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Physiological Effects of Heat Stress on Production and Reproduction

Joe W. West!
Animal and Dairy Science Department
University of Georgia

Abstract

Heat stress has a significant impact on
dairy cattle in the United States for a period of
weeks to months each summer, depending on
location. Severa environmental factors contrib-
ute to heat stress, including elevated ambient
temperature, radiant energy (direct and reflected
sunlight), and high relative humidity, which
compromise the ability of the cow to dissipate
body heat. In addition, factors within the cow
including level of production, feed intake, and
activity contributeto heat productionin the cow.
When the cow is unable to dissipate sufficient
heat to maintain thermal balance, her body tem-
perature rises and heat stress occurs. The most
noticeable responseto heat stressisreduced milk
yield, becausethisismeasurablein both themilk
tank and the milk check. Many other changes
occur, including reduced feed intake, impaired
reproductive performance, and often body
weight loss. There are many housing, manage-
ment, and nutritional modifications which one
can implement to address the challenges asso-
ciated with heat stress. Housing with cooling,
minimizing exposure to the sun, and diet refor-
mul ation can be used to enhance milk yield and
reduce intakelosses. Cooling can aso enhance
reproductive performance of cows. An under-
standing of the effects of heat stress is neces-
sary in developing an effective and economically
viable system to manage cows during hot
wesather.

I ntroduction

Summer bringsthe need for management
changesfor dairy cows exposed to hot weather.
Heat stress (HS) depresses feed intake, reduces
milk yield, increases body weight loss, and im-
pairsreproduction. Becausefeed intake declines
sharply during hot weather, it is not unusual to
lose 8 to 10 Ib/day of milk per cow during sum-
mer. The effects of HS are costly to the dairy
farmer, but there are opportunities to recover
some of the losses to hot weather. Thereis no
single magic bullet to prevent HS, but there are
anumber of management changeswhich can be
used. This paper will address sometoolsto use
during hot, humid weather.

How Does Hot Weather Affect the Cow?

The normal temperature of adairy cow
is 101.5°F. When temperatures exceed about
77°F or when the temperature-humidity index
exceeds 72°F, cows show signsof HS. Indica
tors that cows are suffering the effects of hot
weather include:

Increased body temperature >102.6°F
Panting >80 breaths/minute

Reduced activity

Reduced feed intake (>10 to 15%)
Reduced milk yield (10 to 20%, or more!!)

* & 6 O o

The HS can occur chronicaly over an
entire summer, such asin the deep south or west-

!Contact at: PO. Box 748, Coastal Plain Experiment Station, Tifton, GA 31793, (229) 386-3216, FAX (229) 386-3219,

Email: jwest@tifton.cpes.peachnet.edu
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ern states, or intense bursts of HS may occur for
shorter periods in mid-western regions. These
conditions are particularly harsh for lactating
dairy cowsbecauseintense bursts of hot weather
can be devastating if cows are not adapted to
high temperatures. The cow has severa mecha-
nismsto help dissipate body heat. Theseinclude:

1) Conduction, where the cow conducts
heat to a cooler surface.

2) Convection, where thermal currents
leave the cow’s body.

3) Radiation, where the cow radiates heat
to a cooler environment, such asthe
cool night sky.

4) Evaporation, where moisture is evapo-
rated from the surface of her body
(sweating) and from her lungs

(panting).

Conduction, convection, and radiation
depend on alarge difference between the cow’s
body temperature and environmental tempera-
tures. These mechanisms can be exploited to
cool the cow, mechanically or passively. Evapo-
ration works best at low humidity. When the
environmental temperature nearsthe cow’ sbody
temperature, coupled with high relative humid-
ity, all the cow’s cooling mechanisms are im-
paired. Consequently, the cow’s body tempera-
ture rises and the cow exhibits physiologic re-
sponses to hot weather. The cow also reduces
feed intaketo produce less metabolic heat which
IS a protective mechanism.

Thereareseverd factorswhichinfluence
how severe HSisfor the cow. Theseinclude:

Environmental conditions

Level of production and feed consumed
Stage of lactation

Cooling management

Exercise requirements

Breed (?) and color

L JBE ZBR JER JER 2 2

All these factors influence heat produc-
tion, how effectively the cow dissipates heat, and
the degree of stress to which the cow is sub-
jected.

