major attl -. produ tion 
areas as pr, due . r" add alue o th h har e t db 
on ening it to milk and meat. Dubuque i the l ading Iowa 
'Dunt in dairy co · number. and Ju._ .. ,ILIJ'on i the top bee 

co coun . 
s1gnifi ant challenge for northea . t Io . a cattle 

producer i . to gro harve t and stor high-quali fora0 e . 
Ob tacle include winter kiU of alfalfa plan . requiring 
pr,emature reestabli hment as well a rainfall and humidity 
that make drying hay difficult. In addition,. man of th ha 
nar . esting t m ar · ma ·hinery and ner,a:y inten i e. 
Compared to when man of the e :y tern wer put in p]ace 
the relation hip of energ co ts and product~ alue hav 
narrow d. 

Toe difficulty and cost of growing and harvesting 
quality ha and the continu d pre ure to reduce cos ha 
timul ted producer intere ·tin manag ment in en i · e 
azing . y tern. * . · hiJ · intere t ha . increased there ha e 

been few places lo a producer can go for information and 
education on inten ·i e ,grazing. 

ntensive rot~tional grazing is an alt,ernative 
managemen approa h for produ ing milk and meat. It 
invol · e di · iding pasture into mailer sub ection and 
,grazing animal for short period • of tim . Thi allo for 
plants to r cover before grazing again thu impro ing the 
producti . i o the pasture and the nutritional quali· o the 
2ras· e for Ii e tock. 

Benefit of intensi e rotational grazing noted b-
farmer include reduced feed co ts increased pasture 
producti vit healthier Ii e t ck and impro ed life t 1 . 
0th r po itive aspec identified are protection of th oil 
from erosion reduced u e of petro1eum .. ba ed fertiliz r and 
pe ti ide ell . pre enuon o ground and urf ·~ e water 
contamination. 

For producers ad pting inten i rot3:tional grazing it 
means learning ne management , kill -. Grazinq 
man gem,ent require balancing the r, lation hip b t e n 
Ii toe- and plant in new a . lnten i er tationaJ . 
gra ing i a Fchnoloa that takes the orm of knowled 0 e 

ill an man g me11t. -·ti. n l m-ething ou n buy and 
put on field ,or feed a I o it i a -tern th h . to be 
learned .. 

a · to in re · the grazin cr exp ri,en 
1 l in ol · them in p ture · al . The e a1 

ture 1 Id l r m. P · : ·ip n 1 al 

o producer . 
u e the 
ound 1 
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p tur di ·cu ing . h t . working nd - hat n t · 1ith the 
~razing · t m. The lo · for pr ducer o h Ip h other 
learn . azing manaD' ment tr . te ie ·. 

I w tate Uni · r i · ·. t n ion and th -atural 
Re our e on rvati ~: ic in . oper tion · ith 
produ er ubmitted O zing educa i, n and demon tration 
pr po al to th Leop Id . n er for u tain bl gricul tur . 
The propo I a pted and re ulted in an in re · 
number of opportunit1 or northeast Io ad .. IT)' and beef 
producer . to learn about inten i. e rotational gr zin .~ It 
upported communication of pastur alk in t r gi n 

eva1uatin0 the ]earning of alk parti · ipan ·. in-d pth 
de cription of e eral producer u ing mana~ ment 
inten i grazing and foraae quality mea urements 

P .. ture walk were planned with the following 
objectives: 
To as it dairy and b ef produ e , in learning about 
nten i e rotational grazino management practi throuoh 

farmer o farmer communicati,on and demon_ tration. 
To demonstrate u e of fencin material . paddock la out 
and water y tern ,. 
To teach principle o mana2ing cattle a~d pasture l 
. 
1mpro e. 
To . i .t in in reasing the numb r of acre . of int n i 
rotat1onall graz d pasture. 

hat w · observed and learned om this project. 
People ame to pasture walks. In northeast Iowa there 

were 27 pasture . alk in 1995 and 26 inl 996 attended b · 
appro imatel 575 and 485 re pecti ely. 

P ture al panic.pants l arned more about 
management inten ive grazing. inety-eight percent of the 
pasture wal participants indi ated the increased their 
ability to a s ·s_ Ii estoc . production probL m . They also 
rated the u. efulne · of the in ormati 1on presented at pas ur 

alk on a 1 to 5 ale · ith 1 being not ery u eful and 5 
beinc ery u eful _t an a erage " 4 .. 3 or 199 · and 3 .95 for 
1 96. 

alk participants applied what · l amed. The ] 996 
urve re.sponden (70) indi aterl action aken as a re ult of 

attending p tu.re · alk. The percentage o. ·responden 
indicating taking a · ecific action follow : 
tried fro t seedin (50%) 
started to stockpile pasture for late fall or inter grazing 
(29%) 
tri d a f orag ariet ( · 0 
adopt d ne t ncing or at· ring trat a ( 0~) 
increa ed re rdin° of p ture mo emen ·. (26% 
adju ted upplemental fe,ed program (2 1%) 
r du ed in · tm nt in machine and equipment (24% 
re uced th u e of hemical and fuel (36~ 

ng d breeding progr 1 14% 
an , utiliz1ed · nten · 1 e ro atiooal grazing as an o 

b . 1n e . pan ion . trate0 • In the past thre ar 7% of 



the I 96 re p nd nt in e th numb r · ere araz d 
and 0A tn r . ed o num r . On h f lh 
r pond ,nt 1ndi at d that he h n0 e r u t din n 
in r a in m hi) p r ,ent r po ed n om 
t · d ut th ame. 

Li , I g · dd · t th c nomi . ia iii of 

rur 1 Io ommuniti . The h ll n for th 
fu ure i o I o r nd d pt . r du ti n n 

e u t ·nab e un n mic . ondition . lnt n i 
ing pp to ro uction t m at n 

n ial in he pin m int 1n d an beef bu in 
i -nific n ontributor o h onom north t 

I a. 
e author ou d hke to p i 1 th th northe t 

I ount n ion u Lion · ir ctor J • n Rod p 
and taf a _ orth t I Demon tr ion Proj t Jim 
Ranum Grazin p ciali t. th L o o_d n r 

u aina . ricult e ac i l er, o , Io , 
mem er Dr. teph n amhan~ t n I n For 

p iali l. D . irn Ru ell I n1mal nd . i e 
, riebur er ter hed proj c c 
c operation and upport o h m n m nt in 

. 
1 

2razin du ation pro!rram . 



Executive Summar of R earch in t e M 
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abolic Disea 
R /M 

e, and 
C 

on Id 

Tim 

u 

J 

hD h ph 
. 

I 
. 

r - r 01 t 

e h l , r 

th R in PhD 
. 
1m 

nti t· 

K hrl · D 
. 

m di r1n 

G f . eterin 
o 1 r· 

nne k PhD mi rob·o1 ai t· 

arp PhD microbial _ oi t· 

n 

al 

Brian 
Jim 

nd I ark mu en PhD rm r bi og t 

Th mi ion of our oup i to impro· th n on tal 
nd p ripartun nt h a] nd p oduc ion effi ien of 

d i animal b condu ting b i and pplied r ~ arch 
on the patho ne i and pre ntton o metab lie d 
in ti u di a of m -jor e anomic import-,., ..... ..., Our 
- oup r earch i ocu e n three major di e . : 

m ttti to poi io i and milk e r. - n u 1 Io 
o . farm rs due dire to the e di eas, e 

e limated to be about 2 billion 100 million and 0 
mi ll ion~ re pecti el . To - _ llo incr r pre en 

of th group major c ompli hm -n 1n th e 
an r urin a th pa t 

ti e cloned and equen e a r ceptor t r 
bo in tumor n or i · f tor that will be u ed to 

aluate the role f in olifonn m till . h 
· n · 1 d g n · i an tion in th ili o the immun 

t m o t 1 to re i an r o er . om i ul t d 
tr on ition . h e ho n tha oli ~- acten 

not al- a det t bl in · ece o attle. Thi ha 
i mpr tion on th u of coli rm coun· on arc e in 
I u ht r hou monit :r off c ntam·n e 

h t d he ffi ac of an im.munom 
r du lhe incid liform m titi '½ in 
anun n i olat d and I n d th 

r b in n - lon timul tina fact r 
- 1n rl n-7 t · "' l ' u ted r 

n l , in n n·m . 
d ·n I ular 

-1 h ·n 
r t a ubl fi 1nn th rot in r . 
an(-infl mm to 1 
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mmun Ii he lin 
et roid-in in 
om o 1 · on . 1 oo l ar l ti n lf 

un tion l p c · t and l n d ob tion b 
h ine th t m m fun t" n duri · - di I 

p tpartum period m ontrib t to ob r du tion 
in the c a 1t1 o l mpho t to r t 
mm n lobulin d in on-y unn0 · i 

. 
n . 

0th r re arch i ·cated t _ t ~ ding hi h le 
it · in t oung caJ _ ro o di in r . d 
ir u ting cone ntr tion o . biolo ica11 o 

metab li of ritamin and uppr d it in E 
one ntrati n . Th ch nc r ia i th 

mark di :r du ·d dai] w ibht in -u tina · 
n (7 tive imp . ct of ex - di t itamin in I e . . In 
related re ear h 9 .1 -di- i -r tin ic a i pr nt t 

nu all hi 0 h on entr tion in m tern 1 and n on - al 
la ma aft r parturition had minim, I impa ton the he 

di erentiation and function l apa ities o pol I n ll -
-timulat d lo d mononucl ar 1 ukoc from n ona aJ 
c I an a . ult d · c 

pori o -- . determin d th t 

a . min ion f ucro e to infant mice prior to hall 
ith Cry_pt poridium par um d ucall r du 

infection ith th - para i, e. Thi effe t i . peci 1c to 
ucro e o lher ar o drat . t . ted di not h thi 

e ect. xploring mecbani m of hi 
ro ecti n. al o ,e. ermined that rapin0 rom the 

inte _tin 1 II of ad lt r t con ·n ub -tan e 
a p entl heat- abile) tha can tr n er rotection from 

_. parvum 1nfi cti n to u c ptible in ant r . ar 
undert · · ng the chaxact rization o thi ub t an it 
abilit to in uc o · e pro u lion in th re 1p1 n . 
B · th of the abo e proj c e rn del tern or . 
D . .Um n e tion in . al e nd m 1e d · pro ed 
treatment fo c o pondio i . u c full 
· ntr du d g n co ing or l '!' /60 pro in of 

to ondium J1l m into n entero dherent 
nontoxi eni tr in o . o i. · no b ginnine o 

ine the b ~Ii . of th1 on ruct o olo i h 
1ne o infan mi and to pro o ·' n immu e 

to __ par . um. Th ultimat ooal 1 ·ro 1e 
on ru throu th ion er 

immun timul · o n · lo r l niz t" n o 
c 1 e e ai _ ~~!..!.! ini cti n. 

- h .,.n;,.. 0 de . th 
1 ·nt o h · 

, n n o ·mt1 e e 
li h c ul t . 

. 
r 10 our 



about 20% eff ctive chloride at reatin~ a mild 
m tabolic acido i and therefor milk fe er pre , ention. 
Factor con oil· ng calcium homeosta i tran port and 
ignalin~ are largel unknown in the mammary gland. 

U ing P R nd direct PCR equence we h , ,e identifi,ed 
ix calcium TP e in the mammary gland that belong 

to three different clas, es of P-type pump . I ot pe of 
the pump h . e be,en identified and the are all highl 
regul ted during ]act tion. The itamin D-dependent 
P-type pump of the inte tine wa found to b n gative1 
re0 ulated b ca citon1n. w competiti e PCR as ay 
ha been developed to ·tudy tr n 'Criptional regulation of 
specific gene in co . Anti-peptide antibodie to th 

itamin D receptor wer de eloped. A role for itamin A 
in itamin D m,etabolism was confirmed in vi o. 

Rumen nucrobiology--A collaboration · ith French 
re earcher at the INRA , Lyon a e tabli hed to 
~n e tigat rumen metaboJi m of fe cue alkaloids. Thi 
collaboration aJio this project to obtain nnnen 
microb from cattle · n Europe that ma be u efuJ in 
fe cue deto ification. Rumen bacteria were i olated from 
goats uiat reduce eleni . m in combinanon with hydrog n. 
· ucleic acid equence analysi was used to identL these 

bacteria and to develop probe u eful in tudying the 
ecology of the e bacteria in th rumen. bacteri that 
degrades nitropropanol al o was found to effecti el 
divert rumen fennentation awa from it wasteful 
production of methane. The application of thi . microbe 
for controlling methane production in cattle i current] 

. 
on-going .. 

6 
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Figure 1. Con.centrat,ons of ret.inol (a), b
caroten,e (b), and a-tocopherol (c) in serum of 
neonatal calves treated with normal or skimmed 
,colostrum and m.ilk for 7 d,ays. Means with 
different superscripts differ (P'<.01). 

Colo trum was collected from 10 cow and pooled 
Approximately on half of the olume of pooled 
col,ostrum was kimmed. In1act and skimmed colo trum 

wa di ided into 4 L aliquot and frozen at -20°C. Each 
aliquot was thawed immediately before u e. Each calf 
was fed 2 L of pooled colo trum within 3 hour . of birth 
and another 2 L within 12 hour of birth. Cal e were 
ubseguentl fed 2 L of milk in the mominrr and 

afternoon untiJ 7 days postpartum. Blood ample were 
obtained from calve . ithin 3 hours after binh and onc,e 
e ery 24 h for 7 days thereafter.. Blood ·. as al o coll _cted 
from two adult Jersey heifer on ight .eparate occasion 
during the stud . All al es remained clinical] normal 
during the experimental period. 

