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FOREWORD
Comparison of Heart of America Cows Comparison of 1996 to 1997 with the
with Kansas Cows - 1997 Dairy Herd Analyzer

Item HOA KS + from

Losses 1996 1997 1996
No. of herds 1415 400
No. of cows/herd eV} 93 NUtrition, $ 430 391 139
Milk, Ib 18,293 19,332 Genetics, % 2 31 11
FaL, Ib ool 00 Milk quality, % 47 47 0

+

Protein, Ib 584 509 T Auaty, 7
IOFC, $ 1,356 1,397 Reproduction, $ 224 249 +25
Milk price*, $ 12.89 1359 Net change, $ 115

* After subtracting hauling cost.

Members of the Dairy Commaodity Group of the
Department of Animal Sciences and Industry are
pleased to present this Report of Progress, 1998.
Dairying continues to be a viable business and
contributes significantly to the total agricultural
economy of Kansas. Wide variation existsin the pro-
ductivity per cow, asindicated by the productiontest-
ing program (Heart of America Dairy Herd Improve-
ment Association [DHIA]). The Heart of America
DHIA began business on January 1, 1995, by combin-
ing threelabsinto one. Itisnow testing about 133,000
cows per month from Kansas, Nebraska, Oklahoma,
Arkansas, North Dakota, and South Dakota. A
comparison of Kansas DHIA cows with all those in
the Heart of America DHIA program for 1997 isillus-
trated above.

Most of this success occurs because of better
management of what is measured in monthly DHI
records. In addition, use of superior, proven siresin
artificial insemination (Al) programs shows average
predicted transmitting ability (PTA) for milk of al
Holstein Al bulls in service (January, 1997) to be
+1,351 |Ib compared to non-Al bulls whose average
PTA was +357 Ib of milk. More emphasis should be
placed onfurtheringtheDHIA program and encourag-
ing use of its records in making management deci-
sions.

Based on comparisons (next column) from 1996 to
1997 using the Dairy Herd Analyzer, better nutrition
reduced lossinincome over feed cost by $39 per cow,
improved geneticsreduced thelossby $1 per cow, but
milk quality had no effect. Reproductive performance
increased the loss by $25 per

cow. In summary, a net reduction in losses of $15 per
cow was achieved from 1996 to 1997.

Weareproud of our new 72-cow tiestall barnthat
was constructed in 1991 through the generous sup-
port of Pharmacia & Upjohn, Clay Equipment Com-
pany, and Monsanto Company and under the direc-
tion of Dr. John Shirley. Thisnew facility givesusthe
ability to expand our research efforts in various
studies involving nutrition and feeding, reproduction,
and herd management. The excellent functioning of
the DTRC is dueto the special dedication of our staff.
Appreciation isexpressed to Richard K. Scoby (Man-
ager, DTRC); Donald L. Thiemann (Asst. Manager,
DTRC); Michael V. Scheffel (Research Assistant);
Daniel J. Umsheid; Charlotte Boger; Becky K. Pushee;
Lesa Reves; and William P. Jackson. Specia thanks
are givento Betty Hensley and Cheryl K. Armendariz,
and a host of graduate and undergraduate students
fortheir technical assistanceinour laboratoriesand at
the DTRC.

Each dollar spent for research yields a 30 to 50%
return inpractical application. Researchisnot only te-
dious and painstakingly slow but expensive. Those
interested in supporting dairy research are encour-
aged to consider participation in the Livestock and
Meat Industry Council (LMIC), a philanthropic
organization dedicated to furthering academic and
research pursuits by the Department (more details
about the LMIC are found at the end of this publica-
tion).

J. S. Stevenson, Editor
1998 Dairy Day Report of Progress
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Dedication to Dr. J. R. (Dick) Dunham

James Richard (Dick) Dunham was
born on November 25, 1937 at Walnut,
Kansas. He grew up in the dairy business
and entered Kansas State University as a
freshman in Dairy Science in 1955. He
returned to the family dairy farm in 1959
after completing requirements for a B.S.
degree in Dairy Science. In 1964, Dick
returned to Kansas State University. He
received an M.S. degree in 1967 and a
Ph.D. in Anima Nutrition in 1969.

He served one year asaDairy Extension
Specidist at lowa State University before
he was recruited by Dr. Charlie Norton to
return to K-State in 1970 where he was a
Dairy Extension Specidist for 28 years.
Dick was very active in his service to the
Kansas Dairy Industry and an integral part
of theDairy Herd Improvement Association
team. He was a member of the Kansas
Forage and Grasdand Council and the
Kansas and National Mastitis Councils.
Dick was involved in severa regiona and
national activities including the Nationa
DHIA Technical Committee (2 years),
North Central Region Extension Dairy
Specidists (3 years), National 4-H Dairy
Cattle Judging Contest Committee (10
years), and numerous committee assign-
ments with the Mid-States Dairy Record
Processing Center (25 years).

Dick published numerous articles in
refereed journal and Dairy Day reports,
extension publications and popular press
articles and developed 11 computer soft-
ware programs. Five of his software pro-
grams are included in the CD-ROM Na
tional Dairy Database.

His active participation at the State Fair,
dairy shows, breed association meetings,
and other dairy events have endeared himto
dairy producers throughout the state. His
advice and counsel on nutrition and man-
agement problems were constantly in de-
mand even at night or on weekends.

His service to the dairy industry was
recognized by numerous honors and
awards throughout his career. He was the
recipient of the following honors. Kansas
Junior Dairy Show Award of Appreciation,
Epsilon Sigma Phi-Alpha Gamma Rho
Meritorious Service Award, Friend of
County Agents Award, Kansas Dairy
Leader Award, Kansas 4-H Clover Award,
Gamma Sigma Delta Excellence in Exten-
sion Award, Honorary Lifetime Member of
the K-State Dairy Club, and Honorary
Lifetime Member of the Kansas Holstein
Association.

Dick and his wife, Evelyn, have been
married since September 5, 1959. They
have two children and six grandchildren.
Dick enjoys pasture pool (golf) in his spare
time. We wish both Dick and Evelyn many
years of happiness in retirement.
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THE WHY, HOW-TO, AND COST OF PROGRAMED
Al BREEDING OF DAIRY COWS

J. S. Stevenson

SUmmary

Management of the estrous cycle is now
more practical than it was a decade ago be-
cause of our understanding of fallicular waves.
Withavailahility of threegonadotropin-rleasing
hormone (GnRH) productsand two prostaglan-
din products, the cycle can be controlled for
fixed-time inseminations with little loss in con-
ception rate compared to inseminations after
detected estrus.  Vaious systems are effective
for programming fird inseminaions with or
without some hesat detection. With theincorpo-
ration of transrectal ultrasonography for early
pregnancy diagnoss 28 to 30 days after insemi-
nation, routine heat detection programs could
be diminated by reprogramming each cow after
an open diagnoss. The mog limiting factor in
the control of the cycle is the proportion of
missed heatsin estrus-synchronization programs
that rely patly or solely on heat detection.
Pregnancy rate (the proportion of cows that
become pregnant of al cows programmed for
insamingtion) is the best measure of an estrus-
synchronization program, because it measures
total number of pregnanciesachieved per unit of
time rather than smple conception success at
any given insemingtion.

(Key Words: Al Breeding, GnRH, Progtaglan-
din F,, Programmed Breeding, Economics.)

Introduction

Improving dairy herd reproductive
management requires an understanding of the
basic principles of getting cows pregnant. It is
critical to understand each component of the
estrous cycle as well astheannud reproductive
cyde (caving intervd) and determine where
limited time and resources might be best con-
centrated to reach A.l.-breeding goas. A

caving interva conssts of four mgor compo-
nents. The firs component is therest period or
elective waiting period (EWP). Theduration of
this period is partly a management decison.
This period varies from 40 to 70 days on most
fams. Part of its duration is based on the
physologicd need of the cow, in which the
reproductive tract must undergo an involution
process (return to its nonpregnant size and
function). Research indicates that when cows
cave without complication, this heding process
requires no more than 40 days. This process
includesmacro- and microscopic processesthat
prepare the uterus for another pregnancy.

The second component isthe period of time
between the end of the EWP and when the first
edtrus is detected for the first Al breeding. The
duration of this period is a function of the heet
detection rate as well as whether or not some
hormonal regimen is used to bring cows into
edtrus after the end of the EWP (e.g., PGF,.).
Whether or not PGF,. is used to bring cows
into edtrus for first services, the percentage of
cows detected in estrus depends on the rate of
heat detection or the efficiency of detecting
esrusin dl cows.

The third component of acaving intervd is
the active Al breeding period for each cow and
represents the number of days required for the
cow to concelve after the first Al service. If a
cow conceives a first service, then the third
component is nonexigent. Otherwise, it is a
function of the heat detection rate and the level
of herd fertility. The level of herd fertility de-
pends upon anumber factors, including sreand
cow fertility, correct thawing and handling of
semen, Al breeding technique, and timing of
insemingtion. Fertility and heat detection rates
are very important to establishing pregnancy in
atimely fashion.



The fourth component of a caving interva
IS gestation. The durdtion of gestation is fairly
condant. It cant be shortened significantly
without adversdly affecting the hedth or viability
of the newborn calf.

Based on these component parts of a calv-
ing interva, an EWP of 40 to 50 daysis proba-
bly sufficient for essentidly dl cows. With a
rate of heat detection of 65% and a conception
rate of 65%, the average period from the end of
the EWP until pregnancy is established in 95%
of the cows should be 35 days. Thismeansthat
some cows concalve immediately following the
end of the EWP and others remain open for
100 or more days. With an EWP of 50 d,
edrus and conception rates of 65%, and a
gestation period of 280 d, an average calving
interval of 365 days (50 + 35 + 280 = 365) is
attainable, when it is desired that 95% of the
COWS concelve.

Follicular Growth during
the Estrous Cycle

A fdlide is gmilar to a fluid-filled weter
bliger and contains the egg. The fdllicle is
composed of an outer layer of cdls (theca
cdls), which are exposed to blood capillaries.
Blood delivers gonadotropic hormones (FSH
and LH) from the anterior pituitary to the folli-
cle, which gimulate its growth, production of
gonada steroid hormones, and growth and
maturation of the egg. Inside the fallicle, an-
other group of cdls(granulosacdls) surround a
fluidHfilled cavity that forms the antrum of the
folide These cdls take the androgen precur-
sors (simulated by LH) produced by the theca
cdls and synthesze estrogen (stimulated by
FSH). Deep in the antrum, surrounded by
specidized granulosa cells, is found the micro-
scopic egg cell. Hundredsof thousands of these
fallides arefound in the ovaries of the heifer a
birth. Once she reaches puberty, thesefallicles
grow in a cyclic fashion from diameters of <1
mmto ovulatory szesof 16to 18 mmin diame-
ter .

For many years it has been known that as
follidesgrow, someeventualy ovulate, wheress
others become atretic (die). Earlier, it was
thought that fallicular growth was either bimodal
or continuous. More recently, it was assumed

that whatever fallicle had reached ovulatory sze
at the right time during the cycle would be the
one that would eventualy ovulate. Althoughthis
concept isprobably correct, it wasbased onthe
fact that a least one large follicle can be pd-
pated in the ovaries on dmost every day of the
estrous cycle.

With the use of the red-time, B-mode
ultrasonography, the same type of equipment
used in hospitalsby physiciansto monitor devel-
opment of human babies within the uterus of
thar mothers, we can examine the growth of
falidesin cattle. This same technology is used
to measure backfat and loin-eye areasin finish-
ing cattle and pigs. The probe is inserted into
the rectum with the gloved hand just above the
reproductive tract as if the cow were palpated.
Pacement of the probe in this pogtion alows
visdlization of the ovaries, uterine horns, and
cervix. The probe emits ultrasound waves that
are absorbed by fluid-filled cavities and appear
on the viewing screen as images in various
shades of grey or black. Follicles appear as
round black circles, and the corpusluteum (CL)
looks like a peppery dliptica structure.

Using this technology on a daly bads,
severd patterns of follicular growth have been
described, dong with new terminology to de-
scribe the dynamics of fallicular growth. These
terms were borrowed from smilar sudies
performed in monkeys. Figure 1 shows the
diameters of saverd follicles during the estrous
cyde of a cow. Two groups or "waves' of
follicles developed during thecycle. Ondays1
and 2, four fallides were visudized, but only
one continued to grow (dominant) from this
group (cohort) and "dominated” the other (sub-
ordinate) smdler follicles. The subordinate
follicles underwent atresia (death) and were no
longer useful. Thefirgt dominant follicle under-
went a growth phase (d 1 to 6), a static phase
(d7t09), and aregressing phase (d 11 to 12
or longer). The second wave of follicdlesvisud-
ized appeared around days 9 to 11, one of
which dominated the other follicles and became
the second dominant fallice that eventudly
ovulated after luteolysis (desth of the CL).

Although any number of follicles can make
up awave of follicles, usudly only one to six
develop in a wave. The firg wave and its



dominant follicleawaysappear a the sametime
duringthecycleindl cows. A "two-wave' cow
has an estrous cycle of 21 days. Two-, three-,
and four-wave cycles have been observed in
cattle, with the appearance during the cycle of
the second, third, or fourth wave being more
vaigble than the fird. EStrous cycles become
longer with increesng number of follicular
waves. Two-wave cyclesare 19 to 20 d, and
four-wave cycles tend to be 23 to 25 d in
duration.

The growth of agroup of folliclesthat make
up awave isinitiated by atrangent increese in
blood FSH, which is observed 1 or 2 days
before the beginning of each fallicular wave.
Estrogen in the blood aso rises and fdls with
the growth and regression of adominant follicle.
The dominant follicle gpparently dominates its
subordinate peers by producing substancesthat
inhibit their further growth.

Variation in the Interval to
Estrus after PGF,-

When PGF,.. was being tested asan estrus-
synchronization hormone in cattle, a common
endpoint to measure its success was the pro-
portion of cows observed in heat during a 2- to
5-day period after injection. That period re-
flected the proportion of cows that had a func-
tional CL secreting high blood concentrations of
progesterone & injection time. Any cow com-
Ing into estrus much before48 hmost likely had
natural or spontaneous luteal regression before
the PGF,. injection. These cows showing
estrus before 48 hr werelikely on days 19to 21
of their cycdes when PGF,.. was injected. Ap-
proximately 2 to 5 days after theinjection, cows
would come into estrus because blood proges-
terone would return to basdline concentrations
within 12 to 24 hr, and the CL would no longer
be functiond. Interestingly, regardiess of how
S00N a cow came into estrus, concentrations of
progesterone would return to basdine at nearly
the sametime.

We have learned that the variable part of
this interval is the period of time during which
thefalliclematuresandinducesestrusby secret-
ing high concentrations of estrogen. Soit seems
that interva to estrus after PGF,. was not
related to concentrationsof progesteroneduring

the estrous cycle but rather to the relaive matu-
rity of adeveoping fallicle a thetime of PGF,.
injection or lutedl regresson.

What would happenif PGF,.. wereinjected
a various stages of the cycle? Intervas to
edtrus are dependent on the relative diameter
(meaturity) of the dominant fallicle at the time of
PGF,. injection. Short, medium, and long
intervas to estrus after PGF,. are based on
when PGF,. is injected in the cycle. So if
PGF, were given when either afirst or second
dominant follideisquite mature (largein diame-
ter), theintervad to estruswould be much short-
er than if PGF,.. were given at mid cycle be-
tween follicular waves or later inthe cyclewhen
the second dominant follideisreatively larger in
diameter.

Evidence exigts for these different intervals
based on studies conducted in dairy heifers
when PGF,.. was given & various stages of the
cycle. Assuming that most hefers have two
follicular-wave cycles, then injections of PGF-
at various phases of follicular maturity, whether
given while thefirg or second dominant fallicle
was present, would produce the various inter-
vds to follicular maturation, estrogen secretion,
and the onset of estrus (Table 1).

Is conception rate affected when PGF,. is
given a different times? Apparently it isnot, as
long as inseminations were based on detected
edrus. For example, if a PGF,. injection is
given on day 6 or 7, when the first dominant
fdlide is growing (Figure 1), the CL would
regress and the firsd dominant fallicle would
ovulate and be normdly fertile when Al breed-
ing was performed after detected estrus. Simi-
lar results occur for any dominant follicle thet is
inits growing phase a the time of PGF,- injec-
tion.