Heat Stress Effects on Reproduction

In addition to the effects on intake and
milk yield, heat stress seriously impacts repro-
duction. In one Florida study, conception rate
(CR) dropped from about 52% during cool
months to 30% for the months of June through
September (Badinga et al., 1985), and in prac-
tice, CR often declines to less than 10% during
summer. Reduced CR was associated with
increasing environmental temperature, but tem-
perature had much less effect on CR in heifers
than in cows. Cows are larger, have more diffi-
culty dissipating heat, and when lactating, con-
sume more feed and produce more heat at the
timethey arebeing bred. Mature cowsare more
susceptibleto HSthan heifers, resulting in poorer
reproductive performance for cows. Heat
stressed cows are less likely to exhibit standing
heat and often show heat at night when they are
lesslikely to be observed. In addition, duration
of estrus is shorter for cows subjected to HS
(Wolfe and Monty, 1974), shortening the time
when cows may be observed in heat.

There are several reasons for impaired
reproductive performance during hot weather.
Higher intrauterine temperature likely reduces
embryo survival, and there is a relatively nar-
row time around insemination when elevated
uterine temperature has the greatest impact on
conception. InFloridaresearch, the uterinetem-
perature on the day of insemination and the day
following insemination had the greatest effect
onfertility (Gwazdauskaset al., 1973; Thatcher,
1974). Embryosat day 1 of pregnancy are more
susceptible to maternal heat stress than at days
3to 7. Knowing this, one may cool the cow
intensively for a short period around breeding
and improve CR. Evenif the embryo survives,
its development may be inhibited by elevated

R
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uterine temperature. Early embryonic deaths
were partly responsible for a decrease in CR
from 44.4 to 25.3% as the environmental tem-
peratureincreased from 83.1 to 98.1°F (Roman-
Ponceet al., 1977). One reason for the greater
uterine temperature isthe higher body tempera-
ture and reduced uterine blood flow to remove
heat because more blood is shifted to the skinto
help dissipate body heat. In pregnant ewes, uter-
ine blood flow wasreduced 20 to 30% for each
1.8°F increase in core temperature (Dreiling et
al., 1991).

Even with successful conception, HS
has negative effects on thefetus, pregnancy, and
subsequent lactation. Cows shaded during the
dry period gave birth to larger calves and had
greater 100- and 305-day milk yieldsthan cows
that were unshaded during thedry period (Collier
etal., 1982). Reduced fetussizewas correlated
with reduced placentasizein sheep, and placenta
weight was reduced 54% by heat exposure of
ewes (Bell et a., 1989). They theorized that a
smaller fetusresulted from placentasize, which
may be due to hormonal changes brought on by
HS. Thus, there are several waysin which heat
stressimpactsreproductionin thelactating dairy
COW.

Modify the Cow’s Environment

Thereisno doubt that shading is one of
the most important and one of the cheapest ways
to modify the cow’s environment during hot
weather. One can use trees, shade cloth, por-
table shades, permanent shade structures, or
freestall barns. Floridaresearch (Collier et al.,
1982) showed over 10% gainin milk yield sim-
ply by shading cows. Cows shaded during the
dry period had calves which weighed more at
birth and milk yield increased aimost 1800 Ib
(13.6%) in a305-day lactation. Lactating cows
must be provided shade to protect them from
the heat of the sun. Smaller herds may use por-
table shades. Same consideration for shade use
include:

Portable Shades:

¢ Portable shades minimize mudholes

¢ A minimum 80% shade cloth should be
used

Allow 16.5 m? (54.5 ft?) per cow
Minimum about 12 to 13 ft high

Orient shade structures north to south (for
drying effects of sun)

* o o

Permanent Shade Sructures:

¢+ Eaveheight at minimum of 13 ft, 15to 17
ft preferred

¢ Adequate ridge vent: 30 inchesfor a100
ft barn

¢ Slope: 4 inches on 12 inches preferred
(4/12 pitch)

¢ Open ridge vent, others possible

Barns should be well ventilated. Barns
with enclosed wallsarevery hotin summer. Side
curtains can be opened in summer and coupled
with an open ridge will greatly enhance passive
ventilation.

Unfortunately, shadealoneisusually not
adequate. Additional coolingintheform of fans
and sprinklersor evaporative cooling foggersare
usually needed. Severa different options are
available. However, if you are going to put wa-
ter on the cows, air movement by fansis a ne-
cessity. Sprinklers should soak the cow’s back
but not the udder. Fans should move enough air
to evaporatethewater. Water application should
last from 0.5 to 3 minutes to apply 0.05 inches
of water per cycle. Fansshould run 12 to 14.5
minutes when using a 15 minute cycle, but can
run continuously. Fans should be placed at a
maximum of 10 fan diameters apart. Thus, 36
in. fans can be placed at a maximum 30 ft spac-
ing, although some fan installations are being
placed at 20 ft intervals. Direct drive, sealed
motor fans reduce maintenance and are effec-
tive. Note that fans and sprinklers are usually
placed near the feed bunk. The coolest placein

April 16 & 17, 2002
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the barn should be near the feed bunk to encour-
age eating. Fans, but not sprinklers, may be
placed over free stalls.