Concentrations of at-soluble itamins retinol ~
carotene o::-tocopherol) in colo trum and mil and serum 
wer~ determined b HPLC Concentrations of 2 -
dih drox i amin D in erum weri determined b 

68 

radioimmunoassay. A nonequilibp.um receptor-based 
a say wa used to determine serum 1 25-(OH) D 

,2 

concentration . Serum lgG1 concentrations were 

determined b an ELI A~ 
Data were analyzed b a plit-plot repeated 

measure OVA. ignificant differences between 
treatment or day were calculated by Student s two 
ample r -test using lea · t square means.. Statistical 

differences were declared at P<.05 .. 

Results and Conclusions 
Analysi of fat- oluble vitamin concentration in 

colostrum and milk-fed calve indicated that normal milk 
had 3- to 4-fold higher retinal than did colostrum. 

~ 

kimmed colo trum had very low retino relati e intact 
colo tnim. annal colostrum and milk had about 8- to 
13-fold higher a-tocopheroJ and 1.4- to 1.6-fold more 
l 25-(OH)2D than did · kimmed colostrum and skimmed 

milk. annal colostrum had 4.5 fold more ~-carotene 
than did skimmed colostrum~ o ~-carotene was 
detect din kimmed milk. 25(OH)Vitamin D was not 
detectable in normal or skimmed colo trum or skimmed 
milk. The e vitamins were not detectable in co onut oi1. 

At birth (day 0) erum concentration of retinol ~
caroten a.-tocopherol RA i omers 25(OH)D and I 25-
(OH)2D ere the ame in control and treated individuals 
(Figs. 1-3). Ther1eafter there were progressi, e increas,es 
in the concentration of retinal P-carotene a-tocopherol 
1 25-(OH)2D in the ·~ erum of control cal es. In treated 

cal es 'the concentrations of the e compounds remained 
es entially unchanged from birth ( da 0) to 7 day 
postpartum. Serum concentrations of 1 25(OH) D were 
unaffected by treatment. 
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Figure 4.. Concentrations of lgG1 1n serum from 
neonatal ca1lves treated with normal or sk1m,med 
colostrum and milk for 7 days immediately afte,r 
parturition. 

In conclusion treatment of cal ,es with thi diet 
r,e ulted in marked alteration in fat- oluble _ itamins and 
their metabolite · in erum without affecting either passi e 
immunity (maternally cquired IgG1) or functional 

capacitie of immune cells. All cal es were clinically 
normal during the treatment period. Thus thi treatment 
method might be useful as a model sy tern to 
characterize further itamin A metabolism in the neonatal 
calf when other fat-soluble itarmn meet di,etary 
requirements. This approach might al-o be u ed to stud 
the r,ole of · pecific fat- oluble vitam·n in the phy ,iology 
of the neonatal calf. 

1 a.mes are nece sary to repon facn1al)y on a ailable data· however 
the DA neither guarantees nor warrants the standard of the product, 
and the use of the name by the USDA implies no appro al of the 
product to che ex lu -ion o_f others that may also be ui:table. 
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centrifugation ( 1 171 X g at 4°C for 2 min).. upemalant 
were remo· ed u ing a pla e washer. Cell were 
r,esuspended in HBS with 0.1 % · 3 and incubated (4 C 

for 15 min) ith econdary antibody [fluore cein 
i othioc anate-conjugat d oat F(ab' 2 fragments again t 

mouse lgG or IgM 50 µJ]. Plates were washed again and 
cell pellet wer,e re u pended in HBSS ith 0.1 % aN3 w 

onsp,ecific binding of antibod ·was asse ed by 

incubating ea ht t samp1e with secondary antibody 
alone. pecificitie of al] primary antibodie were en ured 
by te ting with i otype control . 

A Becton Dickinson F CScan wa used or flow 
cytometric anal is of 5 000 cells that exhibit1ed light 
scatter propertie that were consi tent with bovine · · 
An argon laser with an excitation wavel ngth of 488 nm 
- as used to detect cell a ociated with fl uorescein 

i othiocyanate-conjuaated second antibody. Emis ion 
fluo escence was detected with a 530-nM bandpas, filter 
and con erted to log fluore cence. Markers were 
po itioned or negative control samples to provide a 
background of 2% and were maintained at thi po it" on for 
an sample taken from the calf. Cells with fluore cence 
inten i greater than the marker po ition were considered 
po itive. F)uor,escence data associated with each 
parameter were expressed as a percentage of the gat d 
MNL population. 

Secretion of IgM by unstimulated MNL cultures and 
cultures stimulated with pokeweed mitog.en (PWM) 

· as quantified by an ELISA. Cultur1e were established in 
flat-bottomed 24-w,ell pol styrene tissue culture plate . 

seeded with 1.0 X 106 cell /ml in a final volume of 1.5 ml 
containing 5% (vol/ ul) FC · in RPMI 1640 medium with 
antibiotics antimycotic and glutamine. Resting MNL 
culture and culture timulated ith PWM (0.08 or 
0.32 µg/ml respecti ely) were incubated at 39°C in a 
humidified atmosphere containing 5% CO2 for 14 da s 

The concentration {ng/ml) o · IgM in upematan . - as 
determined b compari on f absorbance of supernatants 
with . bsorbanc of standard within a linear curv1e fit. 

Secretion of -y. was evaluated in MNL cultures 
e tabli bed in flat-bottomed 96-wel poly tyrene tis ue 

culture plate seeded ith 5 X 106 cells/ml in a total 
volume of 200 µ1 of RPMI 1640 medium with 5% FCS 5 
µM 2-mercaptoethanol , and nonessential amino acids. 

esting culture . and cultures stimulated with 
P l ( 0 µg/ml) w,ere incuba:t d for 48 h at 9°C in a 
humidified atmospher with 5% CO2. Culture 

upematant from centrifuged plate (800 g at 4°C for 2 
min) er harve ted and tored at -80°1C until ana1 - zed. 

In rferon ... y as measured u ing an 1 -y capture 
b orbanc of standards control and te 

sampl as det rmined at 10 nm u ing an automated 
E I . plate her and reader. Interferon-yin , t 
ample determined rom , tandard cunl of 
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ab orbance regr ssed on 1og10 alues of the . -r 
c,oncentration for the dilution of the te t sample that ga e 
absorbance reading fallina in the linear portion of the 
curve. Th -y concentration in culture upematants 

as calculated by multipl ing th a)ue from the standard 
cur e by the dilution factor .and was expressed as 
picogram per milliliter. 

To e -aluate yntll si of D · b MNL cultures of 
MNL were establi hed in flat-bottom d 96-well ti sue 

culture plates eeded with 5 .0 X I 05 cells/ml in a final 
elume of 200 µl containing So/o FCS. Lymphoc te 

proliferation as essed in unstimulated M cult res 
and in culture stimulated with P (1 µg/ml ) or 
concana alin A (1 µg/ml). Cultures were incubated for 72 
hour at 39°C in a humidified atmo phere containing CO2 

and th,en pulsed with 18.5 kBq of [methyl-3H]thymidine. 
Cells were harvested 18 hour later. Retained 
rad1oactivit expres, ed as counts per minute was 
determined b liquid -cintillation pectrophotometry. 

Data were analy ed by the a. · plit-plot t pe of 
repeated measure Al OVA. 

Results 
There ere significant (P=0.0001 day-related 

changes in the percentage of positi · e MNL that expre . ed 

CD3+ yo T cell B cell and major histocompatibilit 

complex (MHC) clas Ir antigens. The other antig n.s did 
not change with time. The MNL population from 1-da -

old cal es had higher percentages of CD3 cell than did 
3- or 4-d-old cal es (P<0.0002· Fig. 1) .. Percentages of yo1 

T cells in the MNL population from 1-day-old cal e were 
higher when compared with from 2 3 , • and 7 day
ol cal e and in ne born cal es (P=0.0005; Fig. 1 ). 
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Figure 1 : Mean percent of mononuclear 
leukocytes (MNL) positive 'for co,3 (open square) 
or yo-T cell (x) markers. 

ononu lear I ukoc te population from I- a . -old 
cal · s had high r per entace of B cell hen ompared 



·th MNL from cal , e . at birth and with · 1 
• om alve 

at 6 and 7 da of age (P-0.0007· Ficr. 2). C'on . er el th 

percentage MHC cl - II antigen+ cell · 1n MNL 
population - fri0m 1-d -old -al e w · lo er than that in 

_ population from 2- J- and d-old calve 
P-0.000 I· Fig. 2). 
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Figur'e 2· Mean percentage mon1on,uclear 
luekocytes (MNL) positive for 8 cell (½) or MH1C 
class II (x) cell surface markers. 

A strong po .. 1ti e correlation bet . een percentage - of 

monocytes and MHC class Il antigen+ cells was detected 
(r-0,.81 · P=0.0001) and a negative corre]ation betwe -n 

MHC class II antigen -ell and D3 r=-0 47· P=0.0001) 

and CD4 cells r=-0.46~ P=0.000 l) wa . detected. 
Mononuclear population · from neonatal ca] e had 

. ignificantly higher percentage . of CD4+ and CD8+ T ceH 
yo T cell and monocyte , and lower per entage of B 
cells when compar · d with MNL populations isolated from 
adult co,w'S (P<0.05 · Fig. 3). 
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Fig,u.re 3: Mean perce,nt of mo:nonuclear 
leukocytes (MNL) from calves (open bar,s) or 
cows '(s,olid bars) that were positive for. cell 
surface, markers .. 

Cultur,es ofMNL from neonatal calve · er ~ 
unre ponsive to mitogenic stimulation in terms of secretio 
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... 

of IgM. Th se · ultur - reted a mean of 2.7 + 0 5 ng/ml 
of IgM hich remained relative! un hanged · r the 7-
day p riod. A]thou0 h I0 M , ecr,etion by un timulated ceU 
fro a ult co s w imilar to e r tion by un timulated 
ell . fr , m cal e, .. adult cells stimulated with P 

,-ecr,eted fi to _ i time more IgM th n did PWM 
timul . l, d alf • ells (Fig. 4) .. 
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Figure 4. Mean polyc1lona.l lgM production by 
m,ononuclear leuk,o,cytes (MNL) from calves or 
cow,s. The M1NL were either unstimulated 
(ha,tched 1bar), or stimulated with 0 .. 08 (solid b,ar) 
o,r O 32 mg/ml of PWM (open ba,r). 

In erferon-y secretion by unstimulated calf cell 
remained low and un hanged (<55 pg/ml dnring the 7-
da period. ell , from 1 to 4 da --old 1Cal e that wer,e 
timu1ated with PWM eiereted I - IFN-y than did cell 

from precolo tral (d 0 and 7 .. da -old ca] es (P=0.003 · 
Fig., 5). 
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'Figure 5: Mean IFN-y (solid square) pro,du,ction 
and proliferation (open circle) by per1phera 
mononuclear leukocytes fro:m calves 

though IFN-y retion · y un timulated cells rnm 
du t co , wa .imilar Lt secr1eti on b un timulated ceUs 

fr m neon tal al es-. ell from adult cows ecreted I 00-



fold more , -y wh n · timulated with PWM ( 688 ± 
1 616 pg/ml s. 73 ± 4 pg/ml produc,ed by P 
· t1mulat d ca)f cell ). 

Calf leukocyt timulated with PWM or 
oncan al:in · incorporated significantly greater amounts 

of [3H]- hymidine than did un timulated cell (P=0.000 l ). 
Synthesi of D A in cell culture timulated with 
concana alin A a greater than in parallel WM 
timulated cell culture (P=0.002 · Fig. 7b ). ynthe, i of 

D ' · b un timulated and mitogen- timulated cells from 
3- and 4-d-old calves was lower than ynthe is by c II 
from calv at birth (d 0) (P =0.0001 Figure 5). The 
magnitude of mitogen-1nduced D · -A . nthesi in cultur,e 
employing c Us from calves and adult w · imilar (data 
not sho n). 

Discussion 
Major changes in the compo ition and function o 

p ripheral blood MNL were seen in cal es during th 7-
day penod. Results from the phenotypic analy i of calf 
MNL populations in this ... tudy s,upport earlier repon 
indicating that neonatal ruminants have higher percentages 
of circulating yo1 T cell and lower percentages of B cell 
than adult cows.. Although mitocen-induced 
lymphoproliferati e response of calf MNL were similar to 
the respon e of MNL from aduJts functional capabilitie 
(i.e. IFN-y and IgM secretion were much lower. 
ob -ervation, in humans and mice indicating that neonate 
have a greater proportion of nai e Tc Us T cell capable 
of uppre _ sing lg production by B cells. and also antigen
pre · enting cell with ineffecti e co timulatory function 
and lower cytokine-producing · apabilitie when compared 
- ith adults might e p]ain the e result . In contr t to the 
trong positive correlation , ,een between the perc,entage of 

CD3+ nd yb T cell and the ability of the culture of M 
from adult cow t-o ·. ecrete . -y M from I-day-old 

calves had the highe t percentages of CD3+ and y6 T ceU 
bu dimini hed capac·t to produce IFN-y. Qualitative 
differ nee between neonatal and adult lymphocytes 
mentioned pre iously could account for the e difference . 

A dram tic da -to-day effect was seen in the abilit 
of the calf M · , _ to UJ\d rgo I mphocyte proliferation in 
the abi1it of the calf MNL to ecrete IFN-y 1n culture. and 
in the percentaae of 11 expres ing pecific antigen . 