Pregnancy Rate

Severa factors determine the number of
pregnancies or the number of cavesborn (eg.,
herd fertility, technician ability, sre fertility, and
heat detection rate). One method to examine
the success of the insemination program is to
determine the number of cows that become
pregnant during each 21-day period after the
end of the EWP. This concept is suggested to



be the best measuring stick for success of Al
breeding.

The pregnancy rate (PR) equation can be
amplified to two factors: hesat detection rate
(HDR) and conception rate (CR) or PR=HDR
x CR (Table 2). Conception rateisdetermined
by herd and srefertility plus inseminetor profi-
dency. Usng the smplified method of deter-
mining pregnancy rate, one can evauate the
success of the Al breeding program, including
whatever programmed breeding system is used
to synchronize edtrus for first services after
caving. Let's assume a50-day EWP. Be-
cause no cows are Al bred until after 50 days,
100% of the fresh cows are open at that time.
By graphing the percentage open, we can
generate a curve that looks similar to those in
Figure 2. At50daysinmilk, 100% of thefresh
cows are open, and following heat synchroniza-
tion and firgt services and as a result of insemi-
nations at repesat estrus, the percentage of open
cows decreases with each subsequent estrous
cycleor 21-day period.

Heat Detection and Conception Rate

The downward dope of those generated
curves (pregnancy rate) in Figure 2 are deter-
mined by the number of cows detected in estrus
and their resulting conception rate after each Al
breeding. InTable3, afew examplesof various
heat detection and conception rates are shown
to illudrate ther effects on pregnancy rate
during each 21-day period. In the first four
examples, holding heet detection rate constant
a 60%, conception rates were varied from 30
to 60% (low to high). The resulting pregnancy
rates range from 18 to 36%, or in other words,
18 to 36% of the cows detected in estrus and
inseminated became pregnant during each 21-
day period. Inthelast four examplesin Table
3, conception rate was held constant at 50%,
and hest detection rate varied from 40 to 70%
(lowto high). Resulting pregnancy ratesranged
from 20 to 35%. The number of pregnancies
achieved during each 21-day period, or after
each additiona estrous cycle, can be affected
by various rates of conception and hest detec-
tion. For example, one herd could achieve a
24% pregnancy rate with better than average
heat detection (60%) and an average concep-
tion rate (40%), whereas another herd could

achieve a amilar pregnancy rate (25%) with
average heat detection (50%) and better than
average conception rate (50%).

Per centage Open Curves

Using the firg example (firgt four lines of
data in Table 3), four curves are plotted in the
Figure 2. The upper curve represents an 18%
pregnancy ratefor each 21 days. Theremaining
curves represent 24%, 30%, and 36% preg-
nancy rates. A horizontd line drawn acrossthe
graphat the 50 percentage open mark approxi-
mates average days open for each pregnancy
rate curve. Using this method of evauaing the
number of pregnancies established during each
21-day period after the end of the EWP, one
can see how improvementsin either heat detec-
tion rate, conception rate, or both can increase
the number of pregnancies achieved in the Al
breeding program. Because conception rateis
determined easily, one aso can edimate the
herd heat detection rate by dividing the preg-
nancy rate for each 21-day period by the con-
ception rate during that same period.

Programmed Breeding

Most dairy producers appreciate the bene-
fitsand advantagesof using an estrus-synchroni-
zdion program. Synchronizing edirus in cétle
amply makes occurrence of estrus more pre-
dictable and Al breeding more convenient.
Dairy producers have benefitted from the supe-
rior genetics of proven bulls, which have in-
creased pride of ownership in better-bred
cattle, as wdl as providing a pay off in greater
milk production. Although most are sold onthe
idea of using heat synchronization, one question
most frequently asked by dairy producers and
dairy veterinariansis. What is the best way to
synchronize estrus in dairy cows and heifersfor
Al breeding?

The program used successfully on dairy
famsisprobably the onethat isthemost smple
to execute. Although heat synchronization of
large numbers of cows and heifersisnot typical
on most dairy farms, except in large herds or
where seasond calving is practiced, one needs
to develop asystem for identifying cows (based
on days after calving) and heifers (based on



age) that should go into each breeding group
cluster.

The breeding cluster is one method that can
be used. For example, if the EWP is 50 days
before Al breeding, then a breeding cluster of
cows can be organized that falswithin acertain
range of days in milk to fit the targeted first
breeding date. These cows can be identified
eadly from abreeding whedl, computer records,
or by amply keeping a chronologicd list of
caving dates. In our herd of 200 cows, we
cluster cowsthat calve during a 3-wk period so
that the freshest cow in the cluster mests the
minimum acceptable EWP. When the EWP is
50 days, then a cluster would consst of cows
that are 50 to 71 days in milk during the tar-
geted breeding week. Therefore, the average
interval to firg insemination is 60 days for the
herd. Cowsthat fail to concelve should return
to egtrus during the breeding week of the next
cluster of cows, which would be estrus-syn-
chronized for Al breeding 3 wk after the first
cluster of cows. This dugering method alows
firg services and repeat inseminations to occur
during the same week, thus concentrating most
inseminations during 1 wk out of every 3 wk.
This same system can be employed for Al
breeding of replacement heiferswhenthey reach
an acceptable age and weight to enter abreed-
ing clugter.

In larger herds, grouping cows into a 1-wk
cluster isnecessary. This1-wk cluster smplifies
Al breeding of cows that meet the breeding
criteriaon aweekly bass. Therefore, duringthe
period before the cows reach ther targeted
breeding date (based on days in milk and the
EWP), estrus is synchronized to occur during
each breeding week. Usudly, the synchroniza-
tionperiod is set s0 estrus or fixed-time insemi-
nationwill occur inthe Monday-to-Friday work
week.

Choosing a Breeding System

Once a sysem isin place to identify cows
and hefersthat fit those criteria for indluson in
an Al breeding clugter, then the specific pro-
grammed breeding system is fit into a weekly
management sequence. What successful pro-
grams are available? There are two generd
categories of programs from which to choose:

1) PGF,-; or 2) gonado-tropin-releasing hor-
mone (GnRH) + PGF,... Thefirginvolvesusng
ether of two prostaglandin products that are
avaldble in the U.S. market (Lutayse® and
Estrumate®). The second category uses either
of three GnRH products (Cysordin®,
Fertagyl®, or Factrd®) plus a prostaglandin
product in combinationwith heet detection or a
fixedtime insemination.

Targeted® Breeding Program

The Targeted Breeding program has been
promoted by one of the PGF,. manufacturers
(Pharmacia & Upjohn) for synchronizing the Al
breeding of lactating cowsin aherd (Figure 3).
Injections of PGF,.. are administered 14 days
gpart. Thisinterva is smply based on the fact
that sufficient time must pass after the firg
injectionso those femaesresponding to thefirst
injection(their CL regressesand they comeinto
estrus) have anew CL that is mature enough to
respond to asecond injection (at least on day 6
of theestrouscycle). Inaddition, thosefemales
that were not in astage of the estrous cyclewith
a CL that could regress after the first PGF,-
injection should be responsive 14 days later.
Targeted Breeding cdls for the firgt injection
(so-called set-up injection) to be given 14 days
before the EWP ends. No cows are insemi-
nated after the firg injection, athough about
50% show estrusin response to the first injec-
tion. The second injection(first breeding injec-
tion) then is given just prior to the end of the
EWP, so first services can occur when cows
are digible for Al breeding. The Targeted
Breeding program then suggeststhat if no estrus
is detected after the second injection, a third
injection (second breeding injection) isgiven in
another 14 days. If no standing estrus is de-
tected after this third injection, then one fixed-
time insemination can be given at 80 hr &fter this
third injection of PGF,...

Ovsynch

The second method (named Ovsynch) is
dmilar to the previous program, except it re-
quires no heat detection (Figure 4). Infact, itis
described more accurately as an ovulation
gynchronization program; hence the name,
Ovsynch. An 100-ug injection of GnRH is
given 7 daysbeforea PGF,- injection, and then



asecond 100-ug injection of GNRH isadminis-
tered 36 to 48 hr after PGF,-, with one fixed-
time insemination given 8 to 20 hr later. (A
recent study has found that 1 mL or 50 pg of
Cydordinissufficient.) The firss GnRH injec-
tiondtersfallicular growth by inducing ovulation
of the largest follide (dominant fallide) in the
ovaries after the GnRH injection to form anew
or additional CL. Thus, estrus usualy does not
occur until after aPGF,- injection regressesthe
natura CL and the secondary CL (formed from
the follicde induced to ovulate by GnRH).
Therefore, a new group of follicles appearsin
the ovaries (based on transrectal
ultrasonographic evidence) within 1 to 2 days
after thefirg injection of GhRH. Fromthat new
group of fallicles, a newly developed dominant
fallide emerges, matures, and can ovulate after
edrusisinduced by PGF,.., or it can beinduced
to ovulate after a second injection of GnRH.
The GnRH injectionsrelease pituitary luteinizing
hormone (LH), the naturd ovulation-inducing
hormone of the estrous cycle. Few cows will
show heat in this program. About 8 to 16%
may show heat around the time of the PGF,.
injection. If so, those cows should be Al bred
according to the AM-PM rule and the second
GnRH injection diminated.

This program worksin replacement helfers,
but because of lower pregnancy rates than can
be achieved with other programs, it is not rec-
ommended. For some unexplained reason, the
fird GnRH injection falls to ovulate a follicle
about 50% of the time in heifers compared to
about 17% fallure in lactating cows. We have
found that thefixed-timeinsemination (Ovsynch)
produces dightly lower conception rates than
are achieved when Al breeding is done after
detecting a cow in standing estrus (GnRH +
PGF,. + heat detection). However, looking at
the number of pregnancies achieved per unit of
time, we find that the second program is very
competitive.

When fixed-time inseminaions are per-
formed in cowsthat you are attempting to Al .-
breed, then by definition conception rete is the
same as pregnancy rate, because the heat
detection rate (Al submission rate) is 100%.
Therefore, PR = HDR % CR becomesPR =1
x CRor PR=CR. For example, let’scompare
atraditiona Al programthat uses heat detection

to Ovsynchin which no heat detection isneces-
sary prior to first service (Table 4). 1f 70% of
the cows in the traditiona program are submit-
ted for insemination (70% hegt detection rate),
with a 50% conception rate, 35% of the cows
become pregnant in a 21-day period. With an
Ovsynch program, 100% of the cows are
inseminated, and withasmilar conceptionrate,
50% of the cows become pregnant in a 10-day
period. Therefore, 15 more pregnancies are
achieved at asmilar conception rate becausedl
cowséligiblefor insemination are Al bred; or in
other words, 30 digible cows in the traditiond
program were not inseminated because they
were not detected in heat. Therefore, more
pregnancies can be established per unit of time.

Costs of Heat Detection

Programmed breeding systems not only
provide an organized gpproach to administering
fira Al breedingsto dairy cowsor dairy heifers,
but should be cogt-effectivein most herds. Can
one determine whether or not the program-
breeding system is cost-effective?

The biggest problem in estimating the cost
of aprogrammed-breeding system is estimating
the red dollar value of hesat detection and the
convenience factor of usng a programmed-
breeding system. If all cows were Al bred
during one season of the year (seasond calving
and breeding), the value of heat detection could
be determined more easily as a component of
the tota number of pregnant cows at the end of
the breeding season. Perhaps a smilar vaue
could be determined by caculaing the number
of pregnant cowsat 100 or 150 daysin milk, or
the number pregnant after one round of a pro-
grammed breeding system. In this way, the
vaue of heat detection, as a component of the
pregnancy rate equation, might be estimated.

Because programmed breeding systems
basicdly are designed to synchronize estrus
before the first A.l.-breeding, cows must be
watched to observe the repeat estrus that oc-
curs when they fail to concaive to first service.
One way to diminate heat detection dmost
completely would be to determine an early
pregnancy status (for example, by day 15,
whichis not possible now) before an open cow
repeats to estrus and then synchronize the



repeat estrus so no heat detectionis necessary.
Another way would be to use ultrasound and
diagnose pregnancy at 28 to 30 days and then
reprogram the next estrus in the nonpregnant
cows. Evenwith that approach, some cowswill
be repesting to estrus at 21 to 23 days after
their first Al breeding that should have been
detected in estrus and reinseminated before the
pregnancy test.  Therefore, our current
programmed breeding systems require daily
heat detection to pick up the repeat estrus.
That being the case, the cost of heat detection
should be viewed as afixed cost just as milking
labor.

Cogts of Programmed Al Breeding

Assessing the costs of using  programmed
Al breeding is not easy. Further, most produc-
ers assume that it is more costly because of the
extra labor, semen, and hormones. Table 5
summarizes how programmed breeding pays
for itsdf. Let's assumethat you are usng Ov-
synch and want to compare that to Al breeding
cows based on heat detection, perhaps coupled
with tail chak, tail paint, or even Kamar®or
Bovine Beacon® heat-mount paiches. The
total cost of Ovsynch is about $38 ($13 for the
three injections, $5 for labor to administer
injections, $15 for semen, and $5 for Al breed-
ing). Tha compares to $20 (semen + Al
breeding) for the traditional approach. If we
asume that conception rate is 40% in both
cases, then at a 70% heat detection rate, the
traditiona program would produce 28 pregnan-
cies (70 x 40) and Ovsynch would produce 12
more pregnancies or 40 in totdl.

What is the additional vaue of those 12
pregnancies? To determine this, we need to
esimate the vaue of one pregnancy after the
cow has dready faled to conceive once. It
takes about 63 daysto get acow pregnant after
the first unsuccessful service, so at only $1 per
day, the pregnant cow has a $63 grester value
compared to the nonpregnant cow. On aver-
age, 2.5 more doses of semen + Al labor will
be needed or $50 more per pregnancy. If we
assume that 20% of the cows will fall to con-
ceive, the cost of areplacement heifer is$1200,
and the value of a cull cow is $500, then we
must add $140 ($700 x 20% culls). So one
additional pregnancy isworth $253 ($63 + $50

+$140). Becausethose 12 additiond pregnan-
cies cogt us $200 each, we have a postive
return on our investment of $53.

Now if heat detectioniscloser to 50% asin
most herds, then only 20 pregnancies are
achieved in21 daysand that is 20 lessthat what
is achieved with Ovsynch. Each of those preg-
nancieswould cost only $140 ($3800 Ovsynch
costs- $1000 traditional costs/20). Because of
poorer heat detection, it will take one more
estrous cycle or 84 days to get 80% of the
remaning cows pregnant, so the value of a
pregnant cow is $34 more than that of the open
cow. The costs of semen, Al breeding, and
culling are the same, so the value of one addi-
tiona pregnancy a a50%-hest detectionrateis
$274 ($84 + $50 + $140). That means the
cost of



$140 per each additional pregnancy gained
by Ovsynch gives a positive return of $134.
Clearly, Ovsynch or other programmed Al
breeding systems can pay for themselves
because more cows become pregnant per unit
of time, so even though more costs are asso-
ciated with their use, the return on invest-
ment is greater. Based on these cost esti-
mates, as either heat detection, conception
rates, or both decline, the programmed Al
breeding, in this case, Ovsynch, pays for
itself.

These differences between the two pro-
grams might be even greater, if the costs of
heat detection and tail chalk, tail paint, or

heat-mount detectors in the traditional pro-
gram were included. We know that heat
detection cannot be eliminated completely,
%0 it leaves us wondering how to estimate the
real costs of administering a programmed-
breeding system. Of course, many variables
determine the cost-benefit ratio of a given
system on each farm, for example, the num-
ber of cows, type of housing, cost and avail-
ability of skilled labor. The selection of the
best progranmed-breeding system for an
individual herd also depends on that herd's
rate of heat detection. Those herds with
excellent hest expression and(or) hest detec-
tion may be served best by programs with
less hormonal intervention.
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Tablel. Hoursto Estrusafter PGF,- Injections at Various Stages of the Cycle

Short Long Medium
Study Days 5-8 Days 8-11 Days 12-15
A 48 — 60
B 49 - 61
C 44 71 53
D 54 70 =
Unweighted average 47 70 58

Table2. Definitionsof Heat Detection, Conception, and Pregnancy Rates
Heat detection rate (HDR)

number of cows inseminated
number of cows synchronized

Conception rate (CR) = number of pregnant cows
number of cows inseminated
Pregnancy rate (PR) = number of pregnant cows
number of cows synchronized
PR = HDR x CR

Table3. Examplesof 21-Day Pregnancy Rates

Heat Detection Conception Rate Pregnancy Rate
HDR X CR = PR
60 X 30 = 18
60 X 40 = 24
60 X 50 = 30
60 X 60 = 36
40 x 50 = 20
50 X 50 = 25
60 X 50 = 30
70 X 50 = 35

Table4. Pregnancy Rates Achieved with Traditional Heat Detection' and Ovsynch?
Programs During 21 Days

Item Traditiona Ovsynch
No. of cows attempted for Al in 21 days 100 100
No. of cows submitted for Al (heat detection rate), % 70 100
Conception rate, % 50 50
Pregnancy rate?, % 35 50

! Obsarvation for estrus and no hormone use or estrus-synchronization program.