Supplemental cooling will improve cow
performance during hot weather. In research
donein Florida, Kentucky, Missouri, and Israel,
cooling using fansand sprinklersimproved DM
intake by 7 to 9%, milk yield by 8.6 to 15.8%
(4.4 to 7.9 Ib/day), reduced rectal temperature
by 0.8 to 1.0°F and reduced respiration rate by
17.6t040.6% (16 to 39 breathg/minute) [Bucklin
et a., 1991].

Misters should be avoided because
misted water may form aninsulating layer which
traps heat in the body and does not cool. How-
ever, high pressurefogger/fan systemsareavail-
able which spray afog at high pressure into the
fan stream. Thiscoolsthe air, does not wet the
cow, and can cut water use as well as water go-
ing into the lagoon. This system can be used
over free stalls because it does not wet the bed-
ding. Fans should run 24 hours a day during
hot weather, but foggers should run during the
day when humidity islower. Foggersshould be
turned on when temperature exceeds 78°F.
Foggers require 5 micron filters to maintain
water quality so that nozzles do not clog and
have a significant maintenance requirement.
When foggers are used, barns must have high
eaves and ridge vents to remove high humidity
air.

When to Use Cooling?

Lock up 10 cows on a hot day to mea-
suretemperature and count respiration rates. Use
cooling if (Bray and Bucklin, 1996):

¢ Rectal temperatures exceed 102.5°F

¢ Regspiration rates exceed 80 breaths/minute

¢ If dry matter intake and milk yield drop by
10% in hot weather

Impact of Cooling on Reproduction

Cooling should improve reproductive
performance if body temperature can be low-
ered. Cowscooled by sprinkling for 30 seconds
and using fans for 4.5 minutes for half hour in-
tervals nine times per day had lower body tem-
perature (0.9 to 1.6°F) and greater milk yield
(5.7 Ib/day)[Her et al., 1988]. Cows showing
standing estrus improved from 45% of the
noncooled cows to 70% of the cooled cows.
Cowswith silent or no ovulation comprised 33%
of cowsnot cooled but only 12% of cooled cows.
Conception rate did not improve with cooling,
possibly because cows were cooled during a
limited portion of the day. In Arizona, cows
under evaporative cooling had a shorter calving
interval and fewer days open (374 and 98 days
respectively) than cows under shade only or
foggers (391 and 114 days respectively)[Ray et
al., 1992]. Inaridclimates, evaporative cooling
may be superior to fansand sprinklers. In Saudi
Arabia, cowsunder evaporative cooling had bet-
ter pregnancy rates (34.5%) than thosewith fans
and sprinklers(23.8%)[Ryanetd., 1992]. There
was no comparison with cows that were not
cooled, although one would speculate that their
performance would be substantially less.

Asmentioned earlier, heat stressed cows
had smaller calves and produced less milk.
When cows were cooled with fans and sprin-
klers during the dry period, they averaged 7.7
Ib/day more milk than shade only cows for the
first 150 days postpartum and delivered calves
that were 5.9 |b heavier (Wolfenson et a., 1988).
Managing the dry cow, and especially the tran-
sition cow, to minimize heat stresswill result in
improved comfort, improved hormonal statusas
it relates to the pregnancy, and will encourage
moreintake prior to calving when intake is nor-
mally depressed. Stressreductioninthedry and
transition cow is the next area of progress for
dairy producersin areas where significant heat
stress occurs.

7*,% Tri-State Dairy Nutrition Conference
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Don’t Make CowsWalk Long Distancesin
the Heat

Didyou know that exercisetakes energy
and creates heat? Cowswalked about 0.5 miles
prior to the afternoon milking had body tempera-
tureswell above normal. It took Holstein cows
until the morning to recover to a normal body
temperature following the exertion from walk-
ing. Avoid moving cows long distances during
the heat of the day. If possible, graze cows at
night.