Th re as a decline 1n the percen ge of MHC Ir c 11 in 
the - ithin the fir, t fe . day after b-rth. In addition 

there .. a a _ trong positi e corr lation between MHC Ir 
cell and the per,centa0 e of monoc te in the, e 
p pulation and a trong ne0 ati . e correlation betw en 

MHC Ir cell and CD and CD + 1- mphocyte u.bse 
_ timulation of ho ine b P prefer ntiaU 

nhr.dlced proli era ion of CD4+ Tl mpho le, . Thu in 

thi tern th CD4 T c ll r likel the major 
- r tor o -y. 1 than effi ctiv · acce 11 
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function i.e. lesser numbers of MH~ antigen-
pre enting cells or lower antigen-pre enun,g cell to T ce11 
ratios might ha e contributed to the reduced proliferation 
and . ecretion of IFN-y by MNL from these calv,es~ 

Colo trum contain higher cone ntration of 
immunosuppre · i e fa tor, . uch as corti ol 
prostaglandins and transforming growth factor-~ h n 
compared with mjlk that may have contributed to the 
uppre ion in lymphoc te proliferation and -y 

production ,een within the fir t 4 day after birth. Serum 
1 25(OH 2D is al o ele at din these calves at I to 2 dafter 

birth. upplementation of culture of , from adult 
cattle with similar concentrations of thi compound h 
b · n . ho . n pre iousl . to inhibit c 11 proliferation 

,,, 

decreas the numbers of HC Ir and interleukin-2 

receptor+ cell and suppre e -y ecretion. The calf 
also has ele · ated pla ma corticosteroid concentration at 
birth (~8 µg/dl which decrea e to ~4 µg/dl within 24 h 
Con·co teroid hav profound immuno .uppres i e effects 
presumably because they inhibit the acti v1 ty of 
tran .cription factor nuc)ear factor 1CB which is needed for 
the expre sion of numerous molecule of the immun . 
s tern. De amethasone , uppresse - IFN-y nd IgM 
seer tion by m.itogen-.stimulated peripheral blood 
leukocytes i·n adult dairy cow . Thu thes,e different 
factors could ha contributed to the ob erved decrease in 
IFN-y secretion or MHC II expres 10n, or both as · ell as 
to the diminished l mpboproliferati re ponses of the 
·, NL i olated from 1- to 4 da -old calve .. The ynthetic 

conico teroid dexametha one ha also been shown to 
affect adhesion molecule expre , ion in l mphocytes from 
15-month-old dairy bull . Expre · ion of adhesion 
molecules on periph ral blood could hav been 
influenced by circulating 0 1ucocorticoid in 1-d-old cal es. 
Thi may hav,e led to the retention ,of T and B l mphoc te 
in circulation resultin a in higher percentage · of these 
populations in 1-da -o]d calve . 

onclus1on 
The e result . ugge . t tha th C re is a window in the 

f rr t few days postpartum when _ r I factor contribute 
to an immunosuppre ed state in the calf maJcin a it highl 
u cept1ble to infectiou di ease. Thi ituation is unilar 

to the immunosuppres ion een in the dam in the 
po tpartal period.. The cal leuko te re~ain th ir 
functional and proliferati e abilitie by the end f the 7-
d period. Dramatic ph iologic chan°e occur in th 
neonatal calf in the fir t few da ,after birth. clearer 
under tanding of the e e ent would increase our 
kno led,g o· he health and producti it of cattle. 

arnes are necessary to repon factually on a , a.ilable data . ho e er. the 
SDA neuter guarani s nor arran the standard of the product, and 

th use of th name b ... lhe SD _ imph s no appro al of the product to 
che e clu ion o · other that m aJso es Hable. 



Function and Composition of Blood Mononuclear Leukocyte 
Populations from Holstein Bull Treated with Dexamethasone 
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Summa and Imp icatioos 
To char- terize further the ef e t o • rtico t _roid 

induced tre · s on th imrnun , · tern o · i at l 
functional and h notypi hara t ri · ti of bl d 
mononucl ar leu t · 1 B 1 C) from • ontrol and ted 
[.04 mg d ·. am h one (D /ka p rd or 3 con e uti 
d] ol tein bull · were ··· aluat d con urr ntl . n · 
admini ttauon of DE au ed pro ound and i0 nifi ant 
reduction in th ap cit of ],e tin- timul ed PB-. t 
s rete ih . c to in . int _ eron-y -y and p l Ion al 
immunoglobulin - 0 )~ Chang in the ecre ·ion of Lh e 
prot in . · ere as o iated · ith hang in ion per 
cell of . 1 C clas I and II antigen and th _: CI ti 
and in th proportion of B c · II CD3 ell y6 T _ d 

MHC cl IY c U · . ecr,etion of b 

correl ted po iti 1 ith the percenta o D T n 
(primaril the yo T cell ub et in PB- C population and 
xpr-ssion. of . HC las I and II antigen b these U. and 
orrelated n gati l ith the pro onion of ell _pres ing 

C cl · - ll an ·gens. 0 ,erall the re ul u.gg .t that 
coruco tero1d-media ed tres ·mpair e retion of protein 
critical for aormal cellular and humora immun re pon · e ·, 
an eff ct mac i trongl corre ated ith chang 1n 

omposition of circulating PB C popullatio.n. 

lntroductio"D 
Rele e of corticosteroid from the dr nal co ex in 

respons to trie s can ha profound effec · on th 
circulation and functional capacitie of cell of the mmmune 

tern The peripartum period o th dairy co h be n 
as ociated with el,evation in the concentrati n of plasma 
corticosteroids reduction in th function l capacitie of 
blood neutropbil and lymphocytes neutrophili · , and an 
increased susceptibility to infectious dis1eas,es (i.e. ma titj ). 
Recent research at ADC ugge t . that in dairy cattle the 
anti-inflammato, action of corticosteroid · i t pre en 
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m10 ·ation of n utrophil rom blood b down@regu.latin " 
e .pr · ion of l uk yte adh ion _ · ] . u]e - , electin and 
~2-inte 0 rin). Both, n l -ul, nti I for th 
m v menl o neulTo hil . int . p riphera] ti . ue . 

R gardin th effe of DE . on the PB. Co dairy 
c ttle Burton and hrli ha e hown recent] that D·E 

prornot mi gr ti n of yo T cell out f the circul ti · n b a 
me hani m independent f L selectin. In thi tudy, DEX 

id not aJter migration o a~ T c Us. The · po tuJa ed tha 
1f . r di tn ution the yi T c 11 ub et i induced D X 
tr · ould promot mo- m nt of thi population o 
pith _ lial urf c hen the fir t hne of d en pr ide by 

n utro hil i c mpromi ed. 
· one i- abl co po itional channe in PB,MC 

p pul uon induc -d b DE · would 1nfl enc the functio · al 
ap I o thi population. The objecti e of thi tud 
_ re t e a1 at in ung dai bull the e fe t of E 
mini trati n n tbe in itro c pa i of PB -c p pulation 

to rete . _ -y and pol · clan J lg . and to determin 
, r o i tion j · d be e n functi o al c pa it 

d compo ition of th PB · _ population. 

aterials and -etho -
· oung Hal i in bull ere u ed th t had reached 

exu . maturit b for die , re iniuated. Four bull 
· er e ted , ith DE · and four , ed a un tre ted 
onrrol .. The DE injected Lm. once dail £ r thre 

n ecuti - da t .0 mg/kg ( n do e f 6.8 mg/d per 
bull). 

Blood from control and treated bull , collected into 
a id-citrat -d xtro e b jugular enapuncture on da - -5~ -

. -- be or the -rr t treatment (d O I and on day - 2 4 5 
9, 10 _ nd 11 after the ~rr inje tion.. ample taken on d 2 

er tak . n immed1 tel b fore the third injection of DE . 
The P'B C1 ere enriched b · d nsi ty grad i en r 
c ntrifugation of bu coa reco ered from each blood 
ample .. 

Inter eron ( · -y · e r tion · as e aluat d in PBMC 
culture est bli bed in flat-bottomed 96- eH pol tyrene 
i u - cul re pl 1tes. LI (200 000/well u pended 10 

· -I 1640 ( ith fetal bo in ·· erum~ antibiotic nd 
am·p otericin B were timulated with 0 5, n 10 µg/ml of 
po e eed mi togen (P · , ). Culture . prepared in triplica e 

er_· in ubated at 39 C in a humidified tmo pher ith 5% 
CO_ for4 hour. Culture npematan : ere bare ted 

· om ceff · · tuaed pl · tes and tored at - 0 C. 
lnterl_ ron-y ng/m in culture -upematants a 

antified b an · - capture ELI , . The IFN in t _ t 



ample was determined from a tandard ab orbance urve 
regre ed on · 1-y concentration for the dilution of te t 
amples that ga e ab orbance readings falling in ·ide the 

linear portion of the urve. The concentration of . -yin 
upematant det rmin-d by multipl ing the alue f om 

the tandard cu e by the dilution factor. 
Secretion of pol clonal 1° bj PBMC was as ayed in 

flat-bottom 24-well tissu culture plates inoculated - ith 1.5 
06 ell in 1. ml ulture .. Th PBMC · ere tirnulated 

with PWM (0 and .08 µg/ml and incubated 14 d at 39°C. 
up rnatant ( l 00 µl) from each well remo- d after 

centrifu -ation (400 x g 5 min at 18° C) and tor d at -80°C. 
The lgM in upernatant from un timulated and PWM-
timulated cultures as a_ ed by an ELI .. Th 

concentration of lgM µg/ml) · as cal ulated b comparison 
of the ab orbance of unknowns with ab orban e of 
standard ( eriaJly diluted bovine IgM fit within a linear 
cur e .. 

Indirect fluorescent antibody immunostainina was u ed 
to identify T cell ubse B, cells and MHC cl s I and II 
positi e cells in PBMC uspen ion . Source specificiti 
isotypes, and working di)utions of monoclonal antibodie 
and econdary antibody are gi en in a previou ly pubh hed 
manu cript (J. Dairy ci. 80[10] :2403-24 IO 1997 . 
Antibody-labeled u pen ions of PBMC were examin d 
using a FACScan flow cytometer (Becton Dickinson). 
Acqu·red data were analyzed u ing Cell Que t soft . are 
(Becton ic in on . Variable recorded for each marker 

ere percentages of cells staining positi e and the mean 
fluorescence intensirie of those eel -. 

Data were analy ed b a plit-plot type of repeated 
measur,e OVA. When the int raction of da and 
treatment was ignificant difference. er analy ed using 
Student t o ample t-test. Pearson · product moment 
correlations were computed between PBMC phenotype and 
protein (IFN-y and IgM) secretion. Stati ti al ignificance 
was determ·ned at P~.O 

Results and Di.sen s1on 
In ivo administration of DEX to bull re ulted in the 

imultaneou inhibition of IFN-y and IgM -ecretion by their 
PBMC (Figs. 1 and 2). Changes in the secretion of these 
prot ins were as ociated with significan changes in the 
composition of and antigen e pres ion · indicated b MFI of 
antigen by the PB C population (Fi0 • 3 and 4 . The .e 
result . indicate corticosteroid affected change in the 
PBML population that alter the capacity of mononuclear 
eukocyte to ecr t protein e ntial for normal humoral 

and cellular ·mmune re ponse . Effects f DEX on PB C 
in cattl 1e can bee plained by recent tudie indicatino that 
corticosteroid can inhibit tran · location of the transcription 
factor nuclear _actor IKB to the nucleu where it normal] 
as iate with re pon e elements essential for iadu tion of 
gen s or a · ariet of immunoreceptor . cell adh ion 
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molecules cytokines h matopoetic growth factor and 
acute phase protein . Pre iously reporte . hanges 1n L-
electin and CD,18 1expres ion on bo ine neutrophils and 

compositional change in circulating T ell population in 
cattle ma be con equences of th ffect . of DEX on 
multiple genes encodin key immunore.gulatory protein 

Positive correlations between IFN-y secretion by 

PB L in itro and the percentage of WCI T cell 
(con i f ng mainl of y6 T cell ) in the PBMC population 
(Table l are inter sting becau e published data indicate 
that y6 T cell ecrete -y and that peak production of thi · 
cyto inie during infection coincide with peak acti atjon and 
r cruitment of macrophage .. Concei abl effects of DEX 
on the distribution and function of the y6 T c II ould 
compromi e the frrst line of d fen e and protecti role 
pro ided by thi T cell subset. 

Becau e PWM i a T cell-dependent B cell ntitogen 
for bovine PBML in itro the po itive correlation between 
lg ecretion by P -stimulated PBML and perc·entage 

of T cell (CD3+, CD4+. and WCI T celis were not 
urpri ing (Table 1) The e results uggest that reduc d 

secretion of lgM in cultures o PBMC was not onl due to 
DEX-induced reduction of B -lls in the circulation but al o 
likely due to dtrect effect of DE - on the di · tribution T cell 
populat · on . upporting by B cell function. Positi e 
correlations between the per entag of yo T cell in the 
PBML population and the capacity of this population to 
ecr te lgM and IFN-y ugge t that the yB Tc.el subset 

contribute o both humoral and eel ular immune re ponse 
in dairy cattle. 
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Figure 1. Mean IFN-y secr1etion by cultures of 
pokeweed m1,togen-stimulated blo,od mononuclear 
leukocytes. Leukocytes were from untreated bulls 
and bulls injected intramuscularly with 
dexamethasone.. The 3 consecutive days of 
treatment a're 1nd1cated by arrows on the absc•i.ssa,. 
Secretion by contr1ol versus treated bulls on a 
spec1f1c day (.*P<.05, ***P< 801) 
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Figure 2. Mean lgM secretion by :per·,p,heral blood 
m01nonuclear leukocytes sti,mu ated with p10keweed 
mitogen. Leukocytes were, fro,m 'Untreated bulls and 
bulls injected intram1u,scularly with dexamethasone. 
The 3, consecutive days of lr,eatment are indicated by 
arrows on the .abscissa. Secretion by control versus 
treated bulls on specific day (*P<.O5). 
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Fi1gure 3: Mean fluor,escence intensity (MFI) of 
various a.ntigens on the surface of bl,ood: 
m0n1onuclear leukocytes from bulls in1ected1 

intramusc:ularly w th dexamethasone. These 
leukocyte popul,at10,ns were used in cultures 
evaluating their cap,acit1es to secrete inferferon-g 
and lgM. Pretreatm,ent ver.sus treatmen,t va.lues (*P< 
.001 ). 