2 See Figure 4.

*PR=HDR x CR.
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Table5. Comparisonof Al Breeding Costsof Ovsynch and a Traditional Heat Detection
Program without Hormonal I ntervention

Per Cow Treditiond Ovsynch
Hormones', $ 0 13
Labor, $ 0 5
Semen + Al%, $ 20 20
Totd cogts, $ 20 38
Per 100 Cows Hest detection rate, %
No. of cows inseminated 50 70 100 100
No. of pregnancies® 20 28 40 40
Cost for 100 cows’, $ 1000 1400 3800 3800
Cost per pregnancy®, $ 50 50 95 95
Increased no. of pregnancies by Ovsynchf +20 +12
Totd cost of additiona pregnancies’, $ 2800 2400
Per cow cost of additiona pregnancies®, $ 140 200
Vaue of additiona pregnancy®, $ 274 253
Semen + Al labor, $ 50 50
Additional days open at $1 per day 84 63
Replacement codt, $ 140 140
Net return per additiona pregnancy, $ +134  +53

Source: Adapted from Hoard' s Dairyman, September 10, 1998, p. 662.

1 Cost of PGF,. = $3 and two doses of GnRH = $5.

2 Cogt of semen = $15 and insemination = $5.

3No. of pregnancies or pregnancy rate = heat detection rate x conception rate (40%).

4 No. inseminated (50, 70, or 100) x cost per cow.

° Cost per 100 cows divided by the number of pregnancies.

® Compared to 50% and 70% heat detection rates, respectively.

" Differencein cost for the traditiona and Ovsynch programs a each heat detection leve.

8 Cost of additional pregnancies divided by the number of pregnancies.

°Cost of 2.5 more services (40% conception rate) + average of 63 or 84 days open to
impregnate successfully 80% of the 12 or 20 remaining open cows (not pregnant after first service
in the traditional program), respectively, + the cost of replacing 20% of open cows with
replacements vaued a $1200 each and cull cows worth $500.
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PERFORMANCE OF LACTATING DAIRY CATTLEIN
THREE DIFFERENT COOLING SYSTEMS

M. J. Meyer, J. F. Smith, J. P. Harner 111,
J. E. Shirley, and E. C. Titgemeyer

SUmmary

Ninety-9x Holstein multiple-lactation cows
averagng 115 days in milk (DIM) and 60
Holstein firgt-lactation cows averaging 97 DIM
a theinitiation of a10-wk study between June
10 and August 22, 1998 were used to evauate
the effectiveness of three different cooling sys-
tems. Thirty-two multiparous cows and 20
firg-lactation cows were assigned to each of
three pens that contained different cooling
sysems. Thethreecooling systemsconssted of
:1) asinglerow of 36-inch fans, spaced at 24-ft
intervals over the freestdls and over the feed
row, 2) 56-inch cealing fans spaced at 12-ft
intervas over the freestalls, and 3) polytube
longitudina cooling over the freestdls. Each of
the three cooling systems utilized smilar sprin-
kler systems located over the feed line. Dry
matter intake, respirationrates, milk production,
and body condition scores were measured.
Cows cooled with overhead 36-inch fans pro-
duced more milk and had lower respiration
ratesthan those cooled with other methods. The
cows cooled with celling fanstended to produce
more milk than those cooled via the polytube.
Dry matter intake also tended to be greater for
cows cooled by overhead 36-inch fans.

(KeyWords. Heat Stress, Dairy, Milk Produc-
tion, Cooling.)

Introduction

Elevated temperature and humidity during
the summer months have dramatic effects on
milk production of dairy cows. Heat dtress
occurs whenthe cow’ s heat gain is greater than
her capacity to lose heat. Her heat load in-

creasesasthe summer temperaturesandrel ative
humidity increase, whereas her ability to diss-
pate heat decreases. Cows regulate body
temperatureby increasingrespirationrate, water
consumption, and swesting and by decreasing
feed intake. These combined events depress
milk production and limit reproductive perfor-
mance because of the shift in energy from those
functions to body temperature regulaion. The
primary way dairy cows dissipate heat during
heat dressis by evaporative cooling. Cooling
occurs when sweet or other moisture is evapo-
rated from the skin or respiratory tract. This
explans why dairy cattle sweet and have higher
respirationratesduring hest stress. High humid-
ity limitsthe ability of the cow to take advantage
of evaporative cooling. By providing fans with
sorinkler systems, the amount of evaporative
cooling and the rate at which the cow dissipates
heat are increased.

The objective of this sudy was to evduate
the effectiveness of three different cooling sys-
tems to reduce heat stress in lactating dairy
cows. Cogt of operation, initial investment cog,
and milk production were used to evauate the
economics of the systems.

Procedures

Ninety-9x older and 60 first-lactation cows
were paired by DIM, milk production, and
lactation number. Four penswith 100 Holstein
cows per pen were housed within a 4-row
freestdl barn a acommercid dairy near PAmer,
KS. The dimensions of the open-sded, east-
west digned barn were: length 420 feet, width
100 feet, eave height 13 fedt, roof pitch 4:12,
and ridge row width 30 inches. Each of the

'Department of Biologica and Agriculturd Engineering.
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three pens contained 20 first-lactation and 32
multiparous cows monitored for this sudy plus
other nonexperimental cows. Pensthat housed
cows in this study were located in the south-
west, northeast, and northwest sections of the
barn. Fansin dl three sysems were activated
automaticaly at 72EF.

The firg cooling sysem (FF) in the south-
west section of the barn consisted of 14, 36-
inch diameter circulation fans with 0.5 horse-
power motors. A sngle row of fans was
mounted every 24 ft over the freestdls and feed
line and angled down at a 30E angle. Airflow
ddivery rates per fan ranged from 10,000 to
11,500 cfm.

The second cooling system (CF) in the
northeast section of the barn used 14, 56-inch
caling fans with 0.1-hp motors and a rating of
21,000 cfm. Fanswere mounted 12 ft on center
with adownward air movement.

The third cooling system (PT) located inthe
northwest section of the barn used four, 36-inch
fans with 0.5 hp motors. Large polytubes were
attached to the fans, and when turned on, the
fans inflated the tubes. The fans and tubeswere
mounted 8 ft above the freestalls. The poly-
tubes had 3-inch holes a the five and seven
0'clock pogtions at 2-ft intervals.

All of the pens had identicd sprinkler sys-
tems. The nozzles were rated to ddiver 2.5
gd/hr and were spaced 78 inches on center.
The sprinklers were set for a 15-min cycle with
3 min on and 12 min off and were activated
when the temperature was above 80EF. The
designed application rate was 0.02 inches/ft? of
surface area, which consisted of 12 ft?/headlock
or 24-inch feeding space. The overal applica
tion rate was 50 gd/cycle (0.5 ga/24 inches of
feed line gpace) or 16 gpm/pen when asprinkler
system was on.

All digible cows received rbST at 14-day
intervas.  Daily milk production data were
collected on days —15, 1, 30, 32, 38, 62, 72,
and 74 of thestudy. Body condition of al cows
and heifers was evauated at the beginning and
end of the study. Respiration rates were col-
lected weekly on 10 older and 10 firgt-lactation
cowsin each treetment. Cowswere group fed,
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and each group received the same totd mixed
ration. The amounts of feed fed and refused
were weighed and recorded daily. Daily dry
meatter intake values represented the summer
averagesof al cowsper penand not specificaly
the 52 experimental cows per pen that were
monitored during our study.

Results and Discussion

At theinitiation of thestudy, no differencein
the level of production, stage of lactation, or
body condition score existed among the three
trestments (Table 1). Average milk production
of dl cows is shown in Table 1. Cowsin the
FF pen produced an average of 5.5 Ib more
(P<0.05) milk than CF cows and 6.7 Ib more
milk than PT cows. Milk yidd of multiparous
cows appeared to be affected more dramati-
cdly by thedifferent cooling syssemsthan that of
firs-lactation cows. Cows housed in FF pro-
duced an average of 93.3 Ib of milk, whereas
CF and PT cows produced 87.3 and 82.3 Ib,
repectively. First-lactation cowsinthe FF pen
produced 5.1 and 2.4 |b of milk more than CF
and PT cows, respectively. Older cowshoused
in FF produced 6 and 11 Ib of milk more than
CF and PT, respectively.

Throughout the summer, cowsin FF had an
average respiration rate of 8.3 breathg/min less
(P<0.05) than CF and 7.1 breaths/min less
(P<0.05) than PT cows. The respiration rates
of cowsin CF and PT tended to be smilar, with
adifference of only 1.3 breathgmin.

Tota amount of feed fed and refused and
number of cows per pen were recorded daily.
This information was used to cadculate dry
meatter intake per cow per day. Because this
informeation represented averages of al experi-
menta and nonexperimenta cows in the pens,
datisticad andysis could not be completed.
Higher dry matter intakes were congstent with
increased milk production and reduced respira
tion rates (Tables 1 and 2).

Body condition was evaluated at the begin-
ning and end of the study (Table 1). Cowsin
FF, CF, and PT gained averages of 0.32, 0.22,
and 0.18 BCS points, respectively. Changesin
body condition for mature and firg-lactation
cows are shown in Table 2. Mature cows



exposed to FF gained more (P<0.01) condition
than those in PT.

Table 3 provides an economic andysis of
the different cooling systems. Thisandyss

was performed assuming a 20% reduction in
milk production if cooling was not provided.
The returns on investment for FF, CF, and PT
were $84, $50, and $34 per stll, respectively.
Sengtivity andyss showed incressed milk
productionto bethebiggest snglefactor affect-
ing economic return.

Conclusion

All of the cooling systems studied had a
pogitive net return on investment, but FF pro-
vided the highest return. Cowsin FF produced
more milk on a daily bass, mantaned lower
average respiration rates, and tended to have
higher daily dry matter intakes.

Table 1. Milk Yield, Respiration Rates, Body Condition, and Feed I ntake of Dairy Cowsin

Three Cooling Systems

Cooling System’

Item FF CF PT SEM
Initial milk, Ib 949 943 954 11
Initial daysin milk 105.7 1058 105.7 10
Average milk, b 88.42 g2.9° 817" 18
Respiration rate, breaths/min 75.3 835 82.3 19
Dry matter intake, Ib 4.7 21 421 -
Change in body condition +0.32 +0.22 +0.18 0.036

'FF = Fans over freestalls and feedline, CF = ceiling fans over freestalls, PT = polytube cooling over

freestalls, and SEM = standard error of mean.

abM eans with uncommon superscript |etters differ (P<0.05).

Table2. Effect of Lactation Number on Cow Performancein Three Cooling Systems
Cooling System*
Mature cows First-lactation cows

Item FF CF PT SEM FF CF PT SEM
Initia milk, b 109.1 108.0 1094 14 80.6 80.6 814 18
Initial daysin milk 1140 115.2 115.6 13 974 9%.4 95.8 16
Average milk, Ib 93.3 87.3 823 2.28 835 784 811 273
Respiration rate, breaths/min 74.6 836 824 271 76.0 83.6 822 269
Change in body condition +0.31 +0.21 +0.13 0048 +032 +023 +023 0.055

IFF = Fans over freestalls and feedline, CF = ceiling fans over freestalls, PT = polytube cooling over freestalls,

and SEM = standard error of mean.
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Table3. Economic Analysisof Three Different Cooling Systems

Cooling System*

Item FF CF PT

Number of fans per pen 14 14 4
Fan size (hp per fan) 05 01 05
Number of days cooling system used 100 100 100
Hours of operation during summer 1200 1200 1200
Electrical demand charge ($/kW) 10.65 10.65 10.65
Electrical energy charge ($/kWh) 0.0585 0.0585 0.0585
Milk price ($/cwt) 12 12 12
Number of stalls per pen 84 84 84
Annual demand charge for fans ($) 519 104 148
Annual energy charge for fans ($) 368 74 105
Total cost of electricity for fans ($) 836 177 253
Lb of milk needed to pay electricity cost (Ib/stall/yr) 87.91 17.58 2512
Total sprinkler water usage (gal) 66000 66000 66000
Rural water cost per 1000 gallons ($) 16 16 16
Cost of water for sprinklers ($/pen/yr) 106 106 106
Lb of milk needed to pay water cost per year (Ib/stall/yr) 1048 1048 1048
Daily milk production (Ib/cow/day) 95 95 95
Production loss due to heat stress w/o cooling (%) 20 20 20
Production loss due to heat stress w/ cooling (%) 6.9 12.7 14
Milk production w/o cooling (Ib/cow/day) 76 76 76
Milk production w/ cooling (Ib/cow/day) 8384 82.9 81.7
Cooling response (Ib/cow/dy) 124 6.9 5.7
Feed cost ($/ton) 120 120 120
Extra production due to cooling (cwt/stall/yr) 124 6.9 57
Total extraincome dueto cooling ($/pen) 1254456 6990.48 57456
Cost per fan ($/fan) 260 89 450
Expected fan life (yrs) 7 5 4
Total fan cost per pen ($/pen) 3640 1246 1800
Installation of fansin apen ($/pen) 2838 1462 1462
Fixed and installation costs of sprinkler ($/pen) 500 500 500
Expected sprinkler life (yrs) 5 5 5
Total fixed cost of cooling systems ($/pen) 6978 3208 3762
Fixed fan cost ($/pen/yr) 92543 541.60 815.50
Fixed sprinkler cost ($/pen/yr) 100.00 100.00 100.00
Variable cooling cost ($/pen/yr) 992 283 359
Feed cost ($/pen/yr) 2903.83 161817 1330.00
Interest rate if money was invested (%) 8.00 8.00 8.00
Interest ($/yr) 55824 256.64 300.96
Gross income due to cooling system ($/pen/yr) $12,545 $6,990 $5,746
Operating cost due to cooling system ($/pen/yr) $5,479 $2,799 $2,905
Net income due to cooling system ($/yr/pen) $7,065 $4,191 $2,840
Return on investment ($/stall/yr) $34 $50 $34

'FF = Fans over freestalls and feedline, CF = ceiling fans over freestalls, PT = polytube cooling over freestals,
and SEM = standard error of mean.
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SAMPLING TECHNIQUESFOR AND INTERPRETATION
OF MILK UREA NITROGEN CONCENTRATION

J. E. Shirley, M. V. Scheffel, A. F. Park,
J. F. Smith, T. G. Rozell, and J. S. Stevenson

SUmmary

Representative MUN values can be ob-
tained by testing a milk sample before milking,
a AM or PM milking, or with an in-line sphon
sampling device. MUN values obtained from
homogenous milking strings are as accurate as
an average MUN vaue obtained by sampling
each cow in the gtring. Bulk tank sampling is
not advisable because of the variationin MUN
caused by stage of lactation. Small herds that
feed a angle TMR should use the average
MUN from cows between 60 and 200 days in
milk. Monthly sampling is recommended to
build adatabase. The effect of diet changeson
MUN can be assessed within 7 days.

(Key Words. Milk Sampling, Milk Urea Nitro-
gen, Blood Urea Nitrogen.)

Introduction

Milk urea nitrogen (MUN) is a reasonable
estimate of blood urea nitrogen (BUN), which,
inturn, is a reasonable predictor of the protein
datus of the dairy cow when used in conjunc-
tion with other herd information such as digt,
age of the cow, sampling time after feeding,
daysin milk, stress due to weether, exercise or
hedth gatus, and method of sampling. Blood
ureanitrogen isaby-product of anmoniaclear-
ance from the blood in order to maintain blood
pH at 7.0. This detoxification event occurs in
the liver where two amine groups (NH,) are
bonded to a ketone (C=0) to form urea for
excretion primarily inthe urine or to berecyced
back into the rumen via the sdivary glands to
serve as a nitrogen source for rumen microor-
ganigns. Theureanitrogenin milk isin equilib-
rium with that in the blood; thus, milk samples
provide a convenient method of determining
BUN.
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The origin of BUN is primarily ammonia
absorbed from the rumen with lesser amounts
from protein (or amino acid) metabolism to
provide glucose or energy during periods of
negaive energy balance. The latter source is
reldively minor when compared to the rumina
contribution. Therefore, BUN levels providea
reasonably accurate reflection of dietary effects
on rumen function. Our work clearly demon-
srates that BUN is strongly influenced by feed
intake. Figure 1 depicts the changes in blood
serum concentrations of urea nitrogen during
advancing days in milk and a'so demondrates
that sampling only a few cows in the herd,
without regard to stage of lactation, could
provide mideading information.