Givethe Cow Plenty of Water

Cows need an abundance of clean, cool
water. In fact, one scientist was quoted as say-
ing that if you wouldn’'t drink the water, you
shouldn’t expect your cowsto drink it. Water is
closely linked to performance, and cows con-
sume 2 to 4 |b of water for each pound of feed
intake and an additional 3 to 5 |b of water for
each pound of milk produced. Astheenviron-
mental temperature increased from 40 to 80°F,
the water consumption of dry cows increased
from 6 to 8.1 gal/day, for 40 Ib/day milk pro-
ducers from 15.8 to 16.4 gal/day, and for 80 Ib/
day milk producersfrom 26 to 45 gal/day. Itis
obvious that a large quantity of water must be
available at all times.

Use Good Nutrition

Dry matter intake (DM1) is the key to
good performance. Energy intake is directly
related to DMI and practical approaches to
greater DMI through feeding management
changesinclude: 1) more frequent feeding, im-
proved forage quality, use of palatablefeeds, and
good nutrient balance, and 2) greater nutrient
(including energy) density.

Reformul ate Rations

Feed intake declineswith hot conditions
and rations must be reformulated in an attempt

to deliver an adequate quantity of nutrients.
Determine what DMI is and reformulate the
ration to increase nutrient density to support milk
yield.

Protein

Inadequate dietary protein hasanimme-
diateimpact on milk yield. Older Louisianaheat
stresswork (Hassan and Roussel, 1975) showed
that crude protein (CP) at 14.3% (adequate) or
20.8% (high) improved milk yield by 6% at the
higher CPlevel. However, excess protein takes
energy to process and excrete. In one study
where 19 and 23% CP diets were fed (Danfaer
etal., 1980), milk yield wasreduced by over 3.1
Ib/day ssimply by feeding the high protein diet.
In addition, excessive CP may impair reproduc-
tive performance. Cowswerefed ryegrass pas-
ture supplemented with corn silage, soybean
meal, and arumen undegradable protein (RUP)
source so that diets contained moderate (about
17.5%) or high (23.1%) CP and the moderate
CPdiet plushighRUP (McCormick et al., 1999).
Cows fed excess CP had lower first breeding
pregnancy rates (24.1 versus 41.0%) and lower
overal pregnancy rates (53.5 versus 75.4%) than
cows on the moderate CP diet. Reproductive
performance was similar between the moderate
CP diet and the high RUP diet. Excessive CP
resulted in high blood urea and ammonia con-
centrations, which reduced CR. Very high CP
diets can impair the reproductive performance
of the cow, so the practice of feeding high CP
dietsduring hot weather to compensate for lower
intake should be pursued with caution.

Results from Arizona research (Huber
et a., 1994) suggest to keep rumen degradable
protein below 61% of CP, and not to exceed
NRC (1989) recommendations by 100 g/day of
N (equivaent to about 3% CPinthediet). Pro-
tein quality was a very important factor, espe-
cialy lysine. There is much yet to be learned
about protein nutrition for heat-stressed cows,
and theresearch continues. Programsare avail-
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abletoday (CPM Dairy) which help to optimize
dietary protein feeding.

Energy

The most limiting nutrient for dairy
cowsisusualy energy. A common approach to
increase energy density during hot weather isto
reduceforage concentration intheration andin-
crease concentrates. Thelogic isthat less fiber
(less bulk) will encourage intake, while more
concentrates increase the energy density of the
diet. However, excessively high concentrate
feeding (high non-structural carbohydrates
[NSC]) should be avoided in dairy diets. The
optimum NSC concentration appears to be in
the range of 33 to 38% of dietary DM. When
dietary NSC istoo high, milk yield actually de-
clines, despite high dietary energy density. The
reason iswhat we often see on many farms: ex-
cessive grain feeding causes acidosis, forcing
cows off feed and causing digestive upsets.
Some general feeding recommendationsfollow.

Grain and Fiber Recommendations:

¢ Do not exceed 55 to 60% concentrate in
rations

¢ Non-structura carbohydrates should be in
the range of 35 to 40% of dietary DM

+ Neutral detergent fiber in therange of 28 to
34% of dietary DM

¢ Maintain adequate forage particle size!

Another way to boost energy and main-
tain acceptable dietary fiber levelsisto add fat
tothediet. Fat contains 2.25 times as much en-
ergy asthe same quantity of carbohydrate, does
not add to rumen acidity, andisparticularly valu-
able as an energy supplement when DMI islim-
ited, asit isduring hot weather. Fat sourcesin-
clude oilseeds (cottonseed, and soybeans), tal-
low, animal-vegetablefat blends, and rumen pro-
tected fats. Fatsare used moreefficiently by the
cow, and improved efficiency means|ower heat
production, making fats particularly valuable

during hot weather. However, just like other
feeds, too much fat is not a good thing.
Excessivefat can cause digestive upsets, off-feed
conditions, and reduce fiber digestion.