Administration of DE- increased the percentage of H 
class If" cells and simultaneously reduced mean fluorescenc 
intensitie of MHC las I and II antigen (Figure · 3 and ) 
confmning results of studies in dairy cattle and other species 
Becau e of the e ential role of these molecule " in antigen 
pre .entation and recognition change- induc d by DEX would 
be expected to aft ct ad ersel · the adapti e arm of the 
immunes stem .. Po itive correlation· betwe n - HC antic,en 
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ex.pr ion (MFI o MHC la I and II an igen and pecific 
functional capacitie of the PBM _, uppon thi . _ uppo ition. 
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Figure 4. Mean perc·entages of cells express.1ng 
specific antigen,s within the mononuclear leukocyte 
popu'.lation recovered from blood of bulls injected 
intramuscularly with dexamethasone.. T1his 
leukocyte population was used to inoculate cultures 
evaluating thei.r capacity to secrete interferon-g1 and 
lgM Pretreatment versus treatme,nt values (*P < .01, 
•*p < 001) 

In conclu ion admini ·tration of DE to dairy cattle 
au ed compo 1tional change in the PBMC population tha' · 

w re as ociated ith a reductJon in fun tion 1 capacit1es-of 
PBMC The e resul - upport th recommendation that 
diagnostic te ts measuring c • H-m.edi ted immunit L . JFN .. y 
production in e aluation of MJ cobacterium bo is infection 
tatu be interpr,eted with caution in tre ed cattle and cattle 

gi. en cortico teroids becau e the chance of fal . e negativ 1n 
such tests wo Id be gr ater. imilarly the po ential of natural 
or th rapeuhcally indu ed levation _ in cortico teroid to 
r· · uce responsi ,enes of cattle to vaccine . that r,e] on 
antibod produ tion for a pro ecti e ,effect should be 
on · idered. 

Results from the present tud . linking fun . tionaJ and 
c mpositional charact ri tic. of the PBMC population 
uggest that the be t overall predictor of the capacity of a 
oung bull to mount a normal immune r pon e (as mea _ ured 

by in itro -y and lg secretion} ma b expression of 
MHC cl · II molecule . and the percentage of y51 • cell in the 
PBMC population. The e ph · notypic ariabl s might · e as 
. ensiti e and ea ily :m asured indi ator of stre · in dairy 
c ttle if associations between composition ,and functional 
capacity of PBML are confirmed b uh equent tudie . 

_am ace ne ary to, report factuaUy o · a ailable data·, bowel'er the 
D · neither arant es nor warrants the tandard o the product,, and 

the use of th name b . the U D impli _ oo appro al of the product to 
·the - h1Sion of others that ma al o b uitable. 

1 · u.rr n.t addr : Depar m nt o,f nimaJ de nee . ntbon Hall 
Ii _higan tate , .ni e~ i · E · t ansing · -48824-122 . 
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Characterization of Teat End Changes or Lesions Especially 
During Winter and Strategies For Prevention and Therapy 

Leo Timm _ e ten ion dairy peciali t· Marj · rie 
Fau . e ten io1n dairy spe iali t animal ience 
Mark Ackermann a i tant profe I or ollege of 
~ eterinary Medicine.. o a State · ni er it and 

Marcu K hrli Jr. a ociat prof . r , 
atio,nal i a1 Di ea e Center 

DSL-139 

Th · objecti e · of thi . re earch are to: (I) E aluate the 
prevalence and dynamiC' of · eat nd le ion · (2) characterize 
the tissue change as ociated ·th le ion de elopment and 
regression· (3 )in · estigate en ironmental infectious and 
me banical factor ~ oci . t d ith teat end le ion .· and ( 
de e]op therapeutic interv ntion to pre ent or decrea e 
lesion development. 

,ateri.als and etbod 
A longirudmal tud to evaluate teat end dynamic as 

initiated in De _emb r 1996 and will continue until Jul 
199 8. All 1CO , and I · te ge tau on heifer at the I· · Dai -
Farm will be used. This includ 170 milking cow · nd 40 
dry cow · and late gesta · on heifers at an . given tim -
Lactating co s are hou . . din two tie tall barns (55 c ~ 

each) and a free · tall barn 60 co ). Hol t 1n 2 yr olds and 
all fi e other dairy breed ar housed in one tie stall barn 
whereas aged Holstein are hou ed in the other. Late 
lac tation cow o all breeds are ho·u ed in the free tall barn. 
Dry co and late lactation b ifers .are housed in open 
.beds. 

Teat and teat nds were initiall e- aluated ( very 
lactation also for hape l1ength and condition. holograph 
of all teat ends were taken initially to serv a ab eline. 
Teat end were scored every 3 day b 2 to 3 independent 
· corers by using a 1 to 5 y 1em (0 .. 5 in · rement ) from 
December ,. 996 through April 1997. Photo of teal ends of 
18 cows (72 teats also were taken on the day of coring for 
8 con ecutive weeks (t o ,groupi ,of I ·. differ . nt cows 
photographed from De · ember 1996 lhrough March 1997) 

The teat end scoring y . t _ m wa -as follow : 
1. mooth bottom - no callous1 or ring 
2. slightly rai ed callou or ring 
3. raised callous or ring (te , t • nd · · a inpoint 1 

4~ raised ring with era_ king/cu on te tend kin 
5. lesions/ cabs/ xcessi e h_ per.akeratosi 
(1 to 5 pt cale with 0.5 increment · 3.5 = s in break/cut) 

79 

half udder design trial to e . aluat . po t milking t a 
dipping ith or ithout sub equ nt sal e ·pplication w 

ondu ted for 8 ·"'eek on free stall cow . A 2-mon th . tudy 
to e al u te a n e·I 01. ol · . a comm ere ial 
chlorhexidine dip po · t milking al o wa conducted u ng al] 

la tating cow January 1997 through Mar h 1997. 
Teat end w r _ e . aluated eek.Jy by one . corer from 

M 1997 through October 11997. Tea ar WT ntly being 
cor d eve two day and thi wiH continue unti I April 

1998 wb_n w kJy coring will resume 

Prelim1n.ary R ults 
Data i current! being analyzed on all aspec of this 

tnat Teat 1end corin0 data and dynamic from December 
1996 throubh Mar h 1997 1.s pre ented in the following two 
figure . Ther was sianifi ant • ariation thin an individual 
teat end ore o -er time · <.00 · · 1) and signific nt shifts in 
co · and herds a · er ge score over the three-month period 
po ibly a s ci ted ·. ith temperatur change and fluxe ~ 

ariation bet een core . was not ignificantl differ . nt 
(P=.45) nor wa for a gi eo day bet · een udder h lve ( left 
v.c.. right P=.87).. ariation between teat . core o different 
barn approached .ignifican e D.09 with highe t cores een 
io am . ·th 0 1lder early lactation Holstei and score 
between front and r . ar teats f lactating co s wer 
ignificantl differ1ent (0.13 core higher in front ea ). 

There wa a significant barn b· day and animal by da · effect 
indi atin teat ,end change were occurring during thi 
period. 
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Modification,s to Enhance Performan1ce of' a Novel Per,siste,nt 
Barrier Teat Dip for Preventing Mastitis During the Dry Period 

Leah l n under,gr ,duat - and 
L o Timm . e t n ion dairy p1 c1ali t 

Animal ienee Departm _ nt 
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su,mmary and Implications 
A no · el per i -ten barrier eat dip d elop d at I U 

was hown to reduce dry period and cal· ing intramammary 
infection I) in a 13 month natural . p ure fi Id trial. 
Howe er problem . 1th dip . 1 ibility on teat end and 
decrea ed dip persi tency du to shearin effe t of the dip 
when temperature were> ·5° F ere encountered. Trial ·· 
were . onducted to e aluate color and i o -i 
modification with the u . om.e being a 12~ pol ur th ·ne 
dip with pink pigm nt no dip , hearing up to l 00°F' and 
. isible from 30 · ard ). The formul tion wa Ii en · ed to 

est Agro Inc .. K.C .. and became comm ,r ia11- a ail bl 
in - ay 1997. Current enhancem nt being . · alu ted are 
germicide inclusion and different adhe_ion promotin0 

compounds. ,Qne protot · pe dip has hown >24 hr in.er d 
protection compared to the _ ommerc1al dip. A 14 month 
field study to evaluate the commercial dip for pre · enting dry 
period I and its potenti - to ub titute ford cow 
antibiotic therap i also current1 und rwa . 

Introduction 
Mastjti re earch has ho n that 40 to 50% of 

intramammary infection (IMI I are contracted during th · dry 
or non-lactating period with the greate t percentage · of thes 
occurrinu during the fir t and last two . eeks of the dry 
period. At these times the mammary gland i ·n a 
transitional tate. Immunological faclot are preoccupied or 
suppres ed milk i no longer being fl hed from the gland 
and increased mammary pre ure di tend the teat, th 
allowing for asier bacterial penetration throu 0 h the streak 
canal. The primary goal for mastiti . control during the dry 
period i to minimize bacterial expo ure on teat , nds. 
no , el persi tent barrier teat dip d eloped at I U as -ho n 
to significantly redu,ce dry period and cal ing en ironm nta1 
Strepto oceal and total intramammary infection b- 63% 
and .37 % , r specti · ely with no harmful e fe t on t,eat ti ue 
in a 13 ·month natural expo , ure field trial. Although the di. · 
per is'tency was e aluated dail during that trial dip 

i ibility was poor from >5 feet due to the opaque nature of 
the dip Also decreas,ed dip visco icy associa~ d with 
temperatures >55°F re ulted in incr,ea ed hearing of the dip 
ftlm and signifi -ant decreases in teat end persisten y and 
protection. The objectiv,e of the following trials vere to 
make modification to enhance vi ibility . maintain an 
optimum --isco, ity aero s an temperatures incorporate a 

81 

germicid and further nhance teat end pe istency and 
pro tee tion. 

I and etbods 
· ibili · : Barrier t , oat ,·ning orange yello . or 

pin ignte_ · w _ re apphed to forty teats each of dry co .s. 
i ual and t at end per i .. tenc apprai al was perf onn. d 

e ery 12 hour . Dip visibility as cored from 20 fi ,et a ay 
u ing a 1-3 oring . stem ith one being e hard to ee 
like original dip) and three bein0 ea-y to , ee and e alua e. 
· pprai al wer1e p,erformed b t o evaluator - indep ndently. 

isco "ty Viscos,ity trials were conduct d at Wesr Agro 
Inc. Kan Cit Mi ouri. Visco i _ measured using a 
VL adapter and m asured · p ·. In·, ·all · , he original 
formula wa " e al uated at temperature ran e from 30- l 00°F. 
'Thi curve as u ed toe tim te the vi cosi · at 50-55° 

h r di b 0 an to hear and as used a mt rum um 
b line threshold for modified dip . The origina1 formula 
contained 10% polyurethane. Modified dips included 12.5 
or 15% pol urethane or a .5% thixotropic non-dripping) 
agent. Te t tub· al o re dipped to e aluat1e produ t. u. a,. e 
rate /dip. A trial using twe] e · ow ( 48 teats) and four. dips 
(3 modification plus original) randomized within c ·W w 
con du ted to evaluate dip pe i tency. 

Adheren e: · o modified dip containing both a genn1cide 
and cliffere t adh sion promotor w,ere tested again t the 
comm· rciall a ailable dip - hich no contain the color 
and i co.it enhanc ments chieved in the fir t two 
e . eriment ,. Twel e co (48 teats) were dipped in a 
rando ·zed f hion with two teats dipped in the ommerciaJ 
dip double blind) and each of th other two dipp d w·lh a 
m dified dip. , eat end per istency and protection w 
evaluated e e 12 hr . 

Results ,and Di cussion 
isual apprai . al of three modified dips ith differ nt 

coloring agents i · shown in Table 1. Teats dipped in the 
pin formulation had uperior i ibility compared to yeUow 
and orange and ··ored 2.8 or better up to 156 hour post 
d · ppin g. The pink dip a also · si ble from I 00 . et 

· 1 · tenc · of these dip i hown in Table 2. T a dipped 
with the pink formulation had the highest percen g of teat 
prot cted >3 days~ A eparate trial u ing fl cow and four 
dips (three colored an · original randomized ithin col w _ 

conducted~ The dip containing lhe pink formulation sho ed 
uperior isibility to all other dips and per i tenc was qual 

( 40%) or bette·r ( 60%) c 1mpared to the other dip · . Based on 
· :se r,e . ul the pink · grr1,ent cho _ en to m . imize dip 

Vl ibih . 
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Table 1 Visual appraisal of persistenit barrier teats, modified to enhance v1sib1hty11 
Average Visual Score Post Dipping 

Color 12 hrs 2A ~ ~ ~ 
Q,rang1e 2.6 2.4 2.2 2.2 2.0 
YeUow 2 .. 9 2.,8 2.6 2.2 2.2 
Pink 3.0 2.9 2.9 2.9 2.9 

96 
1.7 
1 .7 
2.8 

*Forty teats/product evaluated from 20 feet away, 1 = very hard · a see: 2 = fair to see , 3 = easy to see and 
evaluate'; appraisal by two evaluators independently .. 