The purpose of our study was to assess
various sampling techniquesin order to provide
dairy producerswith themost convenient meth-
od of obtaining MUN vaues that accurately
reflect management changes in the herd.

Procedures

Cows at the Kansas State University Dairy
Teaching and Research Center were used to
evduate various milk sampling techniques for
MUN andysis. The MUN andyses of dl milk
samples were conducted at the Heart of Amer-
ica DHIA Laboratory located in Manhattan,
KS. Datawere collected to determine: 1) if a
sngle quarter sample of milk obtained immedi-
aely after prepping and before attaching the
milking unit provides an accurate MUN value,
2) if the MUN concentrations in AM and PM
samples agree with each other and with an
AM/PM composite sample; and 3) if asingle
dring sample accurately reflects the average
MUN vaues of the individud cows within the
string. Other data aso were collected to illus-



trate effects of the relationship between daysin
milk and diet changes on MUN vaues.

Results and Discussion

All dairy producers do not have access to
devices that permit them to obtain a homoge-
nous milk sample from each cow nor are they
members of a DHIA program. Thus, if MUN
levels are to be used as amanagement todl, itis
imperative that a low-cost sampling technique
be available to dl producers. Further, many
DHIA members use the AM/PM program that
provides a homogenous sample of either AM
milk or PM milk but not a composite sample of
both. This study was designed to provide
information on various sampling techniquesand
determine their accuracy relative to composite
AM/PM samples.

Milk samples obtained from 104 cows
(Table 1) indicate that either AM or PM sam-
ples provide a reasonable estimate of an
AM/PM composite sample and were within 1
mg/dl of each other. The difference in the two
vauesisnot large enough to impact the on-farm
decison-making process. Producers that do
not participate in DHIA and do not have ho-
mogenous sampling devices can utilizeasample
of milk from one quarter to evauate the MUN
leve intheir herd. Table 2 depictsthe relation-
ship among quarter samples taken immediately
before the milking unit was atached and com-
posite samples obtained after the cow was
milked. Samples among quarters contained
essentidly the same MUN and were within 1
mg/dL of the composte sample. Again, thisis
wdl within the tolerance necessary to support
management decisons.

Herd managers that group their cows by
production or stage of lactation need to know
the average MUN leve of thegroup in order to
facilitete decisons relative to diet components.
An inline sampling device that continuoudy
gphons a smdl amount of milk throughout the
milking process is being marketed (Heart of
AmericaDHIA, Manhattan, KS) asameans of
obtaining arepresentative string sample without
having to sample each cow in the string. The
vaue of such atechniqueis obvious, becauseit
would reduce sampling time and andytical codt.
Cows a the Kansas State University dairy were
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divided into seven strings. One string contained
27 cows, and the other 6 strings contained 24
cows each (Table 3). Individua cows were
sampled, and the average MUN vdueswithina
string were compared to the appropriate string
composite sample. The variation between the
two vaues was less than 1 mg/dL. Therefore,
a dngle gring sample provides a reasonable
edimate to use in making decisions rdive to
dietary changes We should note that this
technique should be used only for reasonably
homogenous groups. Bulk tank samplesfor an
entire herd will not provide an accurate value
because of the variation in feed intake across
days in milk as indicated by the variation in
MUN values in Table 4. Cows less that 60
days inmilk generdly have alower MUN vaue
than cows over 60 days in milk because they
eat less. MUN levelstend to decline after 200
days in milk because of adeclineinfeed intake.

Sampling smdl herdsthat feed asngletota
mixed ration can be accomplished in one of two
ways. All cowsinthe herd can be sampled and
sorted by daysin milk to provide aherd profile,
or cows between 60 and 200 days in milk can
be sampled and the average MUN value used
to make decisons reldive to dietary adjust-
ments. When the entire herd is sampled, the
MUN vaue for cows between 100 and 199
days in milk would be the most gppropriate one
to usg, if at least 25% of the herd fdlsin this
group. If not, then the average vaue should be
used for cows in the 41 to 99 and 100 to 199
daysin milk groups.

The impact of diet on MUN is related
primarily to the contents of rumindly avalable
protein and carbohydrates and feed intake.
Changes in dietary ingredients that result in an
increase or decrease in rumindly available
protein and carbohydrates usually increase or
decrease MUN, if feed intakeremainsrelatively
constant. Effective management of MUN levels
in the herd requires a knowledge of feedstuffs
with respect to their content of rumindly avail-
able protein and carbohydrate because of the
vaiation in rumen-undegraded protein and
nongtructura carbohydrates among feed grains
and common by-product feedstuffs. Further,
plant and(or) animal fats generaly are included
indietsto increase energy density; thus, they are
subgtituted for carbohydrate. This subgtitution



reducestheamount of energy availableto rumen
microbes and usudly results in an increase in
MUN. This is paticulaly true when gran
sorghum is the primary grain source, because it
is inherently low in rumen soluble carbohy-
drates. We observed postive effects on milk
yidd and milk protein and negative effects on

subgtituted for 30% of thegrain sorghumindiets
on an equa weight basis. The positive effect of
whest was most pronounced when the diets
contained approximately 5% fat. Increasngthe
rumen-undegraded protein from 35 to 40% of
total protein by substituting expeller soybean
med for solvent soybean med in the diet re-

MUN when wheat was ducedourherdaverage MUN from 19 mg/dL
to 16 mg/dL. Thisdropin MUN wasobserved
within aweek after the diets were changed.

These are afew examples that illustrate the
effect of diet on MUN and support the potential
benefit of usng MUN as a management tool.
Routine (monthly) MUN andysiswill providea
herd basdline over time that will be ussful inthe
decision-making process and can be supple-
mented with spot checks gpproximately 1 wk
after diets are changed.

Tablel. Mun Valuesin AM, PM, and AM/PM Composite Milk Samples from 104

Cows?
Time MUN(mg/dL) R?
AM 16.26 AM to PM 712
PM 15.18 AM to AM/PM .89
AM/PM 15.67 PMtoAM/PM .94

1Cows fed between 7 and 8 AM and 1 and 2 PM. Feed available at dl times.

Table2. MUN Valuesin Quarter and Composite Samples from 26 Cows?
Sample
Item LR LF RF RR Composite
MUN (mg/dL) 19.74 19.58 19.58 19.68 20.27

!Quarter samples taken after predipping by hand milking into aDHIA samplevid. Composite

sample taken from the weigh jar after milking.



Table3. MUN Valuesfor Individual Cows vs. String Milk Samples

Strings
Item 1 2 3 4 5 6 7
No. Cows 27 24 24 24 24 24 24

Compositel  20.58 18.92 18.33 19.29 18.06 18.20 18.63

Individual © 2017 1813 1800 1927 1816 1837 18.94

! Composite sample for each string collected with an in-line sampling device.
? Individual samples obtained from weigh jar and represent the average of the cows in a
string.

Table4. MUN Herd Profile by Daysin Milk

No. of Milk, Fat, Protein, MUN,
DIM cows Ib % % mg/dL
0- 40 14 61.3 4.60 3.20 12.7
41-99 48 93.6 3.20 2.85 16.6
100 - 199 64 80.0 3.55 3.15 16.0
200 - 299 58 70.0 3.65 3.35 15.7
300+ 29 53.0 3.95 3.65 14.3
Herd Average' 213 75.4 3.58 3.21 15.6

"Weighted average based on the number of cows per group.
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Figure 1. Relationship between Blood Urea Nitrogen and Days in Milk.
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FREESTALL BARN DESIGN AND MANAGEMENT
FOR COW COMFORT

W. G. Bickert*and J. F. Smith

SUmmary

Proper design, congtruction, and care of
freeddls are essentia to cows using the stdls
and redlizing their potentia benefits for comfort
and hedth. Freestall dimensions depend upon
paticular desgns and ae compromises
between ensuring optimum deanliness and
providing aspaciousareafor theultimatein cow
comfort. Freestals designed to meet these
fundamental needs will be most used. Most
likely, no perfect freestall design exists. Rather,
severd freestdl desgns may satidfy the basc
requirements of the cow perfectly well!

(Key Words. Freestall,
Bedding.)

Cow Comfort,

Introduction

A freeddl is an integra component of a
complex system that can be used to enhance
profitability on adary faam. The freestd| itsdf
Is a sysem made up of individud parts that
function together to become a vital dement of
the cow's environment. Therefore,
understanding relationships between the cow
and the freestdl as wdl as the interactions
among individud freesdl components is
important to design.

Basisfor Freestall Design

Cleanliness and comfort are two basic
prerequisites that must be stisfied in freestal
design and congruction. Cleanliness relates to
clean, dry conditions, especialy the gal bed in
the vicinity of the udder. Comfort means a
comfortable bed and roomy dimensons to

accommodatethe cow'sability tomoveeasly in
and out of the sdl and dlow her to lie
comfortably therein.

In Smplest terms, the main purpose of a
freestdl is to reduce exposure of the teat ends
to madtitis-causing organisms. So every effort
is made to provide a clean, dry place for the
udder on the freestal bed. Thenwe expect the
cow to choose a freestdl for a place to lie
down. Aneffectivefreestdl must be sufficiently
gppeding to acow to cause her to choosetolie
inagal 10to 14 hr per day.

A freestall should enable acow to rise and
lie down naturdly (See Figures 1 and 2 for
illudtrations of the risng movements of a cow).
A 1400-Ib cow requires 66 inches for body
space and about 18 inchesfor head space. This
adds up to 84 inches (7 ft), a commonly
recommended freestd| length.

Freestals dso must provide lunge spacefor
cows. This space ranges from 10 to 22 inches
added to the combined 84 inches for body and
head space. Or, the space is 28 to 40 inches
measured ahead of the foreknees. Accounting
for this lunge space is the fird and most
important aspect of gtal design. Itisthekey to
providing sdlsthat cows will use readily.

Whether the lunge space is provided ether
forward or to the side determines both the type
of partition to use and the overd| length of the
ddls. If theforward lungeisto occur withinthe
gdl envelope, the recommended length overdl
is a least 8 ft. Or, if gpace for the lunge is
provided to thesideinto an adjacent stal space,
overdl sdl length need be only 7 ft. Other

Professor, Agricultura Engineering Department, Michigan State University.
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dternatives are to dlow the cow to lunge
forward into agal space opposite the cow or
into an adjoining aley or even to the outside of
the barn itsdlf.

Types of Freestallsand Components

Depending upon provisonsfor thethrust of
the cow's head during the lunge, freestdls may
be in one of two categories—forward lunge or
side lunge. Figure 1 shows two examples of
forward-lunge sals and Figure 2 illusirates
gdelungeddls Certainly, other desgns may
satisy the concepts and principles of freestal
desgn equaly wel. Therefore, an evauation of
a particular freestal begins with assessing its
merits in meeting the basic needs of the cow
from the standpoint of comfort and cleanliness.

Sdelunge and forward-lunge freestdls
differ in partition shgpe and in gdl base design
a the front. Desgns are Smilar at the rear of
the stal. To reduce injury, both types provide
space beneath the lower rail to minimize contact
with the hip and pelvic area of the cow.

In asdelunge freetdl, the cow turns and
thrusts her head into an adjacent stall space as
sherises. Thelower ral of the partitionisether
high enough in the front to dlow the cow to
thrust her head under the lower rail or low
enough to alow the cow to thrust her head over
the lower rail without interference. If the cow
thrusts her head under the partition rail, the
bottom partition ral should be inddled a
minimum of 28inchesabovethe dl surface. If
the cow thrusts her head above the bottom rall,
the bottom partition rail should be amaximum of
7 inches above the sl surface. In the figures,
thesevauesaregreater, becausethedimensions
are measured from the top of the back curb, a
more stable reference point especidly in sand-
based freegtdls.

In aforward-lunge freestdl, additiond gall
length is needed to dlow the cow to lunge
forward—either within the sdl enveope or
through an open front to space beyond. If the
lunge is within the gal envelope, the sl must
be at least 8 ft long. If the lunge is through an
opendadl front, provide aminimum of 21 inches

of open vertica space.
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The brisket board defines the space for the
body of thelying cow and discourages her from
moving too far forwardinto the stdl when sheis
inalying pogtion. A brisket board is essentia
inastal where space for the lunge is provided
ahead of the cow.

A neck rail across the top rail of the stall
partition is important to maintaining dal
cleanliness. The neck rail encourages cows to
back up when risng and stops cows from
moving too far forward when standing without
being anuisanceto them. A neck rail that istoo
low hinders the risng movement. Neck rals
should be 66 inches ahead of the dley side of
tbheedcurb and at least 40 inches above the stall

Withsde-lunge stals, make sure that cows
have easy, natural access to the lunge space.
Whenthe recommended freestal length isused,
the partition is mounted such that the cow can
easly reach the lunge space. However, making
the freestall longer than necessary, say 7.5ft vs.
7 ft, pogtions the lunge space 6 inches farther
forward in the stal, well ahead of where it
should be for cow comfort. Without a brisket
board, the cow will movetoo far forward inthe
ddl, increasing the likelihood of her defecating
and uringting in the gdl. A brisket board will
help position cows to prevent dirty stals. But
cowswill still haveto reach forward avkwardly
to use the lunge space in alonger dall.

Recommended Dimensions

Dimengions chosen for freestalls represent
a compromise between cow comfort and cow
cleanliness. Stalsmust enable cowstoliedown
and get up naturdly and comfortably. Stals
should be wide enough that cows normally do
not contact stal partitionsin any way that could
causeinjury or that could damagethe partitions.
But gdls that are too wide may alow cows to
turnaround inthemor liediagondly. Salstha
are too long may alow lying too far forward,
unless brisket boards are used. All of these
conditions increase the possibility of manure
being deposited on the stall bed.



Table 1 showsarangein the recommended
stall widths and lengths. In
our opinion, thelower vauesof therangesinthe
table represent a livable compromise between
cow comfort (high rate of stal usage) and cow
deanliness. The upper vaues, which provide
for wider and longer dtdls, favor cow comfort
over ceanliness and will result in more time
being spent in gal maintenance.

Tablel. Suggested Freestall Dimensions

Neck Rail Height ~ Neck Rail and Brisket

Cow Freestall Freestall L ength? above Stall Bed Board Distance from
Weight Width! Side-lunge Forward-lunge Alley Side of Curb
---Ib--- --inches--  ------- inches------- - --inches- - - - ---inches--- -
800-1,200 42t0 44 78 9010 96 37 62
1,200-1,500 441048 84 96 to 102 40 66
over 1,500 48t052 0 10210 108 42 71

Width: “ center-to-center” with 2-inch pipe partitions.
2_ength: alley side of the curb to the front of the stall.

Withtwo rows of freestalls placed head-to-
head and designed for space-sharing, <l
partitions usualy are mounted on pods. This
dlows for unrestricted open space for the
forward lunge into the adjacent stal space.
Whenarow of building support postsislocated
down the center of thetwo facing rows, spacing
between the support posts must be amultiple of
the freestdl width, 45 inches on center for
typicd Holstein herds. Otherwise, building
support posts will be located periodicdly inthe
forward lunge space needed by the cow.
Freesta|l width should determine building post
spacing, not vice versa

In hot climates, consderation to hest
buildup in the freestall area may lead to wider
freestalls of 48 inches. Although, in a well-
ventilated building equipped with cooling fans,
the advantage of wider freestdls has not been
established.

Freestall Base and Bedding

The gtall base and bedding act together to
provide areslient bed with aclean, dry surface.
Of all the factors that discourage

use of freetdls, the condition of thebed islikely
the most important. Avoid beds that are too
hard (concrete, concrete with a rubber mat,
compacted earth). Swollen hocks and knees
result from abed that doesnot provide sufficient
cushion. Avoid beds with mounds, lumps, or
holes. Such conditions reduce comfort for the
cow, but, worse yet, can cause difficulties for
therising cow. Lack of comfort and difficulty in
risng both discourage freestdl use.