Feeding Fats:

¢ Feed 5 to 7% dietary fat maximum (DM
maximum)

¢ Avoid excessive vegetable oils

¢ Feed cottonseed at 12 to 15% of the diet

¢ Boost dietary fiber with high fat levels

Fiber Feeding:

Feeding high fiber diets during hot
weather can limit DMI, result in a greater heat
of digestion, andincrease heat productioninthe
cow. Proper forage and fiber feeding during hot
weather isone of the greater challengesto proper
nutrition. As mentioned earlier, low fiber diets
are often fed to encourage greater intake. In
addition, cowswill often select their rationsand
eat lessforagerelativeto concentrates. Thisre-
sults in an unbalanced ration which can cause
acidosis.

Rations should contain aminimum 19%
ADF, 280 34% NDF, and 75% of NDF should
come from forage. The Penn State particlesize
recommendationsfor total mixed rations(TMR)
are 6 to 10% or more of particles> 0.75", 30 to
50% inthe0.31t0 0.75in. range, and 40 to 60%
<0.3lin.long. The greater the overall particle
length, the less total forage required in the diet
as long as it is consumed and not sorted from
the ration. Genera forage feeding guidelines
include: if fed separately, feed more forage at
night, graze during cooler evening hours, keep
silage and green chop fresh, clean feed bunks
daily, feed TMR to minimize selection, and use
high quality foragesin summer.
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Minerals:

Mineral needs for cattle change during
hot weather. Cows sweat just like other mam-
mals, but unlike humans who sweat more so-
dium, cow’s sweat contains a large amount of
potassium. Consequently, potassium require-
ments go up during summer. In addition, cows
need more sodium and dietary magnesium needs
to be boosted because of competition with po-
tassium for absorption. General mineral recom-
mendations for HS include:

¢ Potassium: 1.4 to 1.6% of DM
¢ Sodium: 0.35to 0.45% of DM
¢ Magnesium: 0.35% of DM

Ration mineral content should be ad-
justed before the onset of summer so that the
minerals are present when needed. Because it
appears that high chloride content in the ration
should be avoided, potassium supplementation
with chloride saltsis not recommended. Some
research indicates that the use of buffers con-
taining potassium and sodium are preferable to
thechloridesalts. Also, adjust trace mineral and
vitamin supplementation for reduced intake to
insure adequate consumption.

Additives:

Thereare several feed additivesthat may
be beneficia during hot weather. Buffers, such
as sodium bicarbonate, are especially useful in
low fiber diets, diets based on corn silage, when
cows can sel ect against forage consumption, and
particularly during hot weather. Fed at about
0.75% of dietary DM or 5 to 6 ounces/day per
cow, bicarbonate can help keep cows on feed
and maintain milk fat percentage.

Yeast cultures and fungal products help
to maintain a stable rumen environment. Some
have shown additional benefits during hot
weather. Better protein use, stable rumen pH,
and better fiber digestion are potential benefits

of these products. One should rely on docu-
mented results and not testimonials when con-
sidering these products.

One should consider which cows will
benefit before using aproduct. Anexampleisa
field trial evaluating the B vitamin niacin dur-
ing summer in Pennsylvania. Six gramsof nia
cin were fed to lactating cows, and when com-
pared with controls, niacin fed cows gave only
2.0 Ib/day more milk. However, when cows
producing >75 Ib/day of milk at the start of the
study were compared, the higher producers
yielded 5.3 Ib/day more milk. The moral of the
story isthat an additive should be targeted at the
cows which are most likely to respond and not
be wasted on cowsthat won't give an economic
returntoitsuse. Anadditiveisonly goodifitis
needed!

Summary

¢ Useenvironmental modificationsto encour-
ageintake

¢ Cooling cows can improve reproductive
performance

¢ Reformulate dietsto deliver the quantity of
nutrients needed

¢ Increase energy density

¢ Avoid excessive fermentable carbohydrates

¢ Usehigh quality forage, maintain adequate
fiber

¢ Include adequate protein and use high qual-
ity protein

¢ Formulate for mineral needs during heat

stress

Provide plenty of water at humerous

locations with easy cow access

2

April 16 & 17, 2002

“7, Tri-State Dairy Nutrition Conference
il

[



References

Badinga, L., R.J. Collier, W.W. Thatcher, and
C.J. Wilcox. 1985. Effectsof climatic and man-
agement factorson conception rate of dairy cattle
insubtropical environment. J. Dairy Sci. 68:78-
85.