Table 2 'Teat end persistency, or protectI01n using mod1f,ied persistent b,arr1er teat dips with different 
coloring agents. 

Orange 
Yellow 
Pink 

2-3 da_ys 
56 
S6 
20 

Teat end persistency or protection (0/4) 
>3 days 
44 
44 
80 

Table 3 Viscosity of a persistent barrier dip containing 10% eolyur,ethan,e a different tem_e.e,ratur~s. 
Temper,atur,e Viscosity (cgs) 

30°F 182 
50°F 154 
70°F 119 
90°F 

100°F 
94 
87 

Table 4 Viscosities and ave:rage dip adherin,g/d1pped test: tube using persistent barr1,er teat dips ,conta,i .. 
101

, 12.5, or 15% polyurethane (PU), 10r .5% thi·xotrop1c agent (T). 
Temperature Viscosity (cpsJ 

40°F 
70°F 

100°'F 
Avg dip adhering(g) 

10°/4 _PU 12.5°/o PU 
180 378 
126 236 

90 180 
.025 .032 

15°/4, PLJI 
1086 

662 
462 

.038 

T,able 5 Teat dip persistency or pf'otection using persistent barr,ier teat dips with 1D 12.5, or 15°/4 
polyurethane or ,5% lhixotropic agent. 

Dip Teat End Pe,rsistency 0 1r Protection °/o 

10% Polyurethane 
12.5°/o 'Polyurethane 
15% Polyurethane 
5% Thixotropic 

2-3 days >3 days 
50 50 
41 59 
25 75 
34 66 

.sT· 
358 
252 
182 

.032 

Table 6 T'e,at d,ip persisten,cy or ptotectI01n using a commercially availa.ble persistent barrier teat d1p and 2 
modif·ied dips containing germicide and different adhesion promoting1 com1pounds. 

D11p* 
A 
B 
C 
D 

,2-3 days 
58 
25 
50 
25 

Teat end protection (~lo) 
>3 days 

33 
50 
42 
75 

*Dips .A and C are ieomm,ercially available dip (Stronghold est A,gr10, Inc .. ) while t3 and D a.re modified dips 

containing germicide and different adhe,sion promoting compounds .. 
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Evaluation Of Teat Dip Usage Comparing A Two Chamber 
Siphon Dipper Against A Pressurized Dip Gun System 

Leo Timm exten ion dairy ,. peciali t . Animal 
Science Department· and Ron yman I_: U dairy 

farm parlor manager 

DSL -141 

Summary and lmpli1cation 
compan on of two different method . to appl 

postmilking teat dip was conducted. The t o method were: 
A conventional two chamber · iphon dipper· and B) 
pressurized dip gun. sing the pres urized dip gun re ulted 
in a. 44% decrea e in dip usage compared to the two 
chamber siphon dipper. Returning to the two chamber 
iphon dipper foUowing the pre urized ,gun s tern re ulted 

in an 11 % increase in dip u age. However thi was 37% 
decrease in dip usage compared to the _ ame method u ed 
prior to using the pre urized s stem emphasizing th 
educational role that the pressurized ystem played in milker 
awarene of dip u age and wastage. 

Introduction 
The concept on postmilking teat dippinc has been 

around ince 1916 .. Th original main purpo e of teat 
dipping as to apply an effecti e germicidal product to kill 
contagious mastiti pathogen potentiall- found on the 
re idual milk on teat kin following milking. Thi · 
technolog in conjuncf on with dry cow antibiotic therapy 
wa highly adopted in the 1960 s as two major key to 
controlling contagious mastiti .. A contag1ou ma titi has 
been controlled en ironmental mastiti . h · surfaced as the 
major m . titi problem in many herds. With thi . has com 
the development of p cific dip like barrier dips to target 
the e problems. Al o , with the concern of teat chapping and 
teat end e ion re ultmg from winter weather, ne dip · 
such as powder and gl col based dip and methods ·uch as 
drying teat end after dipping ha e been de eloped. A a 
re ult there are a m n · d of dips for different condition _ 
wt .imilar or different g rmicide content and per1centages 

·a condition rs efficacies and pric often making it a 
complicated de ision for man produc r . 

Profitabilit i ke to the uccess of a dairy operation. 
Controlling co i a major actor in thi . ~ at dip in 
r lation to .eed and labor co t are not a major exp n to 
the d · operation but oft n time re i · con iderable 

rutin concerning co t and man teat di deci · ion ar 
often made tn ur uit of a lo · er co t product Also, man 
tim di are blamed or m titi roblern and it i a - e 
e deci ion to chanae t at dip to impro e effica and/or 
lo er co s. r ul man t t dip deci ion re ult m 

similar or lower efficacy e en though co t may be 
decreased. 

Mo .. attention ha_ been spent on the dip product cost 
rather than the effici nc or dip usage rat · .. The ad ent of 
prayer te.ms for dip application bas re ulted in 

significantl higher teat dip co ts to achie e similar results 
to dipping and poorer rnastiti control hen spra is not 
applied proper! y. High u .. age rate and cost . often lead to 
dee· ions to purchase cheaper dip . The focus of effecti 

,, 

and efficient teat dipping is to elect the mo t efficacious 
product for that specific farm operation and appl the dip in 
a manner that maximize coverage . et minimize 1Uage and 
co t. The objective of thi tud was to evaluat dip u age 
rate comparing con entional dipping to a pre surized dip 
s stem. 

Mate,nals and Methods 
This re earch wa conducted at the I U Dairy Te ching 

Farm. Cows are milked in a ingle e · ghl herringbone parlor. 
umber of cow milked dail ranged from 150 tol 70 over 

the trial and cow were milked 3x from anuary until 
October 1997 and 2x from o emper to Dec mber. Milking 

a · performed b three full tim milkers and man· pan tim 
student milkers. A conventional t a chamber · 1phon dip cup 
w used for po t milkin° teat dipping from January o 

pril. A portabl,e PowrDipper teat dipping sy tem (RJB 
Inc. Mode to C · ) was put at the farm in April with all 
milker required to use it. The tern consi of one liter 
bottle I oupled to a dip gun that has a pi to] grip that can be 
pr1essured using ,an air bulb The dip aun was re earched and 
de eloped to pro ide adequ te dip for four teats ( to 5 ml) 
and maximize displacement propertie . to get effecti e 
co · · ra0 e yet m ·n1mize pil age. The ottle i set in a 
container holder and i . attached to a belt that can be worn b · 
the milker. The belt al o contains a metal holder to clip on 
the dip gun. Thi s . tern a ·. u ed from May to August. In 
, arl ptember the herd return d to the t · o chamber djp 
cup du to• a hole in the PowrDipper ho e from eptember 
to Oc ober. The PowrDipper a - reinstituted at the farm 
from o embeT to December 1997. umb r of co milked 
and dip u ag,e rate as monitored or th · entire ear. 

Results and D1 cu 100. 

Dip u ag re ul ar ho · n in · abl l. Irutial u ag · 
rate u ing the doubled bamber dipper Jan to April were 
8.9 ml or .31 oz/dip (dip= H 4 quarter or one co . 
This ould re ult ·nan annual dip u age/cow of l. or 2.7 
_allon /cow - - or 3x . Dip u a0 e rate u incr the 
PowrDipp r tem ( a - ug ere - .06 ml or .17 oz/dip. 
Thi equ le· to a 44% r,eduction in teat dip u age compared 
to the double iphon dipper. Dip u age ra1e u ing the 



double chamber dipper Sept-Oct er .6 ml or .19 
oz/dip. Th. s equa e to an 11 o/o increase compared to 
re ulte in dip us ge rates of .96 ml or .171 oz/dip similar 
o previous P'owrDippe ra e . 

U inoth . r 'S uriz dd·p y tern re ult d ·na % 
ecrease in dip u age compared c the origin l dipp · r. 

Returning to the ori0 inal dipp r follo ing e pres urized 
dip · y em re ulted in an 11 ~ increas in dip usage. 
Ho ever thi a 37% deer e in dip u ag compared o 

.. 

Po ipper ut · 7% de r from th oriain I dipp r 
r ul . U ing o Dipp r r e ho d 
th am d1pp r u ed pri c r . m. 
mph izing the e uc · on aspe t of ip u ag t 

cornpli h db he p11 e11 
mailer dip ber. Thi t , emphasiz h nc . 
f e aluating effici n } of di u age as a0 an · 

importan e in e aluatin o 1eral e t di o t 

Tab1le 1 Teat dip usage rates usin1g a conventional two chamber siphon dip cup and a portablle press r1zed 
dip cup system. 
Dip Method Dates Usage Ra es/Dip 

Two chamber siphon dipper 
Pressurized dip gun 
Two chamber siphon d1ipper 
Pressurized dip gun 
* Dip = all 4 teats o 1 cow 

January to April 
May to Augu,st 
Sep ember to October 
Nov1ember to December 

5 

ml 
8.9 
5.06 
5~ 161 
4.96 

oz 
.31 
.174 
.193 
.171 
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Evaluation of Recommended and Extended Pirlimycin Mastitis 
Therapy for Recent and Chronic High SCC Cows in Two Herds 

Leo, Timm · t n · .. ion d · · · peci Ii t 
Io a t te ni er it 
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Th _ obj ti e of the e field in tigati n . er t 1
: ( I 

e annn th e iolo and ma titi in£ c ion d nami 1n o 
he d during the int r o 1997 ho e normal herd ulk 
tan . om ti 11 count ) ere b twe n 350 to 

00 000 cell /ml but had jum ed to I million and ~3 
million in the two herd re pecti el · and (2) aluat the 
efficac of recomm nded and tended therap with 
pirHm cin hydrochlonde (Pir ue, Pharmacia/Upj hn C'o. 
Kalamazoo Mn for £ram po iti intramammary infe tion 
(Th-11 ·a ed on dur tion o, le at .d indi idual o . C 
abo e 300 000 cell /ml. 

. ,atenals and th d 
T o ommercial herd with herd bulk tank ' C 

normal I b tween 350 t 500 000 ere cho en for thi trial ., 
Th C in th e herd had 1 at d to 1 mil Ii n h rd 1) 
and 2.3 mi lion , herd 2) dunng mi -January 1997. erd I 
had 7 cow ut ont- 2 ·' · h o . w re initial! ' 
ampled Herd 1 w , hou ed in loafin barn and milked in 

a 12- ,tall f1 t parlor , ith a hi hline milking tern. Milking 
anitation included p edipping and po tdippin · ith an 

iodin dip and drying i indi idual p -per to el . ilking 
ma hine anal i ho d th machine and t m to be 
unctioninc, properl- . Herd 2 ori. inall · had 120 , but 

onJy 86 were ampl d initially duet cullin6 20 ,anim l and 
drying off the re t to try and 'I er CC Herd 2 hou d 
in fre · - tall barn .. and Dlllked in a double i _ parl r ith 
weigh jar . previou vi ,i1 to thi ann in ugu · t I 996 
ho d milking equipment problem · (regulator. pul ator ) 

bu the e probl m had been fixed and th sy tem wa 
fun tioning properl . tlking anitati n inc!ud d pr - and 
po t-teat praying washing udd i with , .. rag and ater after 
pre- praying and dryin° with paper tow · I . Both erd h d 
evidence of · · · nter t at end I . ion and incr · e , 

en following a o'ld n. p. 
eptic duplicate quarter milk · ample r .. n at 

milking time for ub equent bact nol icaJ anal 1 at he 
tart of th trial an at 40-da p l treatment. Quan r with 

gram po 1tJ I r .ated intramarnm 2 · ith on 
10-m pl tet contain1n0 50 mg o pir]imy in Cl ith th 
second tr ,atment 24 hr after the fir . t if that ind i id u l 
an1m . had been >300 000 f r <60 d · pri.or to th . 
tri· .. · nimals 1th chronic h. h C h d th1 h r py 

trate0 repeated three rime ·n ucces ion wi h each erie 
f treatmen starting 48 hr po t I 2 treatment e ·e . 

R ul 
e · nte n cow and 27 quarter of the ·n·tial 29 co 

ampl d ere treat d ith the r _ commended treatment 
protocol in herd 1. taph lococcus aurezls · as found in 1 
co . and 19 quarter (17 n .· high C t o hr ni J and 
· tr1 pt? occu uberi pr nt in eight quarter of even 
o . ure rate are ho n in Table 1. Co Id quart r 

cure ra e for S .aur,eu · ei 7 and 21 % re pecti 'el . ( · · and 
24% if the two chronic hi0 h ,CC quarter w re x luded 
from the data). C10 and quarter cure race for S. uberi ere 
7 1 and 6 % re p ti el _ 

Herd 2 had 71 "h of co ( 61 of 6 and 6o/o of quarter 
l . o 44 infe t d with S. aureus. . total of 46 o and 

12 quart r was ho en for treatm nt. · i t -thr e quarter 
f 27 w , ho c,c had en > 00 00 for <60 da .. 

rece1 ed the r commend d treatment proto ot Cure rates 
are ho n in Table 2. C . w and quarter cur rate for S. 
,aureus · er O and ~. t re p ti l , ith a % quarter n 
in£. ction race dunn that . riod. ixt · uaner of 19 co 
- ere pr ented for · nd d therap { 4 quarter o · 16 a 
with chronic hi ah 1 

1C .. 12 quart r of 3 o · ith re ent 
C ·ncrea e <60 da )). Co and quarter cure rate fo S 

aureus ere 0 and 6C¼ r cti I · for hroni high · C 
co and O and 50~ for re nt hi0 h CC o . 