Slope the base upward 4% from therear to
the front. Use a curb that puts the stall beds 6
to 10 inches above the dlley. The curb must
keep scraped manure or flush water out of
ddls.

Bedding material added on top of the base
absorbs moisture and manure tracked into the
ddl. It dso adds reslience, making the sl
more comfortable, and reducesthe potentia for
injuries. Possible materids are straw, sawdust,
wood chips, sand, composted manure, ground
limestone, shredded newspaper, rice hulls, corn
stalks, and peanut hulls. Choice of bedding
material may influence selection of a manure
handling and storage system. Too much straw
or other organic materid can build up a
subgtantia crust in a storage area, creating
problems with agitation a emptying. Theuseof



short, fine bedding materia reduces the amount
dragged into the manure dley.

Two methods have emerged as top
candidates. i) mattresses with bedding on top
and ii) a deep layer of sand. In our opinion,
sand can be considered asthe gold standard for
a freestdl base and bedding. If other materias
are to be consdered as dternatives and are to
be evauated onthe basis of cow comfort, sand
is the basis for comparison. The only logical
reesons for not usng sand would be the
difficulty it adds to the manure system or limited
avallability of high qudity sand.

As a cushion or for resilience, loose sand
conforms to the shape of body components,
e.g., kneesor hocks. Thisreduces pressure on
projecting bones and body parts by distributing
downward force or weight over a larger area.
This is important to the lying cown—her tota
welght is trandferred to the lying surface via the
contact point of her body.

Spreading the cow’s weight over a larger
area aso protects her front knees during risng.
A cow rigng from a lying pogtion lunges
forward, transferring the weight of her body
forward so she can more easly rise on her
hindquarters. The knees act as the fulcrum for
this teeter-totter action, and the sall bed
provides the cushion for the knees. During the
lunge, the weight transfer process increases the
downward force on each knee from 350 Ib
(about 25% of her weight) to 500 Ib or
more—on each knee! Asthe sand conformsto
the shape of the knee, increasing the area over
which this downward weight is digtributed, it
lowers the potentia for injury to the knee.

L oose sand servesto digtribute consstently
the downward weight probably better than any
other maerid or combination of materids
currently in use. Thus, loose sand represents
the standard of comparisonwhen eva uating sall
beds of various materids for tharr cushioning
effect.

Good footing in the freestdl is essentid to
the cow’s ability to lie down and rise easily. In
this case, “footing” means not only reducing the
tendency to dip, but dlowing the cow to more-
or-less embed her foot in the surface so as to
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provide good leverage. When a cow can rise
more confidently, rigng time is reduced. In
addition, the tendency to rock back and forthis
lessened, and risng is accomplished more
smoothly, reducing trauma to the legs. Loose
sand provides excelent “footing”. Beds of
other materials must be equivaent

A bed of loose sand (6 inches minimum)
maintaned in the stall area acts as both base
and bedding. Sand contributesto cow comfort,
good udder hedth, and cleanliness. Inaddition,
sand kicked into the dleys improves footing.
However, the sand should not contain small
rocksor pebbles, which could cause damageto
the hoof or lameness.

Every 1 to 4 wk, sand should be added to
the front of the stdl bed, dlowing the cow to
work it toward the rear of the stdl. Sand
should be replenished before the front of the
ddl bed becomes lower than the rear, a
condition that makes it difficult for cowsto rise
and causes them to lie diagondly in the gall.
Thistends to put more manure in the gals and
leads to dirtier cows.

Sand bedding hasmany advantagesfor cow
comfort and hedth, but it may greatly
complicate the manure-handling sysem. Good
planning—including sdection of a handling
sysem, storage needs, and equipment—is
essentidl.

A dry sufece is essentid to minimize
bacterial growth. The surface of a sand bed
days dry through its infiltration capacity.
Dryness of the surface of a bedding mattressis
assured only by the presence of dry bedding,
e.g., chopped straw or sawdust. Thus, dry
bedding on the surface is an essentid aspect of
ameattress system.

Bedding mattresses, 3 to 4 inches thick,
placed over hard stall bases such as concrete or
well-compacted earth can provideasatisfactory
cushion. A bedding mattress consists of
bedding material sandwiched in a
fabric—heavyweight polypropylene or other
materid.  Various materids are used as
file—ong or chopped straw, sawdust,
shavings, and shredded or ground rubber.
Mattresses need to be covered with bedding to



reduce friction and to keep them dry. Smdl
amountsof bedding (chopped straw) maintained
on top of the mattresshelp keep the surface dry
and improve cow comfort.

When the lying cow tends to dide around
while lying down, the friction between her hide
and thelying surface can be abrasive. Chopped
straw or smilar materid on a bedding mattress
actsasalubricating layer to reduce abrasionsto
the skin. Sand diding over sand has a amilar
positive effect.

The search goes on for the ultimate freestall
bed. Meanwhile, a bed of loose sand and
rubber-filled mattresseswith organic bedding on
top ae two methods for sisfying the
requirements for freestdl beds that promote
cow comfort and good udder hedth. Sand
appears to have the advantage. However,
ether system, properly ingtaled and maintained,
can contributeto adesirable environment for the
dairy cow.

Freestall Care

Proper freestdl care includes dally
ingpection and remova of wet bedding and
manure, besides adding dry bedding
periodicaly. Neglected freestalswithexcessve
moisture or accumulationsof manure canleadto
an increased incidence of madtitis.

For stalswith bases such as sand that must
be replenished, upward dope of the base
toward the front aways should be maintained.

This upward dope helps position cows more
squarely in the tdl when lying down, and this
contributes to cleaner stalls and cleaner cows.

Selecting and L ocating Freestall Barns

Sdecting the type of freestdl housing is an
important decision that should be made with the
lactating cow in mind. Severa options are
avalable when sdecting freestdl housing for
lacteting dairy cows. Some of the options
include2-row, 3-row, 4-row, or 6-row freestall
barns. Access to feed and water is reduced by
33% if the length of the feedlineand the number
of waterer dations are not increased. The
advantage of 2-row or 4-row freestal barns is
access to feed and water. The advantage of 6-
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row barns is cost; however, producers should
be concerned about the level of heat stressand
the limited feeding area. Producers building 6-
row barns should serioudy consider cooling
systems during periods of heat stress.

Proper ventilation is essentid in a freestdl
barn. Freestal housing should be congtructed
to provide good naturd ventilation. Sidewalls
should be 12 to 14 ft high to increase the
volume of ar inthehousng area. Thesdewdls
should have the ability to open 75 to 100%.
Fresh air should be introduced at the cow’s
level. Curtains on the Sdes of freestal barns
dlow gregter flexibility in adjusing the
environment around the cow. Because warm
ar rises, steeper doped roofs provide upward
flow of warm air. Roof dopes for freestdl
housing should range from4/12t0 5/12. Roofs
with dopes less than 4/12 may have
condensationand higher internal temperaturesin
the summer. Providing openings on the end
wadls in addition to aley doors will improve
summer ventilation. Gablebuildingsshould have
a continuous ridge opening to dlow warm air to
escape. The ridge opening should be 2 inches
for each 10 ft of building width. Naturdly
ventilated buildings should have a minimum of
100 ft between sructures. In the midwes,
freestdl barnsaretypicaly oriented east towest
to take advantage of sun angles and provide
afternoon shade. Producers who construct
barns north to south will find an overhang onthe
west Sde desirable to produce shade for stals
on the west sde of the barn during the
afternoon. Freestall barns should be located as
close to the milking center as possible without
restricting ventilation. The god isto reducethe
distancethat cows haveto walk to and from the
milking parlor. Field observations indicate that
the dislance from the gate of the housing areato
the gate of the holding pen should be a
maximum of 1000 ft for 2x milking, 700 ft for 3x
milking, and 500 ft for 4x milking.

Water Availability

High-producing dairy cows can consume
between 30 and 50 gal of water/day. Water
should be provided to cowsleaving the milking
parlor. In parlors that are double 25's or
amdler, one 8-t trough is usudly sufficient. In
freestdl housing, water should be located at



every crossover. There should be one waterer
or 2 ft of tank perimeter for every 10 to 20
COWS.

The water system must be able to provide
75 to 100 gal/cow/day. Peak flow rate is
determined by number of waterers, assuming
100% utilization or milk parlor usage during
deaning. A minimum size well is probably 10
gpm, with 20 to 30 gpm, being preferred.

How Many Crossovers Are Needed?

Crossovers should be provided every 120
to 160 ft, or every 30 to 40 stalls. Crossovers
are typically 10 to 12 ft wide. However, if a
waterer is located in the crossover, consider
increesing the width to 14 ft to dlow passage
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behind other cowsthat aredrinking. Producers
often will reduce the number of crossoversin
freestdl barns to reduce construction costs.
Thisisnot agood aternativefrom acow’ spoint
of view. Reducing the number of crossovers
limitsaccessto feed and water. It also reduces
the total length available to condruct the
feedline. Very few producers stock freestall
barns at one cow per gdl. The tendency isto
overstock freestdl facilities. Therefore,
reducing the number of crossoversor thewidth
of crossoversrestricts accessto feed and water
and limits the space for cows at the feed line.
The bottom lineisthat the cows suffer when the
number of crossoversis reduced.

Groupsof Cows

Typicdly, large dairies have eight strings or
groups of milking cows. They dsowould have
pens for dow milking cows, madtitiscows, fresh
cows, dry cows, and springers. The dow
milking pen would have capacity for 2% of the
milking cows. The fresh pen and madtitis pen
would each have the capacity for 1% of the
milkingcows. Also, aminimum of two dry-cow
pens and one pen for soringers usudly is
constructed.
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Figure 1. Forward-Lunge Freestalls.

Top of curb (A) is used as the primary reference point for measurements, except when the stal

bed is elevated. When the stall bed is elevated, the apparent top of the stall bed at the curb is
the reference point. Dimensions are for a 1,400 Ib cow. Refer to Table 1 for proper freestall

size. This page is adapted from Dairy Freestall Housing and Equipment, MWPS-7, Sixth
Edition, 1997, MidWest Plan Service, Ames, IA. Origina drawings by W.G. Bickert.
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Figure 2a. Side lunge
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Figure 2b. Wide loop
partition.

Cow thrusts her head over the
lower rail of the partition into
the adjacent stall space.
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Figure 2. Side-Lunge Freestalls.

Top of curb (A) is used as the primary reference point for measurements, except when the stal
bed iselevated. When the stall bed is elevated, the apparent top of the stall bed at the curb is
the reference point. Dimensions are for a 1,400 Ib cow. Refer to Table 1 for proper freestall
size. This page is adapted from Dairy Freestall Housing and Equipment, MWPS-7, Sixth
Edition, 1997, MidWest Plan Service, Ames, IA. Original drawings by W.G. Bickert.
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TOWER TANK VALVE FLUSHING SYSTEM
FOR DAIRY FACILITIES

J. P. Harner?, J. P. Murphy?, and J. F. Smith

SUmmary

Hushing characteristics of a tower tank
vave flushing sysem with a 12-inch-diameter
manua valve were determined. Data were
obtained using the outside cow dleysin afour-
row freestd| barn. The adleys were 12 ft wide
and 420 ft long with a2% dope. Theaverage
flow rate exceeded 8,000 gallons per minute
(gpm) when the average head was above 30 ft
and the manua vave opened 80 degrees.
Opening the vave to 90 degrees increased the
flow rate to over 9,700 gpm. The velocity of
the flushingwavewas 8.5 fpm with aflow depth
of 3.5in. The estimated wave duration or dley
contact time was 14.6 sec with a 25-40 sec
release time from the flush tank. The flow rate
ranged from 5,300 gpm to 7,200 gpm when the
average head was between 16 and 28 ft.

(Key Words. FHushing, Manure, Water Usage,
Freegtdl.)

Introduction

Hushing systems that collect and transport
manure are utilized in dairy operations. They
offer the advantage of labor reduction with
automated systems, limited scraping require-
ments, lower operating cost, drier floors, po-
tential reduction in odor, and cleaner facilities.
One disadvantage is that an optiona method of
haendling the manure may be necessary during
colder weather. Other disadvantages include
the water requirements per cow and the initia
fixed cod.

Dedgned flushsysems utilize aflush device
to release the correct volume of water a the

appropriate discharge rate and duration of time.
This achieves the designed flow velocity, con-
tact time, and depth of water in the gutter to
obtain adequate cleaning.

Daly water requirements for flushing vary
depending on thewidth, length, and dope of the
flushed area.  Buildings with dleys doping 2 to
4% will use less water for flushing than dleys
with a1% dope. At anoptima dope of 3%, a
minmum flush volume is 100 gd/ft of guiter
width for flushing lengths of less than 150 ft.
Longer lengths require more water with a sug-
gested maximum release of 175 gd/ft. One
study found 40 to 50 gd/cow/flush were re-
quired for effective flushing. A sudy of Sx
dairies found flush water requirements ranging
from 240 to 620 gd/cow/day. Ancther design
procedure recommended sdecting the larger of
two volumes, either 52 gd/cow/flush or 1.35
gd/xq ft of dley/flush.

Most flushing sysems utilize purchased
componentsthet include pipeline sysemsusing
pop-up valves or plates and underground pip-
ing. The objective of our sudy was to develop
atower tank vave (TTV) flushing system that
could be incorporated into an exigting or new
dairy using sand-bedded freestdls. Desred
flushing characteristicsincluded arel easerate of
9,000 to 10,000 gpm, water usage of 4,200
gd/flush, 30 sec flushing interva, and the ability
to move sand-laden manure.

'Department of Biologica and Agriculturd Engineering.
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Procedures

A TTV sysem was indaled a a dairy in
north-central Kansas. Thefreestdl building was
420 ftlong with a2% dope. Thedleyshad a 1-
inch dope towards the freestdl curb from the
outsde wall. The four-row barn had 84 free-
galsper row. The feed dley was 14 ft wide,
and the cow dley was 12 ft wide.

The TTV flush system consisted of open-
top flush tanksthat were 10.4 ft in diameter and
385 ft tdl. Theflushing system used a6- to 7-
ft section of 16-inch pipe exiting the tank at a
right angle. The 16-inch pipe has a 45 dope
ingdethetank. Another 6- to 7-ft section of 12-
inch pipe, which included a 12-inch manua
gate valve, then was used to direct the water to
the flush dleys. The pipe outlet directed the
water dong the freestal curb.

Measurements were made using the upper
200 ft of the 12-ft dleyswhilethe cowswerein
the milking parlor. Except for thefirg flush, the
dleyswerefree of manureand sand. During the
study, the gate valve was opened 80E for the
firs study and then 90E during the second

studly.

Tests were conducted at the site on two
separate days. Measurements taken during the
study used the 12-ft outside alleys, and the data
were averaged together based on initid head.
The flush water velocity was measured at a
distance of 50 ft and 100 ft from a reference
point. The reference point was located 90 ft
from the outlet of the flush tank. The water
front reached uniform flow prior to the refer-
ence point. Stop watches were started as the
wave front passed the reference point and then
stopped as it traveled past the known distance.
Theflush velocity was determined by averaging
the velocities of the wave traveling 50 and 100
ft.

The flush tanks were equipped with pres-
ure gages to measure the water pressure be-
fore and after each flush. The difference in
pressure was used to determine the drop in
water devation and the volume of water re-
leased. The average discharge rate was deter-
mined by the water volume release during a
giventime. The time interva was based on the
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time the vave was opened. The actud flush
timewas normally 2 to 3 sec longer to include
the timeinterva required to fully openthevave.
The flush valve was closed after the front had
traveled 200 ft or gpproximately 30 sec. The
steady-state rel ease volume was not measured.
However, based on the Bernoulli equation and
using the friction losses of the different compo-
nents, the estimated Steady date rate was
10,500 gpm.

The flow depth was determined at the
reference point and at the 50- and 100-ft
intervas.  The depth was determined by
measuring the distance from the top of the curb
to thetop of the flush water and then subtracting
this value from the total curb height. After the
flush tanks werefilled, thefill valve was closed.
Multiple tests were conducted until the tank
depth was below 10 ft.

Results and Discussions

Table 1 summarizes the results when the
vave was 80E open. Thedischargeratewasa
function of initid head and varied from 8,700
gpm to 5,000 gpm. The initid head varied
from 34 ft to 16 ft. Thewave velocity ranged
from?7to 10 fpm, with an overal average of 8.5
fpm. The average water depth was 4 inches,

Table 2 presents the results of the second
study with the valve opened 90E. Discharge
rates increesed a minimum of 500 gpm
compared to opening the valve only 80E with a
gmilar initid head. Vdocity was reduced from
11.5 fpsto 6.7 fps as the head decreased from
over 30 ft to lessthan 10 ft. The depth of wave
also was reduced about 50% astheinitia head
decreased.