Bell, AW., B.W. McBride, R. Slepetis, R.J.
Early, and W.B. Currie. 1989. Chronic heat
stress and prenatal development in sheep: I.
Conceptus growth and maternal plasma hor-
mones and metabolites. J. Anim. Sci. 67:3289-
3299.

Bray, D.R., and R. Bucklin. 1996. Recommen-
dations for cooling systems for dairy cattle.
Univ. of Florida Fact Sheet DS-29, Gainesville,
FL.

Bucklin, R.A., L.W. Turner, D.K. Beede, D.R.
Bray, and R.W. Hemken. 1991. Methodsto re-
lieve heat stress for dairy cows in hot, humid
climates. Appl. Eng. Agric. 7:241-247.

Callier, R.J., S.G. Doelger, H.H. Head, W.W.
Thatcher, and C.J. Wilcox. 1982. Effects of
heat stress during pregnancy on maternal hor-
mone concentrations, calf birth weight and post-
partum milk yield of Holstein cows. J. Anim.
Sci. 54:309-319.

Danfaer, A., 1. Thysen, and V. Ostergaard. 1980.
The effect of level of dietary protein on milk
production. 1. Milk yield, live weight gain and
health. Res. Report No. 492. Copenhagen:
Beretning fra Statens Husdyrbrugs forsog.

Dreiling, C.E., ES. Carman, I11, and D.E. Brown.
1991. Maternal endocrine and fetal metabolic
responses to heat stress. J. Dairy Sci. 74:312-
327.

Gwazdauskas, F.C., W.W. Thatcher, and C.J.
Wilcox. 1973. Physiological, environmental,
and hormonal factors at insemination which may
affect conception. J. Dairy Sci. 56:873-877.

Hassan, A., and J.D. Roussel. 1975. Effect of
protein concentration in the diet on blood com-
position and productivity of lactating Holstein
cowsunder thermal stress. J. Acric. Sci. (Camb.)
85:409-415.

Her, E., D. Wolfenson, |I. Flamenbaum, Y.
Folman, M. Kaim, and A. Berman. 1988. Ther-
mal, productive, and reproductive responses of
high yielding cows exposed to short-term cool -
ing in summer. J. Dairy Sci. 71:1085-1092.

Huber, J.T., G Higginbotham, R.A. Gomez-
Alarcon, R.B. Taylor, K.H. Chen, S.C. Chan, and
Z.Wu. 1994. Heat stressinteractionswith pro-
tein, supplemental fat, and fungal cultures. J.
Dairy Sci. 77:2080-2090.

McCormick, M.E., D.D. French, T.F. Brown,
G.J. Cuomo, A.M. Chapa, J.M. Fernandez, J.F.
Beatty, and D.C. Blount. 1999. Crude protein
and rumen undegradable protein effects on re-
production and lactation performance of Hol-
stein cows. J. Dairy Sci. 82:2697-2708.

National Research Council. 1989. Nutrient re-
guirements of dairy cattle. 6th rev. ed. Natl.
Acad. Sci., Washington, DC.

Ray, D.E., A.H. Jassim, D.V. Armstrong, F.
Wiersma, and J.D. Schuh. 1992. Influence of
season and microclimate on fertility of dairy
cows in a hot-arid environment. Int. J.
Biometeorol. 36:141-145.

Roman-Ponce, H., W.W. Thatcher, D.E.
Buffington, C.L. Wilcox, and H.H. Van Horn.
1977. Physiological and production responses
of dairy cattle to ashade structure in a subtropi-
cal environment. J. Dairy Sci. 60:424-430.

S
([ &

"

Tri-State Dairy Nutrition Conference

[

April 16 & 17, 2002



Ryan, D.P.,, M.P. Boland, E. Kopel, D.
Armstrong, L. Munyakazi, R.A. Godke, and
R.H. Ingraham. 1992. Evaluating two different
evaporative cooling management systems for
dairy cows in a hot, dry climate. J. Dairy Sci.
75:1052-1059.

Thatcher, WW. 1974. Effects of season, cli-
mate, and temperature on reproduction and lac-
tation. J. Dairy Sci. 57:360-368.

Wolfe, L.K., and D.E. Monty, Jr. 1974. Physi-
ologic response to intense summer heat and its
effect on the estrous cycle of nonlactating and
lactating Holstein-Friesian cows in Arizona
Am. J. Vet. Res. 35:87-192.

Wolfenson, D., |. Flamenbaum, and A. Berman.
1988. Dry period heat stress relief effects on
prepartum progesterone, calf birth weight, and
milk production. J. Dairy Sci. 71:809-818.