Cur rat or . uberis in h rd l er• imilar to 
previo tudi . Qu- r cur r te for S. aureu in herd I 

er hi0her 24% compared 1th herd_ 3~) in co ith 
rec nt hiah and r ommended treatm nt tra.t .. 
although co ure at . ere both <10~. Lower herd 
prevaJ n and multiple quarter I o infected ith S. 
aureus ombined with b tter milkino- managem nt ma 

xpl · n th differen · e . ure rate for r ent high , CC 
o w ~ Ie_ thane p t ·db edonr ear h ho ·nghi0 h 

cur ra~e for •. aureus if th - infi ti n i tr t d ithin 60 
da , po . t-infe tion. Our ·. ur rat ma ub tantiat that 
ele ation in C m not b a good indicator of initiation of 
1nfecti n e p i, II . in llich pr al nee h rd . uarter cur 
r for t nded tberap er high r in r cent high CC 

· w . 0% omp , d ith hroni hi0 h ·· c % 
although CO\\i' . ur rat r oth zero. E · t nd d therap of 
recen high ed ,e-reat,er cur r · te th n 
re mm n d th r p . · urth r tudie , t 1 alu t 1f 

_t. ·nded th r p for re nt high 'O in high 
pr a] n · . aureu i o t benefi i I are arrant d. 



Table 1. Cure rates for herd 1 ( all treated with recommended 1p1rl1mycin therapy*). 

Cow cure rate 
Quarter cure rate 

S. uber,s*• S.,aureus*** 
% 

71 
6,3 

% 
7 

21 

% 
8**** 

24**** 

* reated intramamma.ry 2X with one 10 ml plastet containing 50 mg of pir imycin HCI 2,4 hrs apart. 
* Seven cows; eight quarters. *** Fourteen cows, 19 quarters. 

**** Cure rates for 17 quarters with SCC >300 000 for< 60 days (two chronic _ Jart rs excluded). 

Table 2. Cure rates for S. aureus (herd 2) using recommended or extended pirlimycin therapy.* 

Cow cu re rate 
Quarter cure rate 
Quarter new infection rate 

Recommended therapy** Extended theraQy (0/o} 
0/o chronic*** recent** 
0 0 0 
3 6 50 
3 

'Reco1mmended therapy= treated intramammary 2x with one 1 0 ml pl:astet containing 50 mg of pirliimyc1n HCI 24 
hr apart; extended therapy= three series of recommended therapires 48 hr apart. 
** Cows with S,CC >3,00,000 for< 60 days· (recommended 27 cows 67 quarters; recent extended: three cows 
twelv1e quarters). 
*** Cows with sec >300,000 for> 60 days (16 cows, 48 quarters). 

87 



1996 I 

De elopment of an lmpro ed Model for Mycopla ma bovis 
induced arthriti , pl uritis, and teno ynovitis 

. 
rn tu en 

D L-14 

b tra 
ugh t al t in d p t uriz d 

l · din h ed in t 

0 th re i n ath · l 
itb /ml. and t e ,re i I 

u ou I ' t r 1 · /m . of 
pla ma bo B i t m ecent · 1 ld e . 

T ere ne ro, i d nd three , t 
i ht d t-1no uJ · . · lung · n re 
anged I 17 ~ · th ed in -

ino ul , ed cal e . 1cro opi I I i n 1n th ITh-
n u ate cal e ·n uppur ti 

an . hi ti c u · t e r al e i d t e i ht 
d • ha , mo , t linical - , -n n m d 

llin in th c al ,e xhibit 
ne ro uppurati p riarthriti , arthri i n no iti . 

,opathologi al xam · n tion o th join n ium 
re ealed fibrin p ati i tiocytic i flamrn _ ti 

ith th onnation o b un in of , eou 
n ro . bo · ltu ed I lu r 
l'm joint h · 11 n d inte tinal 

1 born um i un and colon and organ 
pool (h er dne and pl n) o culat d aJ 

e inocul t d ub u n ou 1 ked linica illne 
oth r th ·· me urable ubcutan -u i o infl 
h morrh ge and earl b , rmati n 

. . 
cm. 3.0 cm. to .. 5 cm. . 1n 
it Hi tologic ' 1 th i n w r 

c · aracteriz db ulti o 
lbrin up ur .ti e an hi ti . ti r , 
. bcu ou · rtion of th - d nni . 

· ninth 
he intrath 

de crib d h uld u ful for tud -in 
_d p uriti . . 

·n cul ·on 

i mo 1 
d arthriti 

Ki y ord . hriti · intrathor cic inocu fon · d u ·ital 
a ce e · M coplas,na b i ; pl uriti 

M 'cop,la ma bo i ) i i d i th · 
o · ne di e· in ludin0 arthriti and pn um ni 

and dl c t 1 m . tit1 and n ·t I lr ct 
infi . i n . ·6•7·9•13 ue t , · - ty nd _ u nt ,oc, u n 
of uch di e e _ · B, i co ider · th o t • u-ul nt in 
m copl · in th nn d t t .11 r o 

. . 
o-1n ec . h s 

d Pasturella h ol 1i a .. 
. 
in 

nr. tial viru n /or b in . 1 di he 
h l . 14, l · aemo ti a. · 10n . ted ith 
d cri ed b . oliti i h 
o l m ho 1 nd · 1 

pir to 
nd P. 

r 

n cro i urr unded b m non I ear 11 . 1 In add· tion 
dram tic in · re ·n th ·. ri of illne an t,ent o 

neum ni con r d whe in , ulated 
ri r . haemol) re ·. 

. h o •· · e ult in ariou me o , to 
det c ot nt m n m. M. bo is 

en r m blood h h d 
n_ oph 
lu g Ii er . J 1nt n 
re 0 • on , utir zin nu · . 1d pr e 0•1 -

re tion P R 1 

10 immunohi to h IDl al l naJ 
erurn-b ed immun hniqu c 

techniq ·n pl m ommo iagn da · 
in di . I b " nd . . h 
t h . . id n i . . 
rom 

n t 
for thi 

JOln in i ono tic 
EJl11l~ ~.. m an 'In 

oci ti n i 
1 

•. u - r re ir to · tr t 0 

re lthou h the 
. . 

r _ m 1n un -o n . 1 n u 
B . - m i mil d1 

d viL _ }iz d · , ue 1 · n a) · , 

dir t n - al n b 
C. f ne · i 1 t 

qu ntl in 
·1th incr ,~· r .r11. r ,L• and e · 'n the di 

0 

n 

natural 
B 

. 

d _ 1 

B-. 
id _e n n 
m ra uuc n 

r _ e 

t · nt nt o · 

pre ict bl r · r du i 
utiliz · o tud th 
tr tm nt d J'-'£L3 • , 

di . ._........,. ..... 

t t d 
lh t 

p 

elo · a 
D 

. 1 i d or -in u , d di L.a...'n ... 

-id no p t b · r Ii bl . 1 

d 

n u did n t · an 
n0 . · . uL_ d 

. i cul '. · utiliz u 1 hi h do 
neum · r r illn not pr du 

] u 
n ,0 thi tud 

. 
0 1 ......... ~""' rm.non · 
in ub lion 

,t l ti -
H -f . 

t rd nn r n h · nt · nd 
imm di te r, · · o th arm. In 
ino ul ti n h .• b n f nd t, h e 



do age ther for low dosa~ . , re intr du . d 
1ntrathoracicl int th . luna ti u (Ro nbu ch 
unpubli bed . ubcutan ou route i u efu in th tudy of 
cellular re pon e to MB and allo or palpation of th · 
pro nd regre i n of ab · ec»C~~ .... in th,e Ii e animal. S 

. ater1al · and · thodc 
· e en Hol tein c l re . ginany delivered into 

terile can bacr and imm diat l removed from the 
upplyin 0 dairy farm and pla ed into calf hutch in a 

pastur _. o]o urn a obtain d from th d · fann 
uppl, ing the cal pool d he tre r d to C for 30 

minute and frozen at - 0° for Lt u -, . Although the 
dairy farm uppl ina calv · had b n continuousl 
monitored form· opl mal di s olo trum ample 
· er · cultured b fore and . er heat tr atm nt and ·w re 

found to be n gati e. Following · ff .. ite transportati.on each 
c If as tub _ fed t o lit r of olo trum and admini tered 
10 cc of C'lostridium pe,fr.in,g,ens type · & D antilo in 
subcutaneousl· 100 mg of o .ntoc1n orall and 10 mg 
intramu cularly on ml. o vitarrun A & D and 2.5 ml. of 
(one mg. of elenium and SO me. o, vitamin E) of BO- E® 
intramuscular ( ·ch ring Plough . ub equen fi eding o a 
commercially a ailable antibiotic-free milk replac r ere 
given twice per d a .. Rectal tem erature and ecal core 
were mon · lored twice per da . 

Exp·erimental Inoculation. Fi e al e er inoculated 
intrathoraccicly (lTh). M. ho is 428E was i . Jated from a 
1994 field case ubmined to the Iowa te Uni er i 

eterinary Diagnostic Laborato (ISU VDL from a 400 lb. 
. alf e hi biting pneumonia and arthriti . Th al e · 
inoculated ITh recei · ed 4 10 MB 28E pa ·ae-e six 
, uspended in fi e mt of sterile pho phate buffer,ed · aline 
PB ,). Cal e- were re trained and an area o er the fi th and 

sixth ribs was surgi all pr par1ed and l.o all ane -th tiz d. 
The inoculate . as introduced into the thoracic ca · - ia a 
three-and-a-half inch 18 gau -, trocar. The tr car wa 
in erted ·,our inche below the ·thoracic ertebra wing 
between the fifth and ix.th ribs . in a caudal-ventral direction. 
The inoculation was repeated on th1e oppo · ite · ide of the a1f 

~thane· trocar. A control calf recei ed eriJe· PB,·, in the 
same manner. 

Two cal . e ere inoculated ubcutaneousl ( _ Q). 
The e cal.ve ere inoculat1ed . ith 4 l 08 or 1 x 10 · 
CFU/m1p ,of MB per ite suspended in t a ml. o s erile PB 
or teri]e PBS alone. A surgical preparation was made on the 
dor-um of the calf. B,eginning at the wither one inch off the 
midline inoculation ,ere made two inche apart in the 
subcutaneou layer beginning with 4 x 108 CFU/mL 
follo 1ed by 1 x 108 CFU/ml and terile PBS. The sequen e 
was repeated two time per ide ber ,een the ither and the 
tail head · o that there were four replicates on ach calf. A 
total of ix inoculation sites on each . ide of the calf were 

.. 
g1 en. 

Antemortem Samp.le Collection and Anal sis. Blood 
and n _al swab sample were cultured on day -2 day 0 (day 
of ino ulatiian). and daily after inoculati n until necrop y. 
Blood and na al swab sample were cultured on rus agar 
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ith three inhibit r (thallium a . tate ceflobid and 
bacitra in) and incubat . d for 4,8 hour .· at 7° in fi e 
p~rcent CO2. 

a al ab w r ort ed i 0.9 ml. of terile PB and 
remo ed. 'Th,e PB \ s. dilu d in rii r th with thr · e 
inhibitor . pl , · were al o ul · d in -r · i · roth ith the 
thre . nhi itor at lo· 1 10·2 and 10·3 oncentrations nd 
in uba ed for 4 hour . t he , nd of incubation the broth 
were e. amined for arnwth and the 10-- dilution w cultured 

n Friis agar ith three inh 'bi r and incubated for 4, 
hour . 

Postmort 1n a,nple Collection. T o of the ITh
inoculated cal e wer n op ied at fi day post 
inoculati 1on DP and three were necrop 1ed eight DPI. The 
. Q-inocula ,ed ca1 ·. ere necrop ied at six or eight DPI. 

The tr che,obron hial I mph node TBL 1 each Jung lobe 
gastroint tinal pool (abom um, i1eum jejunum 
duodenum and colon and an o gan pool (Ii er kidn y, and 
pie n) were homogenized in 0.9 ml. of teri]e PBS. The 
u pen · ion ultured directly and diluted in broth as 

prev·ou ly d ri .ed. Joint aspirates · ere collected on each 
limb from Ion a: bon . joint and cultured. In addition the 
. ub uraneou re tion ites from the o cal e inoculated 
Q were a homogenized and cultured. Ti ue collect d 

for histop thology included the brain n al turbinate 
ton ils TBL ··~all luag Jobe heart abomasum ileum 
jeJun m duod num colon hver kidney spleen and 
syno ial m mbranes from each limb. In the Q-inoculatcu 
-al e inj cti n it ti · sue were aJ o collect d and labeled 
or ind· · idual identification. Tissues er . 1 ed in 10% 

neutral buff red formalin ,and r,outinel y proce ed to paraffin ~ 

bloc in an automated ti ue pro e. or. B Joe~ were 
ectioned and '·tained with he·matoxylin and eo in . 

Resu1 . 
lntrathoracic Inoculation. o clinical . igns or fever 

were observed in the control calf rieceiving . terile PBS a.Ion 
and no e · idenc of pneumonia or arthritis was observed at 
necrop . Clinical i0 n were present in all four ino ul ted 
cal ,e with MB 428E (Table 1 ). 11 ITh-inoculat d calve · 
exhibited ign f depre . s1on. The three cal e that were 
necrop ied on day eigh also exhibit,ed moderate ]amene ·. 
Lamene mo t pronounced in the rear limbs and 
mark d · welling as observed in the rear hock join . 'The 
welling · a bilateral in all but one ca1.f. Upon palpation the 

hocks were warm and painful. By day eight the cal . e were 
u uall reluctant to tand or move. The cal- es appear d 
anore ic .. dehydrated and rough-haired. 