The water usage based on a 8,500 gpm
discharge rate and a 30 sec flush is equd to
0.84 gd/square ft, a flow rate of 700 gpmy/ft
width of gutter, and awater usage of 350 gal/ft
of gutter. Based on number of freestalls and
flushing three times daily, the water usage was
48 gd/gdl/flush or 140 gd/day/stal. Based on
a 30 sec flush three times daily in the milk
parlor, the water usage in the milk parlor was
39 gd/ddl/day. Visud ingpections indicated
that the flush sysem removed the sand and
manure from the dleys.



Conclusons

Proceduresweredeve opedfor determining
on-ste performance of flushing sysems. The
flushing parameters of a TTV  flush system
exceeded current design recommendations.
The modifications smplified the condruction
process and maintenance. If repars are
necessary, the whole system does not have to
be drained, unlessthe pump hasto be replaced.
The manua valves can be replaced by dectric-
driven actuators with flush intervals based on
time. The TTV flush system dso is able to
adapt to existing dairies, providing they have
roomto handlethe flush water a thelower end.
One disadvantageto aTTV flush sysem isthat
more tanks are required. The initiad cogt
appearsto besmilar to that of pipeline sysems
using

underground piping to equalize the pressure
between two tanks.

The flush tank rel ease rate be considered a
the upper and lower ends of the dleys. Sand
traps and gravity solid settling basinsneed to be
designed to handle higher velocities of flush
water. Based onvisud inspection of thedleys,
we suggest a minimum flush velocity of 7.5 fps
and preferably 10 fps for sand-bedded
freestals. Current recommendationson release
rates appear to be adequate based on thisstudy
and with 400 ft dleys. The water depth at the
freestdl curb should be a minimum of 3 inches,
with4inchespreferred. Theenergy of theflush
water needs to be directed aong the freestall
curb rather than in the center of the dley with
sand-bedded freeqdls.  This endbles the
flushing system to remove sand away from the
curbs and avoids having to occasiondly scrape
the sand away from the curbs. Properly
designed flush systems can be utilized for
effective remova of sand-laden manure in new
or exiging dairy faclities.

Tablel. Characteristicsof TTV Flushing System with Valve 80 Degrees Open

Initid No. of Flow Flow Contact
Head Obsarvations Veocity Rate! Depth Time?
- - fps- - --gpm--  --inches- - --Sec- -
>30 2 10.6 8,420 4.9 115
26 - 30 2 9.8 8,150 39 13.9
21-25 3 85 6,360 4.2 12.2
16- 20 3 7.8 5,670 3.7 13.0
11-15 No measurements taken
6-10 No measurements taken

TAverage flow rate based on from opening to closing of vave.
Egtimated based on released rate, flow depth, and velocity.



Table2. Characteristicsof TTV Flushing System with Valve 90 Degrees Open

Initid No. of Flow Flow Contact
Head Obsarvations Veocity Rate! Depth Time?

--fps-- --gpm--  --inches--  --sSec--
>30 3 115 9,740 3.6 11.2
26 - 30 3 10.8 8,630 3.6 11.9
21-25 2 9.4 7,760 3.0 134
16 - 20 3 8.3 7,390 3.3 15.4
11-15 3 7.6 5,940 3.0 16.3
6-10 3 6.7 5,010 25 20.0

*Average flow rate based on from opening to closing of vave.

Egtimated based on released rate, flow depth, and velocity.
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ASSESSMENT OF MASTITIC INFECTION IN BOVINE
MILK USING ATP BIOLUMINESCENCE

M. J. Meyer, K. A. Schmidt,
J. E. Shirley, and D. Sukup*

SUmmary

Few choices exit for a mobile, rapid, and
nonsubjective assessment of madtiticinfectionin
bovine milk.  This project evauated the
effectiveness of usng the Biotrace® raw milk
quaity ATP bioluminescence assay to servethis
role. Milk samples with various somatic cel
counts (13,000 - 2,500,000) and signs of
meadtitic infection were obtained from the
Kansas State Univeraty Dary Teaching and
Research Center. Within 24 hr, raw milk
samples were evaluated for microbid numbers
and relative light units (RLU). The printed test
procedure was modified to evaluate accurately
clinica madtitic milk samples. As somatic cell
count increased in raw milk, the RLU vaue
increased. In addition, RLU vaues
differentiated among milk samples with various
levels of madtiticinfection (none, subclinicd, and
dinicd). Repeatability of the ATP bio-lumine-
scence method was very good (CV = 4.76%).
These results suggest that the Biotrace® raw
milk quality test kit can served effectively as a
nonsubjective, rapid assay to determine the
degree of madtitic infection in bovine milk.

(Key Words. Madtitis, Somatic Cell Count,
ATP Bioluminescence)

Introduction

Problems with raw milk qudity and
mammay gland hedth are among the most
codly hedth concerns on dairy fams. Poor
mammary gland hedth adversdy affects a
dairy's profitability in two didinct aress. Firg,
milk price premiums and deductions are
determined in part by milk qudity as indicated

by somatic cell count (SCC). Secondly, a
lactating cow with a madtitis problem (SCC >
300,000) can show ina10to 15% reductionin
milk production compared to herd mates
without a madtitis problem.

Madtitis isan inflammation of the mammary
gland and can be caused by physicd traumaor
more commonly by microbid infestation of the
mammary gland. There are two categories of
madtitis. subclinicd and clinical. Cows with
subclinical  madtitis  produce milk  without
physica abnormadlities gpparent to the naked
eye. Subdinical madtitis accounts for 90 to
95% of al madtitis cases. Cows with clinical
meadtitis produce milk with obvious physicd
abnormadlities, namely, the presence of scar
tissue.

To combat the inflammation, the animd’s
immune system floods the affected area with
white blood cdlsor leukocytes (which makeup
the mgjority of the cellsin an SCC). Asa
result, the leukocyte concentration in the milk
increases.  The degree of inflammation is
directly proportiona to the leukocyte
concentration.  This relationship dlows the
hedth satus of alactating mammary gland to be
determined by enumerating somatic cells in the
milk.  Unfortunately, nonsubjective rapid
assessment of milk SCCs requires the use of
large, nonmobile, computer-driven equipment.

The physcd environment indde the
mammary gland serves as an idead growth
medium for ahogt of microorganiams, dlowing
them to flourish and resulting in the immune
response previoudy described. This rapid
microbid growth was confirmed recently;

"Manager, Heart of America DHIA, Manhattan, KS.
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bacteria had an increased multiplication rate in
meadtitic milk. Increasesin microbid adenosine
triphosphate (ATP) seem to correlate well with
indicators for madtitis inflammation. The fact
that the most common cause of madtitis is
microbid infesaion of the mammary gland
presents the opportunity to evaluate mammary
gand hedth by rapid microbid enumeration
procedures, such as ATP bioluminescence.

Our objectives were to determine whether:
1) the Biotrace™ raw milk qudity test kit
procedure was correlated with raw milk SCC
and 2) the Biotrace™ raw milk qudity test kit
procedure could distinguish among raw bovine
milk samples with various degrees of madtitic
infection.

Procedures

Milk samples were collected from the
complete milking of each cow, stored at 2.8EC,
and assayed within 24 hr after collection. With
each milk sample, triplicate microbid ATP
assays were performed, and duplicate SCC
vaues were obtained.

The Somacount 500 Andyzer (Bently
Industries Inc.) at the Heart of America DHIA
Lab, Manhattan, KS, was used to perform the
SCC assays. Microbiad ATP concentration
vaueswere monitored using the Biotrace M ulti-
Lite Milk Bacterid Kit (Biotrace, Bregend,
Wades). 1000pL of prewarmed (37EC)
Somex-A was added to 1 mL of raw milk,
rotamixed for 5 seconds, incubated in a water
bath at 37EC for 4 minutes, and then rotamixed
agan for 5 seconds. Samples were filtered
through a 13 mm gserile filter. The filter was
rinsed with 5mL of derile rinse solution. The
filter containing the microorganisms then was
removed with dserile forceps and placed
horizontdly into a vid containing S00FL of the
microbid ATP extracting enzyme M-Bactex.
Contents of the vid were gently mixed and
alowed to stand for 1 minute. Then 200 FL of
the solution was placed into a sterile cuvette, to
which 100 FL of the luciferinluciferase reagent
(Enzyme-MLX) was added.

The ATP bioluminescence assay employs
an enzymatic reaction between luciferase and
microbid ATP. The light emitted via the

luciferase reaction is measured by a Biotrace
Uni-Lite luminometer and quantified as relative
light units (RLU). The RLU vauesthen can be
rdlated to the microbid population of the
sample. In order to assay drictly microbia
ATP, somaticcdl ATPand naivemilk ATPare
removed. Somatic cells are less resstant to
physca sress dicited by the Biotrace
extractant Somex-A that causes the somatic
cdls to rupture. The somatic cell ATP and
native milk ATP then are flushed away from the
intact microbid cdls in afiltration sep. The
extractant and filtration Steps findize the
sective remova of dl nonmicrobid cdls.

Fve milk samples (labeled 1 through 5)
were prepared from raw milk samplescollected
from three different cows, each with different
mammay hedth status. These cows were
designated 1, 3, and 5. Cow #1 (n = 4)
produced milk that showed no physica signsof
clinica madtitis and consstently maintained a
low SCC (<50,000). Thissample represented
milk from a hedthy mammary gland. Cow #3
(n=4) produced milk that showed no physical
ggns of dinicd maditis and consgently
mantaned SCCs of >300,000 and
<1,000,000. This sample represented milk
fromacow with subclinical mastitis. Cow #5 (n
= 3) produced milk that showed physca sgns
of dinical madtitis (scar tissue in the milk) and
condgently maintained SCCs >2,000,000.
This sample represented milk from a cow with
cinicad maditis. Sample #2 (n = 4) was
prepared by a 50:50 volumetric mixture of milk
samples from cows #1 and #3. This sample
represented milk produced by a cow with mild
subclinical madtitisrelativeto #3. Sample#4 (n
= 3) was prepared by a 50:50 volumetric
mixture of milk samplesfrom cows#1 and #5.
This sample represented milk produced by a
cow with mild dinica madtitis reldive to #5.

Experiments were replicated fivetimes. All
data were transformed into log,, vaues before
datigtical anayses were compared.  To
determineif SCCs differed among the different
milk treatments, SCCs were subjected to
andysis of variance.

Results and Discussion



Figure 1 shows the strong correlation (r> =
.95; P<.05) among the five milk treetments and
the SCCs. This assay proved to be highly
repeatable across al data points (CV = 4%).
Thus, the Somacount 500 SCC assay served as
agtandard for our investigation.

Figure2 representstherel ationshi p between
the five milk treatments and the ATP assay
results (expressed as log RLU). A strong
correlaion (r’= .90; P<.05) existed between
theATP assay and the samples with various
levels of madtiticinfection. The ATP assay dso
exhibited high repeatability (CV = 4.8%).

Average values for the SCC assay and the
ATP assay are shown in Tables 1 and 2,
regpectively. Both assays exhibited smilar
abilities to diginguish among dinica maditis
(treetment 4 and 5), subclinical madtitis
(treatments 2 and 3), and no madtitic infection
(trestment 1). The origind milk samples
(treatments 1, 3, and 5) were distinguished
eadly from each other. However, wefound that
both assays lack the ability to Satidticaly
differentiate between mild dlinicd (trestment 4)
and clinica (treatment 5) madtitis and between
mild subclinica (trestment 2) and subclinica
(trestment 3) milk samples. Our resultsindicate
that both assays were equaly capable of
repeatedly digtinguishing among variousdegrees
of madtitic infection.

As a final test, the Pearson correlation
coefficent was calculated for the dependent
vaiabless SCC and ATP vdue. The
relaionship between the two variables is
represented

in Figure 3 by a scatter plot of dl RLU and
SCC data points. A dtrong correlation
(Pearson correlation = .91; P = .001) existed
between the microbia load of the milk samples
(determined by the ATP assay) and the SCCs.

Conclusion

Statistical analyses of the results obtained
during this invedigation illusraied the high
repeatability of the ATP assay and the high
degree of corrdation between milk trestments
and ATPassay vaues. Further anadysisshowed
astrong correlation betweenthe ATPand SCC
vaues. The ATP assay dso demondtrated the
ability to differentiate among milk samples with
vaious leves of maditic infection:  none,
subclinicd, and dlinica. These results suggest
that the Biotrace ATP assay could serve as a
highly repeatable and mobile dternative to the
SCC assay in monitoring bovine meadtitic
infection. Use of the Biotrace ATP for rapid,
on-thefarm, quantitative analyses of medtitic
infection deserves further investigation.
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Figure 1. Scatter Plot of Somatic Cell
Count (SCC) Valuesand Milk Treatments
(r?=.95; P<.05; CV = 4%).
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Scatter Plot of Microbial

ATP(RLU) Values and Five Milk

Treatments (R?=.90; P<.05; CV = 4.8%).

Figure 3. Scatter Plot of Microbial ATP
(RLU) and Somatic Cel Count (SCC)
Values from All Treatments (r = .91; P =

.001).

Tablel. Mean RdativeLight Unit (RLU) Valuesfrom ATP Bioluminescence
Assay
Treatment Madtitis No. RLU
1 None 3 4.0
2 Mild subdlinicd 3 3.9%
3 Subdlinica 4 3.6™
4 Mild dinica 4 3.5°
5 Clinica 4 2.8¢
ab.c.dR] U values with uncommon superscript |etters differ (P<.05).
Table2. Mean Somatic Cell Counts
Treatment Madtitis No. Log SCC
1 None 3 6.4%
2 Mild subdlinicd 3 6.1%
3 Subdlinica 4 6.0~
4 Mild dinica 4 5.7
5 Clinicd 4 4.1

abc.d og SCC vaues with uncommon superscript |etters differ (P<.05).
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COOLING RATE AND STORAGE TEMPERATURE
AFFECT BACTERIAL COUNTSIN RAW MILK

I. M. Cox, S. Adapa, and K. A. Schmidt

SUmmary

Raw milk was obtained from the K-State
Dary Teaching and Research Center and
evauated for quality after being stored under
vaious conditions. Results showed that as
storage temperature increased from 35 to 45EF
for 0 to 72 hr, total bacteria counts increased,
whereas the titratable acidity and pH vaues
remained fairly congtant. Changing the cooling
rate affected microbial numbers. Cooling to
40EF within 30 versus 120 min reduced
microbid counts by 50%. Fndly, the
preincubation test was shown to be an effective
method to document possible psychrotrophic
contamination before the milk arrives a the
processing facility.

(Key Words. Raw Milk, Cooling Rete, Storage
Temperature, Microbia Counts.)

Introduction

Cooling is an important step that can
dramaticaly affect milk qudity. The
Pasteurized Milk Ordinance specifies that milk
mug be cooled to 45EF within 2 hr of milking
and remain a that temperature or below
throughout the digtribution system. In some
dates, if raw milk reaches SOEF or above, it will
be downgraded automatically to Grade B.
Thus, raw milk temperature can affect the
financia status of dairy producers.

In addition to temperature, the rate of
cooling dso affects milk qudity. As the time
increases, the milk is exposed to higher
temperatures for longer periods. Thiscondition
will favor greater microbid growth. Thus, the
cooling rate sets the environment that can affect
microbid growth.

Severd tests are done to evduate the
qudity of raw milk. The most common tests
indude pH, titratable acidity (TA), and total
plate counts or standard plate counts. The pH
and titratable acidity tests are quick tests that
canindicatemicrobid activity. Theplate counts
enumerate certain types of microbesthat arein
the milk but are time consuming. Processors
may include a preincubation test on raw milk.
Thistest is designed specificdly to evauate the
psychrotrophic  contamination level and
gengdly is used to assess on-farm sanitation
and hygienictransportation procedures. For the
preincubation test, incoming raw milk is placed
at 55EF for 18 hr and then plated to determine
microbia numbers. Under these conditions,
psychrotrophic growth is favored.
Psychrotrophs are often the causes of fluid milk

spoilage.