April 16 & 17, 2002

B
Loy
i

[

Tri-State Dairy Nutrition Conference



10

R
([ &

"
K</]
[

Tri-State Dairy Nutrition Conference

April 16 & 17, 2002



11

Effects of Facilities on Dairy Cattle Performance

J.F. Smith*>M.J. Brouk®, and J.P. Harner I11™
“Department of Animal Sciences and Industry
“"Department of Biological and Agricultural Engineering
Kansas Sate University

Abstract

Dairy facilities can have adramatic im-
pact on milk production and cow health. All
componentsof thedairy must be sized correctly
to create an environment that isideal for thedairy
cow and the employees who will operate the
facility. Milking facilities should be constructed
to minimize heat stress and the time cows are
away from feed and water. Minimizing travel
distances to the milking parlor are essential. A
number of critical decisions have to be made
concerning cow housing and grouping strategies.
Thegoal should beto have the number of groups
needed to implement the management and feed-
ing strategies the producer wishes to use.
Often, bottlenecks are built into adairy facility
that prevents use of some feeding and manage-
ment techniques. Dairy facilities should be de-
signed to maximize dry matter intake and mini-
mize heat stress. Providing cow cooling in the
holding pen and cow housing areasis essential.

I ntroduction

Dairy facilities can have adramatic im-
pact on milk production and cow health. Over
theyears, field observationsand resultsfrom re-
search trials have been used to improve dairy
facilities. Inthe United States, producerstry to
minimizefacility cost whiletrying to maximize
milk production per cow, reproductive effi-
ciency, and cow health. Producers often useem-
ployeesto operate their milking parlorsas many

hours as possible, reducing their fixed cost per
cow. Under these conditions, producershaveto
be extremely careful where they invest dollars
into dairy facilities. This paper will discuss
some of the issues faced by dairy producers.

Milking Parlors, Holding Pens, and
Exit Lanes

Reducing stress on cows in the milking
facility isvery important. Thesefacilitiesshould
be constructed to minimize the time that cows
are away from feed and water. Travel timeto
and from the parlor can be reduced by correctly
sizing travel and parlor exit lanes. Currently,
herringbone, paralel, and rotary parlors are the
three predominant types of parlors constructed.
Expanding rotary parlors is difficult. The op-
erator pit can be constructed in parallel and her-
ringbone parlorsto allow additiona stallsto be
added as the dairy expands.

Typically, milking parlors are sized so
that cows can be milked once in 10 hours when
milking 2x per day; 6.5 hours when milking 3x
per day; and 5 hours when milking 4x per day.
Using these criteria, the milking parlor will be
sized to accommodeate the cleaning and mainte-
nance of the parlor. Thefacilitiesor cow groups
are determined based on milking one group in
60 minutes when milking 2x, 40 minutes when
milking 3x, and 30 minutes when milking 4x.
Sizing groupsof cowsto bemilked inthesetime
frames will minimize the time cows are away
from feed and water.

!Contact at: 135 Call Hall, Manhattan, KS 66506-1600, (785) 532-1203, FAX (785) 532-5681,

Email: jfsmith@oznet.ksu.edu.
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The drip pen and wash pen are the most
challenging environmentsthat adairy cow faces.
Drip pen and wash pen cooling should be used
to minimize heat stress in this area. Drip pens
and wash pens are designed based on 15 ft? per
cow, with agroup size not greater than 200 cows.
If the group size is greater than 200 cows, the
area per cow should be increased to 16 to 17 ft2
per cow. ldeally, both the wash pen and thedrip
pen should be sized to hold one group of cows.
When a wash pen is not used, over sizing the
holding pen by 25% allows a second group to
be moved into the holding pen while the crowd
gateis pulled forward and thefirst group isfin-
ishing being milked (Smith et a., 1997).

Exit lanewidth isdependent on the num-
ber of stalls on one side of the milking parlor.
In parlors with 15 stalls or less per side, aclear
width of 3 ftisacceptable. For parlors contain-
ing morethan 15 stallsper side, aclear exit lane
width of 5to 6 ftisdesired (Smith et a., 1997).
The width of cow traffic lanes should be sized
according to group size. When group size is
less than 150 cows, 14 ft traffic lanes are typi-
cally used. Lanewidth isincreased to 16 ft for
group sizesfrom 150 to 250 cows, 20 ft for group
sizes from 251 to 400, and to 24 ft when group
sizeisgreater than 400 cows (Armstrong, 2001).