M. bo is w i olated from the c:ulrure, of blood and 
nasal wab samples. of all !Th-inoculated cal 1es and was not 
cultured from the control calf (Table 2). M. bo iis as 
cultured from all lobes of the lung l'B,L and join from 
all B-inoculated a]ve . In add1ti0in t o alve ( I 04 and 
10 h d MB ultured from the organ and gut pool . Lung 
u pen ion and Joint ·? .. at · . from ea h calf were poo]ed 

· n . ubmitted to the o tate · niver ity · eterinary 
Diagnosti aboratory for microbiolog1cal examination. No 
bacteria other than MB were isol ted from the j int po I of 



an . al The lung pool u p n · n rom one calf 101 
h d ,o th of P. haemol3tica ·n lo numb r . · o oth r 
patho g nic b teri · er i ated. 

. cro copic lun le i n core ran d from 12 to 17% 
in ol m nt in th ITh- 'noculat cal e whii th contr l 
cal had no · i ib l ion _ abl 3 ). The most prom ·nent 
le · on in the ITh-ino · ulated al e a loca1l exten i e 
pleuriti . mo t e · dent on th ri uht and left caudal lobe near 
the in ulation ite . In alf l O the r niolatera] portion of 
th lef h onlained a 5 · m. - cm. , b e . Inci ion into 
the ·no rl -inc he hock revealed a tr - . Uo i .cou 
exud te th t xtended th length of th ndon heath. 

imilar e udate wa re o ered from cal 104 and 10.5 ut 
no ab ce es w re found. Upon e amin tioa of alf 104 
· unilar udate as found in th bri ket region. Both 
connecti e tissue and m c] wer _ in ol ed in the le ion 
although no ab c · se wer i i ble gro ly. 

Upon hi top th .o · examination o the cal s no 
abnormal findin° ere reported in the control calf. The 
lun pe imen rom MB-inoculated cal e re eaJed 
moderat locally ext n i fibnno upprati e and 
histioc · pleuritis. eu · ophilic inflammatory ell wer 
pre ent ·n high numbers (Figur I) . a change ere 
ob er ed in the al , oli or praibronchiolar recion . 
E amination o the yno ial membrane ho ed focal area 
of caseou necro i · . urround d b fibrino uppurati and 
hi tiocyu e udat and earl proli I ra ion of onne ti e 
t · u . The formation o ab ce s wa e ident in calf 
numb r 105 (Figur 2). The bri ket area o cal- number 104 
was al o submitted or hi topatholog . ibrin - uppurati 
,· nflammation and edema _ eparated mu cle I ber . ultif oca 
areas of caseou necr i wer,e al pre ent in the bri ket 
(Figure 3) 

Subcutaneou Inoculation. o clinical sign er 
e ident in the cal e gi n ubcutan ou injection of MB 
428E or terile PB . Blood and n I .ab ample 
collected did not culture positi e for MB. Calf 20 I had 
palapable w lling near inoculation ite on d .. two C_ lf 
202 w, · sen 1t1 to touch on da three I er ino ul tion on 
da our, welling could be palpat d and · i u lly obser ed. 

o m . uremen were taken antemortem becau e th 
perimeter was not well defin d. 

Calf 201 and 202 were -inoculated · al e th · t re 
necropsied o days ix and ight post-inoculation 
re pee ti el hen the care w kinned, ab c ~ e an 
di cret Q o i of hemorrhage and edema w r e ident 
Table 4 ). The e foci ranged · n ize from 5 .5 cm. .5 cm. 

to 1.5 cm. x 3 .0 cm. · o gro or micro copi I 10n w re 
noted in he lung r joint of the , Q in .. u1ated cal e . 
Histopathol gic observation f injection ite re ealed oci 
of caseou necrosi urrounded by ccumul tion o 
inflammatory cell infil at . Th - ubcutan ous la er f the 
derrni was the limit of inv 1 ement. ce se re noted 
due to the fibrinohi -tioc tic r action Fi ure 4). 

D cu sion 
oute f . n int the region de crib d in T bl 5 ar 

unknown but it i tliought to b · ia the irculatory tern 
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Both the ' Q nd ITh m d I des~ribed ·11 be used or 
utur lB pathogene i r car h. The MB 428E train used 

h -re indu ed characteri tic teno . nov1ti ed arthriti lesion 
a v,,·ell · - pleuri ti .. mil to what w ob erved in the 
1eld . .i i e are unable to produce th haracteri tic 

pulm nary bron hi i · and absce ation een with 
incre 1ng inciden in field c · e The pu monary lesion in 
all ITh inoculated cal re limited to moderate 
fibrino uppurati e pleuriti ith f cal areas of necrosis and 
the e le ion ere mo ti limit d to th area_ near injection 
it s. Lo do age and hon 1n ub tion time may e . o 

explan tion wh · the e lesion ere b ent in the 
e perimental animal o th1 tud . ear _ onfident that the 
pleuriti pr ent c u -ed . B coloniza ·on. 

though calf 101 had P. haemo( 1tica cultured from 
homo0 enized Jung am.pies th app aranc of th l ng _ an 
th e tent o in o] m nt - not different than the lung of 
other ino ulated c -1 e . P. haetnol nca i ·. a common 
inhabitant of the n al ca it o cattle. The ero · e of the 
i olate not etermined and i I not known if the · olate 

irulen . degob e aL 199 r paned tha of 4 fatal 
chronic pn umoni c e inc 1 56~ tained pe-eifical1 .. 
or -B and 52% of tho e did not ha e lung a es e .. This 
tud m o uppon that reportincr. !though major lun0 

1n ol em n not evident ultured from normal 
and in ol ed Jung ar . 

Thre of th fi e cal e had er ni al lamene and 
purulent arthrit" in l ing the ho . Of the tv o cal e not 

exhibiting imilar le ions one calf ( 10 - , con tr l 
inoculat d intrathoraci 1 ith teri)e B and th other 
(101 necro. sied at fi e d · po t-ino ula.tion. e 
peculate tha th in uba ion pe · d ( 1 e d not long 

enough for arthriti · _,o d elop in , · If 101. P rhap 1f thi 
c If ha been necop ie-d , t da i0 ht r lat r an arthritis ma 1 

ha e been e id nt. 
Th arthriti 1 ion un pected upon I h 

in ulatJon. Thi mod l app ar t b imilar to intra enou 
ino ula ion du o, the produ tion f arthriti . The MB 
4 28 - gained ac e o the circ ulato i m t reach the 
J . 10 · w , ultured from th blood of the three 
arthriti . cal . Gro th o th · olate in the· pl ur . I pace 
m ha e allo ed ~ r pre i n of ·rulence f tor that 
p nnitt d th - B o ape ph oc to . to · i in the 
reti ulo ndothe1ium t m. It ma b po ibl that a 

ubpopulation o mor ind nt B el cted for in the 
pleural pac in ino ul l d cal e . In ddition the e1l 
population in the pleural p ma al o b le effecti in 
cl ruing B. 

Th I ion in the bri k t of alf 104 i · imilar 
t fi ld cas · reports.12 It i not known h- ther cal e; er 
not similarly af ct d itb decubital abce in th bri..,. ............ 
or how th le ion aro e in thi ar a. - th r 1 ion . . re 
n ted inc l in additi n to tho e de rib · in th lune 
h and bri ket. though , ral oth r . j u ,cultur d 

it1 for MB I B ha b en pr iou I cultured from th 
lymph nod h¥ r kidn, . pl n and born um Th 
one the organi m. intr due d int th Juno at 
· n uJ tion. Blood w n ta pirat d durino in ul ·tion but 



it i reasonabl_ to con lud that blood ve I were 
penetrated with the trocar. MB ha b en known to 0 a:in 
a.c e. s to the irculatory . y t:em and a pre--iou I · · tated 

B, irulence factor ma· ha e a · -i l d in the po . ibl 
n lranc to the circulatory y . tern .13 

This proj,ect was su ces ·ful in th tone animal mod l 
was demonstrated that contained · ev ral compon n of field 
case · - pleuriti decubital ab e es and multipl tis ue MB 
isolation .. A additional field cas become a ailabl, more 
information regarding the epidemolog of MB~a o · iated 
di ease i e ident. How , er th a ·ailabilit of an animal 
model mimicking field c e , i u eful for pathob ni . ity 
tudie . 'Togeth r all a ail _bl - information ma ·· lu ··d_ te the 
1gnifi ance and m . hanism of MB action in feedlot and 

dairy operation . 
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Table 1 Calv1e· moculated introthorac1cly with 
Calf umber Peak Temperatur 

101 103.0 
102 103.6 
104 104.8 
105 10 .9 
103 (control) 102 .. 1 

ne rop day pot-inoculation 
++ D = depres ion L = lamene P == pantin. 

Table 2. M. Bovi i olation fro-m blood and nasal s 

calf 101 

caJ 102 

callf 104 

calf 105 

cal.f 103 (control) 

ND= not done 

day -2 da 1 da 2 
blo d oasaJ blood nasaJ blood nasal 

+ 
+ 

• 
da 

blood 

+ 
+ 

3 
nasal 

·ecrop , Da + 

5 
8 
8 
8 
5 

da 4 
blood nas~ 

+ 
+ 

d 5 
blood nasal 

+ 
+ 
+ 

+ 

Table 3 .. Macroscopic scores and culture results from 1Tb inoculation. 
lacro 

. 
opic 

luna pool TBL joint pool organ pool gut pool lungs ore 
% invol , ment 

calf 101 + + + + 17 
calf 102 + + + + + 11 
calf 104 + + + + + 15 
calf 105 + + + + + 1 
calf 103 0 

Table 4. Subcutaneous lesion measurements from Calf 202. 