Asxsdang incoming rawv milk qudity is
becoming more important. As milk processng
fadlities decrease in number, milk must be
transported greater distances. Thisdday inraw
milk processing alowsmicrobid growth, which
causes deterioration. Thus, this study was
conducted to evauate the effects of storage
temperature and cooling rate on the qudity of
rav milk and to illusrate the use of a
preincubation test for determining the
acceptance/rgection criteria of raw milk at a
fluid milk processng plant.

Procedures

Raw milk was obtained from the K-State
Dairy Teaching and Research Center, kept cold
(< 45EF), and transported immediately to the
K-State Dairy Processing Plant. Milk samples
were evauated for total aerobic plate counts
(TPC), pH, and TA. All tests were done in



duplicate, and at least three replications were
done for each trid.

Trial 1. Storage temperature. Milk
samples were incubated at 35, 40,
or 45EF for 72 hr. Every 24 hr,
sampleswereeval uated asdescribed
above.

Trial 2. Cooling rate. Milk samples were
cooled to 45EF a each of the
falowingtimes: within 30 min, within
2 hr, within 12 hr, and within 24 hr.
After each test time, samples were

evaluated as described above.

Trial 3. Prediminary incubation test. Milk
was preincubated at 55EF for 18 hr

and evaluated as described above.

Results and Discussion

Average vaduesfor pH, TA, and TPC were
fairly consgtent over the 72-hr period at dl
three temperatures. Slight changes occurred in
the TPC. Thisis sgnificant, because dl three
storage temperatures are considered “legd”
temperatures for raw milk storage. A 72-hr
“age’ on raw milk before processng is highly
likdy. Table 3 illustrates that a the higher
temperatures, more microbia growth occurs
that potentially can spail the milk. A dairy
processing plant, in theory, should accept dl
three loads of milk. However, because longer
shdf lives are desired, the 45EF gored milk
would be the least desirable to process into a
fluid milk product.

Table 4 illudrates the effect of cooling rate
on the qudity of raw milk. Asthe cooling rate
increased, pH vaues decreased, TA vaues
increased, and microbia countsincreased. The
raw milk that was cooled fastest had lower TPC
counts. The TPC count in the quickly cooled
milk was haf that of the milk cooled within 120
min. Thus the importance of quick cooling can
be easily seen. Although our results suggest that
raw milk cooled to 40EF within 12 hr is
acceptable from a legad standpoint, it did not
meet the cooling criterion of 45EF within 2 hr.
Table 4 dearly illustrates the need to cool milk
quickly, and onceit iscooled, to maintain those
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cooler temperatures (Tables 1, 2, and 3) to
preserve the high qudity of the fluid milk.

The K-State Dairy Processing Plant uses
the following criteriato accept raw milk for fluid
milk products: antibiotic negetive, pH 6.6 - 6.8,
TA .14 - .17%, and TPC < 80,000 cfu/mL.
Over the past few years, dl incoming raw milk
has been accepted. The records from K-State
Dairy Processng Plant show that the plant
produced high qudity flud milk with a
satisfactory shelf life.  However, to better
evauate the K-State raw milk, a preincubation
test would provide information about possble
psychrotrophic contamination.

The test results for three loads of milk
dearly show the vaue of the preincubation test.
Incoming milk (before incubation) had
acceptable TA and pH vaues and very low
microbid counts. As expected, the preincu-
bation results showed higher TA vaues,
indicating that microbia growth had occurred,
whichwas verified by TPC results. These data
indicate that some improvements may need to
be madewith the on-farm sanitation practicesor
in the sanitary hauling of milk to the plant.

The preincubation information isinvauable
and can drengthen the supplier-buyer
relationship. From the preincubation data, a
producer can determinewhereimprovementsin
sanitation, milking practices, or employee
actions may be warranted. To make high
quality processed milk, high qudity raw milk is
necessary.  Thus, providing direction for
possble improvements in rav milk qudity
benefits everyone -- the producer, the
processor, and the final consumer.

Conclusons

The qudlity of raw milk isaffected greetly by
handling conditions on the farm and throughout
the digtribution cycle. This study shows that as
storage temperatureincreases, microbia activity
will increese and the qudity of milk will
decrease. As cooling time increases, rawv milk
quality will decrease. Thus, it is important to
cool milk quickly and to as low a temperature
as possble. The preincubation test is an
effective



method to determine psychrotophic
contamination, which is generdly the cause of

pasteurized milk spoilage.

Table1l. AveragepH Valuesof Raw Milk Stored at Different Temperaturest

Incubation Time, hr

Temperature 0 24 48 72
35EF 6.70 + .03 6.77 + .04 6.81 + .03 6.80 + .02
40EF 6.76 + .04 6.81+.04 6.80 + .01
45EF 6.77 + .04 6.81 + .02 6.80 + .02

Mean + SD.

Table2. Average Titratable Acidity (TA) Values of Raw Milk Stored at Different

Temperaturest
Incubation Time, hr
Temperature 0 24 48 72
35EF A5+ .01 A4+ .01 14 + .02 A4+ .01
40EF 14+ .01 14 +.02 14+ .01
45EF 14+ .01 15+.01 15+ .01
Mean + SD.

Table3. Average Total Plate Counts (TPC) of Raw Milk Stored at Different

Temperatures
Incubation Time, hr
Temperature 0 24 48 172
35EF 16+.49 20 +1.04 1.8 +.89 14 +.19
40EF 16 +.83 15 + .45 19 +.93
45EF 21 +1.16 20 +.75 3.2 +2.27
Multiplied by 1,000; results are reported in cfu/ml.
Mean + SD.



Table4. AveragepH and Titratable Acidity (TA) Values and Total Plate Counts! (TPC)
for Raw Milk Cooled to 40EF at Different Time Intervalst

Interval to Cooling, hr

Item 0.5 2 12 24
pH 6.82 +.04 6.81 + .08 6.78 + .03 6.64 + .01
TA 13+ .01 14+ .01 15+ .01 19+ .02
TPC! 28+24 6.6+4.1 190 + 140 88,000 + 8190
Multiplied by 1,000; results are reported in cfu/ml.
Mean + SD.

Table5. Evaluation of Milk for K-State Dairy Processing Plant

Item Before Incubation After Incubation
pH 6.76 + .07 6.74 + .01
TA 16+0 A18+0

TPC! 6.3+38 62 + 32

Multiplied by 1,000; results are reported in cfu/ml.
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EXTRUDED-EXPELLED COTTONSEED MEAL (EXPRESS™)
AS A SOURCE OF PROTEIN AND FAT FOR
LACTATING DAIRY COWS

J. E. Shirley, A. F. Park,
M. V. Sheffel, and E. C. Titgemeyer

SUmmary

Twenty-four Holstein cowswereused in Six
4x4 Latin squares to evauate the effects of
subgtituting extruded-expelled cottonseed medl
(Express™) for whole cottonseed and solvent
soybean med in diets for lactating cows. No
differences were obsarved in milk and milk
component yield among treatments.
Percentages of fat, protein, solids-not-fat, and
lactose in milk were smilar among trestments
Replacing whole cottonseed with Express™
tended to reduce milk urea nitrogen but had no
effect on milk protein percentage or yield. Cow
acceptability of Express™ was excellent
throughout the 84-day study conducted
betweenlate Juneand September when ambient
temperature exceeded 100EF for 35 days.
Long-term dsorage of Express™ in a
commodity barn was not a problem. In vitro
andyds of Express™ reveded that it contains
gpproximately 75% rumenundegradableprotein
(RUP) with an integtinally absorbable dietary
protein value of 53.4%. Express™ is an
excedlent source of RUP, and the protein
fraction is highly digestiblein the smdl intestine.

(Key Words Lactaing Cows, Extruder-
Expelled Cottonseed Medl.)

Introduction

Whole cottonseed processed through an
extruder followed by an expdller results in a
product that contains approximately 27% crude
protein and 7.5% fat. The extrusion process
decreases the rumind degradability of the
protein fraction.  The resultant product,
extruded-expelled cottonseed med, has the
potentia to be a source of high quaity rumen
undegradable protein (RUP) for dairy cows in
addition to its inherent fat content and positive

contribution to neutral detergent fiber (NDF)
and acid detergent fiber (ADF) in high energy
diets.

Use of this product would reduce the
number of ingredients needed to formulate diets
for high-producing dairy cows and provide an
economica source of RUP. Reuctance to
switch from whole cottonseed to extruded-
expeled cottonseed mea probably has
occurred because of alack of performancedata
available for the extruded-expelled product.

The objective of this sudy wasto evduate
the effect of extruded-expelled cottonseed medl
on milk yield and components when substituted
for whole cottonseed and sol vent soybean meal
in diets for lactating cows.

Procedures

Twenty-four Holstein cowswereused insix
4x4 Lain sguares. Cowswerefed individualy
dietstypica of those used in commercid daries
withal of thecered grain supplied ascorn. The
diets differed only in source of protein and
amounts of fat. The following combinations
were compared: 1) 6 Ib of whole cottonseed
and 2 Ib didillers grains, 2) 3 Ib of whole
cottonseed, 3 |b Express™ med, and 2 |b
didillersgrains, 3) 61b Express™ med and 21b
digtillersgrains, and 4) 8 Ib Express™ med.

All diets(Table 1) werefed asatotal mixed
ration. As Express™ replaced whole
cottonseed, aportion of the SBM wasreplaced
with corn in order to keep diets equa in
nitrogen (protein) content. Cowswerefed each
diet for 21 days with feed intake and milk
productionmeasured daily. Milk sampleswere
andyzed weekly for milk compogtion; milk
protein, fat, lactose, solids-not-fat, MUN, and



somatic cells were measured by the DHIA
Laboratory, Manhattan, KS. Cows were
weighed and scored for body condition at the
beginning and end of each 21-day period.

Results and Discussion

The response of lactating dairy cows to an
extruded-expelled cottonseed mea product
with lint (Express™) is shown in Table 2.
Substituting Express™ for 50% or 100% of the
whole cottonseed in the diet did not affect milk
yidd or compostion, even though the fat
content of the diet was reduced from 5.1% of
dry matter to 4.5% of dry matter when
Express™ replaced 6 1bs. of whole cottonseed
in the diet on an equa weight basis. Reduction
of dietary fat without a change in milk yidd
indicates that the additiona fat supplied by
whole cottonseed was not efficiently utilized by
the cows.

The protein fraction of Express™ is
gpproximately 75% rumen undegradable (RUP;
Table 3) based on Dr. Marshdl Stern's
(Universty of Minnesota) procedure and 55%
RUP based on the values provided by Insta-
Pro7 Extruson Technology (Des Maines, 1A).
We used 55% RUPin our formulation, because
that wasthe value availableto usat theinitiation
of the study. Table 3 aso shows that the RUP
fraction of Express™ is quite digestible in the
intestines,
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whichiscritica to its success as an absorbable
protein.

Express™ was fed with and without
didillers dried grains (Table 2, diets ECSMD
and ECSV) todetermineif didtillersdried grains
were beneficial. No differencewasobservedin
production performance between the two diets,
uggedting that Express™ provided sufficient
amino acids to support the production level
observed. The dry matter intake across diets
was lower than anticipated and reflected the
effect of high ambient temperature and humidity
during most of the study period.

The use of diets with devated RUP is
important for cows producing at levels higher
than those achieved in this sudy. Thus, we
expect that the extruded-expelled cottonseed
meal would improve the performance of cows
producing over 70 Ib of milk per day. This
predictionisbased on previousexperienceusing
other sources of RUP. The milk urea nitrogen
(MUN) content was low across diets because
of the low dry matter intakes, but the MUN
vaues tended to decrease as the amount of
Express™ in the diet increased.

In summary, extruded-expeller cottonseed
medl can be subgtituted successfully for whole
cottonseed and didillers grains in diets for
lactating dairy cows. It isan effective source of
rumen undegradable protein. Further studies
during the cool seasons a  higher milk
production levels are needed.



Tablel. Experimental Diets
Ingredient WCS WCS-ECSM ECSMD ECSM
---------------- % of dry matter - - -------------

Alfdfahay 27.0 27.0 27.0 27.0
Corn slage 20.0 20.0 20.0 20.0
Shelled corn 31.0 319 32.8 32.8
Soybean meal (48%) 6.0 5.1 4.2 4.2
Whole cottonseed 9.0 4.5 0 0

Extruded cottonseed 0 4.5 9.0 12.0
Didiller grans 3.0 3.0 3.0 0

Molasses 1.0 1.0 1.0 1.0
Min.vit. Premix 3.0 3.0 3.0 3.0

'WCS = 6 Ib of whole cottonseed; WCS-ECSM = 3 Ib WCS and 3 Ib extruded-expelled

cottonseed med; ECSMD = 6 |b of extruded-expelled cottonseed med with 2 1b of didtillersgrains,
ECSM =8 b of extruded-expelled cottonseed medl.

Table2. Response of Lactating Dairy Cows to Whole Cottonseed and Extruded
Cottonseed Meal during the Summer

Diets'
ltem WCS WCSECSM ECSMD ECSM SE?
Milk, lb/day 55.5 57.0 53.0 54.7 .99
DMI, Ib/day 43.3 44.8 40.4 44.0 1.41
Efficiency, milk to feed 1.28 1.27 1.31 1.24
Butter fat, % 3.60 3.77 3.61 3.58 .075
Protein, % 3.13 3.12 3.15 3.14 .030
Lactose, % 491 4.82 4.77 4.85 .052
SNF, % 8.72 8.71 8.66 8.75 .035
Change in body wt, Ib +28 +15 +12 +10 7.2
MUN?2 14.1 13.8 135 134 24

'WCS = 6 Ib of whole cottonseed; WCS-ECSM = 3 Ib WCS and 3 Ib extruded-expelled

cottonseed medl; ECSMD = 6 Ib of extruded-expelled cottonseed meal with 2 [b of didtillersgrins
ECSM =8 |b of extruded-expelled cottonseed medl.
MUN = milk urea nitrogen.

Table3. Protein Availability Estimatesfor Diet Ingredients

Rate of CP
Sample CP RDP!  Solubility Degradation D2 IADP®
(% as (% of (% of (hh (% of RUP) (%)
SBM standard 44.7 83.2 16.6 -.26 85.8 14.4
Extruded full-fat soybeans 37.7 52.3 6.1 -.051 74.7 35.6
Express™ 23.6 25.7 11.8 -.011 719 534
Expeller SBM 424 48.7 7.5 -.048 76.8 394

1RDP = rumen degradable protein.
2ID = intestind digestion.
3|ADP = intestinally absorbable dietary protein (RDP x intestind digestion).
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PROCESSED GRAIN SORGHUM AND GRAIN SORGHUM
COMBINATIONSFOR DAIRY COWS

J. E. Shirley, E. C. Titgemeyer, J. S. Drouillard,
A.F. Park and M. V. Scheffel

SUmmary

Twenty-four Holstein cows were used to
evauate the effects of processing methods on
gransorghum utilization by lactating dairy cows.
No difference was observed in the utilization of
steam-flaked grain sorghum and pelleted grain
sorghum obtained by adding water to finey
ground grain sorghum prior to extruson and
oven drying a a temperature of 200EF.
Extensve processing (pell eting or seam-flaking)
improved feed efficiency reative to dry rolling.
Cows fed diets containing more extensvey
processed grains atelessfeed but produced the
same amount of milk as cows fed dies
containing dry-rolled grain.

(Key Words: Lactating Cows, Processed Grain
Sorghum, Dry-Rolled Grain Sorghum.)

Introduction

The nutritive vaue of grain sorghum for
dairy cattleisimproved by extensve processng
methods such as seam-flaking, which disrupts
the starch granules and makes the starch more
accessible to rumen microorganisms. In recent
years, research at Kansas State University has
demongtrated that a processed grain sorghum
product generated by grinding, adding water,
extruding, and drying (hereafter referred to as
pelleted grain sorghum) has a dgnificantly
improved energy vaue when compared to dry-
rolled grain sorghum. We aso have observed
that feed efficiencies (milk produced per unit of
feed intake) were dightly better with pelleted
grain sorghum than with rolled corn. However,
in those dudies, feed intake and milk fat
percentage were depressed when the pelleted
grain sorghum weas fed. This implies that the
pelleted product may have been fermented

withinthe rumentoo rapidly, thus cregting aless
than idedl fermentation.

One method to reduce this excessively
rapid fermentation would be to reduce the
degree of processng of the grain. This would
be difficult in practice. A Smple dternative
would be to mix the processed grain with dry-
rolledgrain. A mixtureof extensvely processed
grans (pelleted or steam-flaked) with less
processed gran sorghum (dry-rolled) might
provide the benefits of processng without the
negative influences of an excessvely rapid
fermentetion. Further, if mixtures were used,
only a portion of the grain would need to be
processed extensvely; this would reduce
processing cods for the grain sorghum and
make it a more attractive feedstuff for Kansas
dairies. The objectives of this study wereto 1)
compare the feeding vadue of seam-flaked and
pelleted grain sorghum for lactating dairy cows
and 2) determine if combining processed grain
sorghum (steam-flaked and pelleted) with dry-
rolled grain sorghum is beneficid.

Procedures

Twenty-four Holstein cows were used in
gx concurrent 4x4 Latin squares. Cows were
individualy fed diets typica of those used in
Kansas with dl of the cered grain supplied as
gransorghum (Table1). Thedietsdiffered only
in how the grain sorghum was processed. The
following combinations were compared: 1) al
pelleted; 2) dl steam-flaked; 3) %2 pdlleted, Y2
dry-rolled; and 4) Y steam-flaked, Y% dry-
rolled.

Cows were fed eachdiet for 28 days, and
feed intake and milk production were measured
daily. Milk samples(AM/PM composite) were
analyzed weekly for compostion; milk protein,



fat, lactose, solids-not-fat, and somatic cells
were measured by the DHIA Laboratory,
Manhattan, KS. Cows were weighed and
scored for body condition at the beginning and
end of each period. On the find week of each
28-day period, blood samples were collected
fromthetail vein, and total amino acid and urea
concentrations in plasma were measured.

Results and Discussion

The cows responded wel to dl diets
(Table 2). Processng of dl of the grain
sorghum, ether by steam-flaking or by pelleting
depressed (P<0.01) dry matter intake but
improved feed efficiency (P<0.01). The
addition of dry-rolled grain sorghum to the
processed grains improved dry matter intake,
but this wasnot trandated into higher milk yied.

Tablel. Experimental Diets

Processing did not affect plasmaglucoseor
total amino acids but depressed (P<0.01)
plasma urea nitrogen (PUN). The decrease in
PUN supports the argument that processing
improves darch digegtion in the rumen. This
effect on PUN is interesting, because it
demongrates that diets high in rumen
undegradable protein (39.4% of tota protein)
respond pogtivdy to rumen available
carbohydrate when dry matter intake is high.
Cowsinthisstudy weighed gpproximately 1380
Ib and consumed 4.45% of body weght in dry
matter on the processed grain diets and
approximately 4.6% of body weight on the
combination diets (processed and dry-rolled).
The depression in PUN probably resulted from
both a decrease in dry matter intake and an
increase in energy available to the rumen
microorganism.

Insummary, extend veprocessngimproves
the feeding vaue of grain sorghum in diets for
lactating dairy cows. No sgnificant differences
were observed between steam-flaking and
pdleting.

Steam- Y Pelleted Y5> Steam-Flaked

Ingredient Pdlleted Flaked % Dry-Rolled % Dry-Rolled

--------------- % of dry matter - - - - - - - ------
Alfdfahay 27.34 27.34 27.34 27.34
Corn slage 195 195 19.5 19.5
Whole cottonseed 94 9.4 9.4 9.4
Soybean medl 9.0 9.0 9.0 9.0
Didillersgrains 3.0 3.0 3.0 3.0
Pelleted grain sorghum 27.6 - 13.8 -
Steam-flaked grain sorghum - 27.6 - 13.8
Dry-ralled grain sorghum - - 13.8 13.8
Molasses 0.85 0.85 0.85 0.85
Dicacium phosphate 0.7 0.7 0.7 0.7
Limestone 11 11 1.1 1.1
Sodium bicarbonate 0.87 0.87 0.87 0.87
Magnesum oxide 0.21 0.21 0.21 0.21
Trace-minerdized st 0.31 0.31 0.31 0.31
Minerd/Vitamin mix 0.12 0.12 0.12 0.12




Table 2. Effect of Diets on Production Parameters of L actating Dairy Cows
YoPeleted Y2 Steam-Flaked

Parameter Pelleted Steam-Flaked %2 Dry-Rolled %2 Dry-Rolled
No. of cows 24 24 24 24
Dry matter intake (DM1), Ib/day 61.5% 61.7% 64.2° 63.1°
Milk, Ib/day 92.6 93.5 93.1 92.4
Butter fat, % 341 3.48 3.54 3.47
Milk protein, % 3.06 3.03 3.07 3.06
Lactose, % 4.95 494 4.95 4.95
SNF, % 8.73 8.70 8.74 8.74
Butter fat, [b/day 3.14 3.25 3.27 3.18
Milk protein, Ib/day 2.82 2.83 2.84 281
3.5% FCM, Ib/day 91.0 93.2 93.2 915
Energy-corrected

milk (ECM), Ib/day 91.3 93.1 93.2 91.6
ECM/DMI 1.48 151 145 145
SCC, x1000 199 126 312 114
Body wt change, Ib -0.5 +4.6 +0.3 +7.0

ab\eans with different superscript letter differ (P<0.05).

Table3. Diet Effects on Plasma Urea Nitrogen, Total Amino Acids, and Glucose
Concentrations of L actating Dairy Cows

Y5 Pelleted Y5 Steam-Flaked

ltem Pelleted Steam-FHaked %2 Dry-Rolled % Dry-Rolled
Glucose, mg/dL 66.6 67.1 65.8 66.3
Amino acids, mM 2.61 2.46 254 255
PUN, mg/dL 13.95% 13.95% 15.24° 14.43b

abMeans with different superscript letter differ (P<0.05).
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GROWTH AND FEED EFFICIENCY OF GROWING DAIRY
REPLACEMENT HEIFERS SUPPLEMENTED WITH
RUMENSIN® OR BOVATEC®

J. E. Shirley, M. Scheffel, A. Park,
J. F. Smith, and E. C. Titgemeyer

SUmmary

Ninety Holstein heifers were used to
examine the effects of Rumensn® or
Bovatec®. Average dally gan and feed
efficency was greater for hefers fed
Rumenan® than for hefers fed Bovatec®.
Hefers fed Rumensin® consumed more total
dry matter per day but dightly lessdry maiter as
a percent of body weight than hefers fed
Bovatec®. No differences were observed in
body condition score and hip height between
dietary trestments. The primary goa of a
heifer-feeding program is to obtain a desired
rate of gainwithout fettening & theleast possible
cost. Results of this study support the use of
Rumensn® in digs for growing dary
replacement heifers.

(Key Words: Replacement Heifers,
Rumensn®, Bovatec®.)

Introduction

Dary producers and managers of
replacement heifer operations want to improve
the efficiency of the growing phase of dairy
heifers. The god of many managersisto have
dary heifers cave by 24 mo of age a a
precalving weight of 1360 Ib or a postcalving
weight of 1200 Ib. Severd sudiesindicatethat
this goa can be achieved, if the rate of gain
averages 1.8 Ib/day from birth to 24 mo.
Increasing the rate of gain to 2 |b/day would
result in a Smilar Szed heifer a goproximady
22 mo of age. Rates of gain greater than 1.8
Ib/day have beendiscouraged between 3 and 9
mo of age because of the negative effect on
future milk production documented in some
dudies. Others have suggested that the
geneticaly superior heifers available today can
grow a 2 Ib/day without negative effects on
future milk production. A key point for growing

dairy heifers may betheir body condition prior
to puberty rather than daily gain. The second
god of producersisto minimizefeed cost per Ib
of gan. Many of the diets fed to replacement
heifers condst of poor quaity forages fed free
choice and a corn-soybean meal (12 to 14%
crude protein) grain mix with assorted mineras
and vitamins and an ionophore. Studies usng
range cattle fed low qudity forages suggest that
energy supplementation reduces fiber digestion
intherumen; thus, it isnot codt effectivein many
cases. The use of ionophores has increased in
dairy heifer replacement programs because of
thar pogtive effect on rate of gain and feed

efficency.

Rumenan® (Monensn: Elanco Animd
Hedlth) and Bovatec® (Lasdocid: Hoffmann-
LaRoche) have claims for increased rate of
weight gain in dary replacement hefers in
addition to cdams regarding the control and
prevention of coccidioss in cdves ad
improved feed efficiency in cattle fed for
daughter. No study has compared the efficacy
of each ionophorein dairy replacement hefers
weighing between 250 and 600 |b of body
weight. The purpose of this study was to
compare growth rate, feed intake, and feed
efficiency of dairy hefers fed Rumensn® or
Bovatec® beginning at approximately 250 |b of

body weight.
Procedures

Ninety Holstein heifers were transported
fromCimarron Dairy, located a Cimarron, KS,
to the Kansas State Universty dairy facility in
Manhattan on September 24 and 25, 1997.
Gooseneck trailers were used to trangport the
heifers. Thetrip of 250 milesrequired 5 hr. All
heifersreceived 1.5 cc of micotil per 100 Ib of
body weight immediady prior to leaving
Cimarron Dairy and again at 5 days after their



arival. The hefers had free-choice access to
prarie hay and water upon arivd. All hefers
received atotal mixed ration (TMR) conssting
of chopped prairie hay and a 16% protein
concentrate beginning 12 hr after arrival and
continuing for 6 days. Then they received a
TMR consisting of chopped prairie hay, corn
Slage, and concentrate until the treetmentswere
initiated.

Twenty-eight days after arrivd, the heifers
were ranked by body weight (average of
weights on 2 consecutive days) from largest to
gndlest and aternately assigned to trestment
dietscontaining either Rumensn® or Bovatec®.
Withintrestments, heiferswere assgned to pens
by initia weight and remained in the same pen
throughout the sudy. Eighteen pens containing
five heifers each were used. Pens were
arranged in two rows, and treatment groups
were assigned to dternating pens to reduce
location effect. The amount of TMR fed was
based on the number of calves per pen and the
average weight per pen plus 14 |b (2 Ib/day
projected gain in 7 days). The amount fed was
adjusted weekly, and the calves were weighed
bimonthly. Treatment pens were paired based
on the average body weight per pen; a pen of
heifersrecelving Bovatec was paired with apen
of hefers with amilar average body weight
receiving Rumenan. Theamount of TMR fedto
each of the paired pens was based on the
average weight of hefers in the heaviest pen.
This procedure was used to ensure that
aufficient feed was available to achieve the
desired rate of gain. All diets were formulated
to provide sufficient energy to support 1.8 |bs of
gan/day and sufficient protein to support 2 1b of
gan/day in accordance with the valuesin Table
1 that dlightly exceed NRC (1989)
recommendations.

The ionophores were delivered as a top-
dressing a a rate of 100 mg/head/day for
heifers weighing gpproximately 250 to 400 |b
and 150 mg/head/day for heifersweighing >400
Ib. The adjusment in the amount of ionophore
fed was based on pen average weight. The
date of the adjusment was determined by
projecting the date when the hefers would
weigh 400 Ib based on the last weight and
projected daily gain. Table2 ligsthedaily feed
dlowance for heifersweighing 250 to 600 |b in
50 Ib body weight increments. The amount of
eachingredient fed islisted in pounds on an as-
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fed bass. The dry matter contributed by each
ingredient can be cdculated usng the following
dry matter vaues. dfdfahay (85% DM); corn
dlage (34.5% DM); concentrate (87.8% DM);
topdressing (88.4% DM). Theconcentrate mix
contained ground shelled corn; trace minerd
sdt; dicalcium phosphate; and vitamins A, D,
and E. Thetopdressing contained findy ground
corn with either Rumensn® or Bovatec®.

Results and Discussion

Theresponseof dairy heifersto Rumensn®
or Bovatec® is shown in Table 3. Average
daly gain and feed efficiency was greater
(P<0.01) for heifers receiving Rumensin® than
for those fed Bovatec®. Heifersfed Rumensn
consumed more (P<0.05) totd feed dry matter
per day but dightly less (P=0.06) dry matter as
a percentage of body weight than hefers fed
Bovatec®. The diets were formulated to
provide sufficient energy to support 1.8 Ib of
dally gain and sufficient protein to support 2 b
of daly gain. The reason for this formulation
was to test the ability of the ionophores to
improve energy efficiency through their effects
on rumen fermentation. Additiona protein was
included to ensure that it was not limiting. Both
treatmentsresulted in average daily gainsabove
1.8 Ib, supporting the theory that they improved
energy efficiency. The use of a control group
(no ionophore) would haveimproved our ability
to interpret these results. A criticism of
Rumenan® has been that it depresses feed
intake. Rdative to Bovatec-fed hefers this
effect was not noted because the heifers were
limit fed to achieve a desired rate of gain.

The primary god of a hefer-feeding
program is to obtain a desirable rate of gan
without fattening at the least possible cost.
Rumenan® improved (P<0.01) feed efficiency
relaive to Bovatec® and, thus, supported the
desired growth rate at the least
cost. No differences were noted between
treatments in body condition and increase in
stature, asreflected by hip height measurements.



Table1l. CrudeProtein and Net Energy Requirements of Dairy Heifersfor Projected Gainsof 1.8 or 2.0 Lb/Day

Live Body Weight, b

250 300 350 400 450 500 550 600
Item 18 20 18 20 18 20 18 20 18 20 18 20 18 20 18 20
Crude protein, Ib 119 126 132 140 146 153 155 162 163 171 172 179 185 193 194 202
Neg, Mcal/day 177 200 203 229 228 257 252 284 276 310 298 336 321 361 342 385
Nem, Mcal/day 314 314 360 360 404 404 447 447 488 488 529 529 568 568 6.06 6.06

Table2. Daily Feed Allowancesfor Growing Heifers

Live Body Weight, Ib

Ingredient 250 300 350 400 450 500 550 600
Alfdfahay 3.8 4.0 4.5 5.0 5.0 6.0 6.0 8.0
Cornslage 8.0 10.0 12.0 12.0 12.0 150 15.0 17.0
Concentrate 18 1.8 1.9 21 3.0 31 3.3 2.5

Topdressing 1.0 1.0 1.0 15 15 15 15 15




Table 3. Response of Dairy Heifersto Rumensin® or Bovatec®

ltem Rumensn Bovatec SE P-Vdue
Initid wt, Ib 287.40 285.70 0.17 P<0.01
Endwt, Ib 525.00 508.00 2.81 P<0.01
ADG, Ib 2.10 1.97 0.02 P<0.01
Feed efficiency, gain/feed 0.21 0.199 0.002 P<0.01
Dry matter intske - --------------- - Ib/day - ---------------
0- 28 days 8.25 8.22 0.02 P=0.24
28 - 56 days 9.76 9.67 0.07 P=0.36
56 - 84 days 10.80 10.66 0.05 P=0.09
84 - 112 days 11.47 11.27 0.06 P=0.03
0- 112 days 10.07 9.95 0.035 P=0.04
----------------- % of body wt---------------
Dry matter intake 2.48 251 0.0087 P=.06
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BIOLOGICAL VARIABILITY AND CHANCES OF ERROR

Variability anong individud animasin an experiment leads to problems in interpreting the
results. Although the cattle on treatment X may have produced more milk than those on
treetment Y, variability within trestments may indicate that the differences in production between
X and 'Y were not the result of the treetment done. Statidticdl analyss dlows usto cdculaethe
probability that such differences are from treatment rather than from chance.

In some of the articles herein, you will see the notation "P<.05". That meansthe
probability of the differences resulting from chanceislessthan 5%. If two averages are said to
be "sgnificantly different”, the probability isless than 5% that the difference is from chance or the
probability exceeds 95% that the difference resulted from the trestment applied.

Some papers report correlations or measures of the relationship between traits. The
relationship may be positive (both traits tend to get larger or smaller together) or negetive (as one
trait gets larger, the other gets smdler). A perfect correaionisone (+1 or -1). If thereisno
relationship, the correlaion is zero.

In other papers, you may see an averagegivenas2.5+ .1. The25istheaverage; .1is
the "standard error”. The standard error is caculated to be 68% certain that the red average
(with unlimited number of animas) would fal within one sandard error from the average, in this
case between 2.4 and 2.6.

Using many animass per treetment, replicating treatments severd times, and using uniform
animas increase the probability of finding red differences when they exist. Statistical andlys's
dlows more vaid interpretation of the results, regardless of the number of animas. Indl the
research reported herein, gatistical analyses are included to increase the confidence you can
placein the results.

Contents of this publication may befredly reproduced for educational purposes. All
other rights reserved. In each case, give credit to the author(s), name of work,
Kansas State Univer sity, and the date the work was published.
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