Clinical Signs ++ 

D 
DPL 
DL 
DL 

day 6 day 7 day 
lood nasal blood oasaJ blood n 

+ 

D D 

core 
. . 
JOlnt score 

none 
severe 
e ere 

·e ere 
none 

+ + 

D 

doe ite 1 site 2 ite 3 site 4 cultur re ul 

4 0 
l x 10 
PBS 

size (cm) 
3.5 X 5.5 
3.0 X 4.0 

none 

size (cm) 
4.5 X 4.5 
1.5 3.0 

non1e 

ize (cm 
5.5 X .5 
5.5 3.0 

none 
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. 
cm) JZe 

3.5 .5 
2.5 .2 .. 0 

none 

+ 
+ 



~~~- - ~~.a;; 

Fig .1 Lung"' calf 101 inoculated 5 da s pre 
Se- ere fibrinosuppurati e pleuriti - near the , i'te of MB inoculation. 1 Ox. 

Fig. 2,. Syno. ial membran,e calf 105 1nocu]ated 8 da , · pre iously with 

M bovis 428E. Formation of ab~ce _e with caseous necrotic center i 
e ident. . ote the accumulation of neutrophils macrophages and 
plasma cells. 40x. 

93 



i. ' 

inflammato 

-

· . r . 10n calf 104 ino ul ted 
ell .. Fo · o coa ulati necro i 

· pre iousI
-,d nt. 

ith M bo is 42 
ibrin ac umul tion i 

/ml o . boiis 
m nt of u · u eou la er o th denni · 

hi · o u re . t1on. 10 . 

use] fib r ar · 
o not d. IO . 

t d mi ed 



Is Milkfat from All Cows Atherogenic? 
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Io a Stat n1 er 1 -
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Summary and Implications 
The fatt acid ompo ition of milkfat help t 

det nnine nutritional proce , ing~ and torage propert1 
of milk products. e e amined th fatt acid com-po ition 
of mil at from 23 Hol ein cow to de ermin - the r noe 

0 

of fa acid compo ition and to relate th , composition of 
milkfat to the potential cau e ather _ lero i . W fi und 
that , e· en aft r e onal effi ct and tage of la tation are 
calculated milkfat from itndi- idual co. arie 
ignificantl in its perc ntaae o , the fan- acid m ri ic 

acid , C14:0 range= 3.3 to 13.7% , palmitic acid Cl6:0 
range= 2.-.9 to 36.2%) and oleic acid {C'l : I ranae = 
19.7 to 44.3%). · hen he fatty acid ompo ition. of 
milkfat from individual cow are u ,ed to calculate th 
athero cleroric potential of milk.fat the value for milk£ t 
a- eraged 2.25 and ran0 ed from 0.77 to 3.97 in 
compari on ith c,ocoa butt · r ( 1 .6) and margarine (0.6 
Dairy product that ar made from milkfat at th . extreme 

of the ,aJue o erved her1e will ary c n iderab]y in their 
fa y acid ompo iti n and 1n their atherogenic potenti I. 

Introduction 
. 

m ncan cu ~ 1 " n um 34 to 7% o od 
energ s · at and dai produ t account for 17% of the 
total fat in the merican diet. · il fat i frequent! cited to 
increa e lood hole terol and LDL Io -den it 
lipoprot in chol,e t rol becau e it has relati el high 
cone ntration of C 14·0 and e peciall · 16:0 relative] 
I cone ntration of C 8 :2 and C 1 : 3~ and · ariable 
concentration of oleic a id (C] 8: 1). ood uch 
mi · _ t ontain mixture of fatty acid and ffec of 
mixture of fan acid on blood chol terol are difficult to 
predict 

formula for compari on f the ather genie 
potential of dietary fa has be,en devised. Thi . formula i 
t · th ro en ic Inde (Al . The more ath rogeni fat 

i are in the numer t,or of the formula and th Jes 
th ro 0 nic fatty acid are in the denominator (Figure 1 ). 
c ording to thi formula, cocoa utter has the hi he t e 

AI e ral ·getable oil h ve the lo e _ t and milkfat is 
relati ely hi h among th , e eral common ats. 

The urp · e of our tudy w _ to determine the ran a 

of at . acid composition in milkf at o a her of 

Table _ . The major fat acid in milk and th 1r effect on 
human health. 

Fatty acid 
But ric 
Hexanoic 
Octanoi 
Decanoic 
Laurie 

, ristic 
Palmitic 

Palmitoleic 
Stearic 

Oleic 

Lino]eic 
Linoleni 

Abbre .3 

C4 
C6 
C8 
ClO:O 
Cl2:0 
Cl4:0 
C16:0 

C16:l 
Cl :0 

C18:l 

C l :2 
C :3 

% in milkfat Eff e t , n human he Ith 
3.3 Po ible colon cane r inhibitor 
2. 
1.2 
2.8 
3 ~4 timul t hole terol nth i 
11.4 S ·mulate chole terol · ynthesis 
29 5 Rai blood chol terol b de reasing Li er 

remo al of hole terol 
.4 Po ibly hole erol-lowering effect 

9.8 ~ at ab orbed fficientl and th · refore influ n e 
chole terol little 

27.4 Po ible chol t ol-lowerino effect· abundant in 
oli oil 

2. Pol n aturat d· ch le terol lowering e:ffi t 
0. Pol unsaturat d· chole terol-lo ering effe t 

95 



attl maintained under on ·tant nutntiona] and 
managem nt condition . A e ond purpo of our tud· 

. _o d . termine the range of theroO' nic index in th 
milk.fat from indi idual dair o -

Material and Method. 
Milk amp]ed 2 to 4 tim,e om 233 Hol tein 

co · in the I U Ank n D iry Herd for a total of 00 
ample . Fat protein . and -olid per ntage . ere 

determined b infrared anal i . 'The fatr a id 
ompo ition of milkfat d termin d b e •Ction of 

fat ith or anic olvents con .· er ion of th fatt, acid to 
ethyl ter and epar tion of the fatt acid e ter y o s 
chromatograph . The atherogenic inde of mir twas 
calculated from the fatty acid composition o mil · at 
produced by each c . w b u ing an ath rog nic inde 
formula igur . l ). 

Figure 1 ormula to calculate tberogem In.de ·. Al) 

IA= 1Cl2:0 + ( Cl4:0) + CI6:0 
Cl 4: 1 + C16: I + C18: 1 +Cl 8.2 + Cl8.3 + other 

other =C 10: 1 C 12: 1 C 13: 1 C 15: l C 17: 1 , C20: I 

Re . ults and Di-c s100 

The atherogenic index ombines quantita i e and 
,qualit ti e information about the potential of th 
indi idual fatty acids in · fat ourc to au e 
atherogenesis. The numericall ~reater the atherogenic 
ind he greater· thought to be the atherogenic ri k 
a ociated with th fat. - ri tic acid (C14.0) is relati el 
atherogenic a . re eaJ.ed b its pre enc in the numerator 
of the AI equation and b it . mul · · pli r (Figur _ l ). Th 
ran e o m ristic cid one ntr .tion in milk · aried from 
3. to 13.7~. The milk _ampl that contained 3.3% 
myristic acid had th hi 0 h t concentra ion of ol ic a id, 
4 .3% wher a the millc. sampl with 13% myri tic acid 
contained 19.9% ol ic acid (Tabl,. 2). By appl ing th 
quantitati e fatt acid data from multipl . milk ample 
from 233 co· an average . I core of 2.25 ob erved 
(Table 2 and 3 ~ The lowe t A score of milkfat from an 
ingle cow was 0.77 which i imilar in alb ro enic index 
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to margarin Tabl 3 . Th I ore from the hi 0 he l 

and lo · t o s ar not unu ual bee _u e the highe t . o/~ 
and lo · t 5 % AI core from the 23 c d · fer greatl . 
from one another (Tab] · . 

pproximat I half of the mil att ids (C4 to 
C 16:0 ar m de dire t1 in the g]and and the rem inin o 

fan . cid C 16.0 to CI :2) are tr n ported from the 

blood t the milk. ynthe i of th int rm . diate chain fatty 
a id in the mamm gland (e peciall C 12 0 to C16:0) 

em . to b 1nflu need b the amount of longer c ain fatt 
acid ( 1 ) that are tran rred into the ,;land om the 
blood. or e ampl hen there i a 0 _ ater abundance of 
the C18 fatt acid in milk them mmary gland 
ynth -ize le · of the at acid of barter and 

intefII!ediat hain length. Thi r . c1procal nthesi of 
fatty acid hould incr the 1ari bilit ' of fat acid in 
milk~ 

Th inver _ r lation hip betwe n Cl :0 and Cl 8: 1 i 
not gre ti urpri ing. In the b vi mammary land 
incre __ ed nthe i , f long r h in fatty acid u ha 
1 _ :0 and 1 ·: l cau d r ed mammary nthe · i o 
oth r fatt a ids h . · 12:0 1 :0 and a ponion o 16:0. 
Thi · tendency re ul · ·n an in · er: . regu]ation between 
ecreti n of 1 · J whi h i le th rogenic ith cretton 

·. f 14:0 and 16:0 h1 h ar mar atherog ni . 
ho that the milkfa produced b man 

o ha an ath · ro genie pot ntial imi lar to th . t of 
m g n . ould thi i ormati n be u eel to de ign no el 
milk pr du for people ho ar peciall conscious 
abou . th t · compo ition of their diet? ]hough it ould 
r qurr par te hand in of milk produced b. i ndi 1 ual 
co partitioning of milk of uniqu compo ition could 
allow milk proce . or to m nufa tur produc o 
p cialized compo ition for health-con 1ou con umer . 

Increas·ed sal s of milk produ t to n,ev.1 group o 
on umer -hoar curr ntl r luctant to con ume mil 

pr due cou d · r u]t. 

Ac . o led m n 
Thi Ii earch upported in part the USO . Center 
for D i,anino Foods t Impr Human utrition. 



Table 2 Compari on of fatty acid contents of milkfat from 233 cows rank , d according to Al index. 
Fatty Acid 

Al ranking 14:1 16:0 18:1 I index 

Low,estcow 
Median cow 
Highest cow 
Lowes 5% cows 
Middle 5% cow , 
Highe . t 5% cows 

--·----.. -~-!a-- o/o b wei aht j&----~~-----o 

3.3 26.8 44.3 
l 1.3 28.6 26.3 
13.6 36.2 19 .9 
5.2 25.3 37 .8 
10.J 28.0 25.8 
12.6 36.2 20.3 

0 .77 
2.29 
3 .97 
1.06 
2.30 
3.31 

Table 3 Comp,arisons of AI index of milkfal from s,elected cows, with other fat source ,. 

Source 
Chicken 
Margarine 
Lowest AI milkfat 
Palm oil 
Beef roast 
M,ean AI milkfat 
Greatest AI milkfat 
Cocoa butter 

AI index 
0.5 
0.6 
0 .77 
0.9 
1.0 
2.25 
3.97 
13.6 
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Feeding of Vitamin D3 is a Potential Method 
to Improve Tenderness of Beef 
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low 50010-0070 
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Summary and Implications 
e,eding million IUs of itamin D3 per da . for 9 

con ecuti e days increased t nderne of trip loin and op 
round steaks from beef cattle. Impro ed t ndem1e as 
determined b the Warner-Br tzl r hear method and b 
W ·stem blot anal is of a mu . le protein degradation 
product.. Wear optimi tjc that · imilar itamin 0 3 
supplementation proaram could be used to impro e the 
tendem.es of be f deri d from dairy animals. 

Introduction 
One of the major challenge of the beef 1ndu try is to 

pro idea con i tently tender meat pro~uc~ for con. umer . 
Tendemes h been identified as the single mo t important 
factor affecting con umers ati faction and perception o 
taste. One · a of impro. ing b ef tendeme · i the injection 
of calcium chloride olution into po tri 0 or and prerigor beef 
carcas e and cut · Thi exogenou calcium chloride 
evid ntly acti ates both µ-calpain and m- alpma hi b ,are 
intraceUular calcium-dependent protea e· and are 
re ponsible for tenderizauon. Supplemental di tary ·· itamin 
D3 will increa e blood cal ium markedly ia actions ,of 
additional I 25-dih droxy · itamin D that promote 
ab · orption of dietary calcium. itamin D a o 1ncr _ ase 
uptake and tran •port ,of alciurn by the mitochondrial 
arcoplasmic and pla ma m.embran of keletal mus I . 

Becau e upplemental dietary · itamin D3 cause 1ncrea ed 
calcium concentration in blood nd , k letal mu cle . e 
h po the iz d that uppl m n tal di tary i amin D3 would 
incre e calcium-acti ated pr tease activit in bo ine 
mu J1e dunng po · tmonem . torage and thereb c u · 
1mpro d b · t · ndern 

9 · 

ateri and , ,-ethods 
Thirt ro bred teer appro imatel 23 months of age 

and predominantl of larg _ ... frame Continental X British 
breed w r allott d randoml t three treatment groups: a 
placebo 5 million IU of itamin D3 and 7. million of 

itamin D3• All 0 teer ere fi d high-concentrate 
fini hing diet con isting of a dry b . -i of 7 .2% whole 
h lied 'com 14.2% hopped alfalfa ha .. 4.1 % o bean 

meal and 3.5% o a 40% crud protein liquid upplement. 
For the last 4 e . -, the teer ere£ d _ high-concentrate 
diet con i ting 1of 85% era ked corn and 15% oa · along 
with 0.45 ka of ommercia1 uppl1em nt (4_% crude protein 
5~ calcium 1.1 % pho phorus~ l. ~ alt and added 
· 1tamin A D and ) per head per day. The upplem nt 
pro ided 225 mg of monen in p r head per da . The steers 
had fr e acc,e to ter and large bale of ha consisting of 
pr dominant! alf lf 'th -ome mixed gras s. The steer 
were grouped together in on pen. l o tarting IO da s 
before laughter teer were give intraruminall a bolus 
c,ontaining 0 ound com or ground . _om containing th 5 or 
7.5 million IUs of . itamin D3 in g . latin ,cap ul b fore the 
morning feeding or 9 consecuti da . On the morning of 
day IO , th st er wer tran -ported to a commercial bee 
packing plant and laught red that afternoon .. 

Three day after laughter carca e ere tran ported 
to a beef breaking plant. Lon is imus l'umborum ( trip loin 
and mimembranou mu cle (top round) ere pla ed in 
anaerobic acuum bag and tran port d to th Io a t t 
un· er i y Meat Laboratory. For amer-Bratzler ' hear 
e aluation trip loin and top round t,e - re cut ..... 5 cm 

Cl 

thic .. placed in pl . ti bao .•~ and . · · t-aged at l C. Both typ 
of teaks w re aged 7, 14 and 21 da · triplo1n steak al o 
were aged for 3 d , . fter agin 0 ste er frozen at -

20°C until . ubsequenl anal -i . 
0 

te re tha ed . lo l at for .... . hour and then 
0 

broil d until the rea bed n internal temp rature of 71 1C. 
0 • 

After c oling to 2 C i 1. 21 ... cm- 1amet r ore . ere 
r mo ed parall 1 to Lh mu le fiber dir . tion of ea h of th 
te ' . Core re heared perpendicular t th fiber 

dir tion through the enter f th or b u ing · amer ... 
Bratz er hear he d attached to an In tron ni er al Te tine 
De i e model 4 Q_) ontroll d ith a Mod 14 '00 
computer-as i ted module (In ·. tron ant n MA). P 
h ar force . lu re r ·· -ord d kilogram per 1. -cm--

diameter core. The i _ hear · al ue p r teak ere a ra aed 
-nd the mean for treatment were anal zed for -lati tical 
ignifi an e. 

al mu l prepar ti n r .' ·' P ·G er 
pen rmed on trip loin teak po . tmonem aged f r 14 da 
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Table 1. Effect of supplemental dietary vitamin D13 an War,ner-Bratzler shea'r force of s.trip loi1n and top round steaks a·t differen·t 
postmortem aging times 

Vitamin D3 Treatm1ents 

Steak/ 
Aging 

Control 
Shear 
force 
kg 

5 million tUs/day 
Shear 

7~5 mill'ion IUs/d:ay 
Shear 

force, force, 
SE kg SE kg SE 

Strip loin st_eak 

Mean 

Aging time (day) 
3 
7 
14 
21 

Top round steak 
A.g.ing tim1e (day) 

3 58 
3.32 
3.2.5'8 

3.38 
3.388 

.117 

.09 

.09 

.11 

.1,2 

3.11 
3.20 
2.80b 
2.90 
3.QQb 

1B 
.1'9 
.08 
.,17 

.16 

3.17 
2'.8'9 
2.78b 
3~02 
2.97b 

7 3.97 .23 3 56 .20 3.32 
14 3.91 8' •. 15 3.37b .14 3.37b 
,21 3.74 .10 3.32 17 3.56 

Mean 3.87a .16 3.42b .17 3.42b 
a,6Means {n=1 O) in the sam,e row wi,th a commo,n superscript or no superscript are s.imilar (P> .. 05) .. 

.15 
,.16 
.14 
.13 
.15 

.17 

.15 
~ 16 
.16 

1638 
.1873 
.0015 
,.1071 
.0001 

,.0685 
.0366 
.1973 
.0003 



Table 2. 1Effect ol 5 million 11Us of vitamin D3 administered daily 'for 9 days to steeirs on amount of the 30--kD·ai compone·1n·t in 14-day 
postmortem aged steak.s. 

s .teaks 

Strip loin stea:ks 

Top round steaks 

Control 
Meana SE 

.965 

Vitamin 03 Treatments 

5 minion IUslday 
Meana SE 

09 

1 .. 207 .16 1 jo29 

7.5 m1iHion IUs./day 
Meana ,SE 

.631b 

17 

.09 

a Means (n=1 O} rep 1resent relative values of amount of the 30-k.Da band in West1ern b'lot analyses. 
b,cMeans in the same, row with a different superscript letter differ i(P< .. 05) 
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