Selecting Cow Housing

The predominant types of cow housing
in the western United States are dry-lots and
freestalls. This decision is based on climate,
management style, and equity availablefor con-
structing dairy facilities. Typically, dry-lot
facilities can be constructed where the moisture
deficit (annual evaporation rate minus annua
precipitation rate) is greater than 20 inches
annually (Sweeten and Wolfe, 1993). However,
frequency and severity of winter rainfall and bliz-
zards are becoming important selection criteria.
These facilities would need to provide 500 to
700 ft2 per lactating cow depending on the evapo-
ration rate and 40 to 50 ft? of shade per cow.

Windbreaks are constructed in areaswhere win-
ter weather is severe. It isimportant to realize
that dry-lot housing does not allow managers
the luxury of managing the risk that Mother
Nature can present in the form of rain, snow,
and severewind-chill. The advantage of dry-lot
facilitiesisthelower capital investment per cow
as compared to freestall housing.

Freestall housing is usually selected to
minimize the effect of weather changes, to im-
prove cleanliness, and cow comfort. Providing
aclean dry bed isessential to minimizetheinci-
dence of mastitisin the herd. The disadvantage
of freestall housing is the cost of constructing
freestall housing and the costs associated with
maintai ning the beds and manure management.

Oneof thecritical decisionsthat produc-
ersmakeisthetype of freestall barn they build.
The most common types are either 4- or 6-row
barns and many times the cost per stall is used
to determine which barn should be built. Data
found in Table 1 represent the typical dimen-
sionsof the barns, and Table 2 demonstratesthe
effects of overcrowding upon per cow spacefor
feed and water. Grant (1998) suggested that feed
bunk space of less than 8 in./cow reduced in-
take and bunk space of 8 to 20 in./cow resulted
in mixed results. Even at a 100% stocking rate,
the 6-row barn only offers 18 in./cow of feed
line space. When over crowding occurs, thisis
significantly reduced. Four-row barns, even
when stocked at 140% of the stalls, still provide
more than 18 in./cow of bunk space. In addi-
tion, when water is only provided at the cross-
overs, water space per cow is reduced by 40%
in the 6-row barn as compared to 4-row barns.
Much of the current debate over the effect of 4-
and 6-row barns upon intakeislikely related to
presence or absence of management factors
which either reduce or increase the limitations
of access to feed and water in 6-row barns.

Recommendati ons concerning accessto
water vary greatly. Current recommendations
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suggest a range of 1.2 to 3.6 linear inches per
cow (Smith et a., 2000). In the Midwest, the
typical ruleisonewaterer or 2 linear ft of space
for every 10 to 20 cows. In the Southwest, the
recommendation is 3.6 linear inches of space
for every cow inthe pen. Typically, water ispro-
vided at each crossover in 4 and 6-row freestall
barns, and generally a4 and 6-row freestall have
the same number of crossovers. Thus, water ac-
cessina6-row barnisreduced by 37.5% ascom-
pared to a 4-row barn (Table 1). When over-
crowding is considered (Table 2), water access
is greatly reduced and the magnitude of reduc-
tion isgreater in 6-row barns. Milk is 87% wa-
ter and water intake is critical for peak DM
intake. When building 6-row barns or over-
crowding either 4-row or 6-row barns, it is
important to consider the amount of water space
available. In warmer climates, 3.6 linear inches
of waterer space per cow should be provided.

If construction costs are going to drive
the decision between a4- or 6-row freestall barn,
overcrowding must be considered. Typically, 4-
row barns are overcrowded 10 to 15% on the
basis of the number of freestallsin the pen. Due
to the limitations of bunk space, many timesthe
6-row barn is stocked at 100% of the number of
freestalls. Thus, comparing the two buildings
based on aper cow housed rather than aper stall
basis would be more accurate. This will make
the 4-row more cost comparable to the 6-row
and maintain greater accessto feed and water.

Grouping Strategies

The sizeand number of cow groupsona
dairy farm are critical planning factors. Factors
affecting the number and types of groups are
largely associated with maximizing cow com-
fort, feeding strategies, reproduction, and
increasing labor efficiency. Lactating cowsare
alotted to one of seven classifications:

1. Hedthy lactating heifers
2. Hedlthy lactating cows

13

3. Fresh cows and heifers with non-
sellable milk

Fresh cows with sellable milk

Fresh heifers with sellable milk

Sick cows with non-sellable milk
High risk sellable

No ok

Healthy lactating heifers and cows are
typically housed in 8to 10 groups. Thecowsin
classifications 3 to 7 aretypically housed in the
special needsareaa ong with close-up cowsand
heifers. Table 3 lists suggested pens and pen
sizesfor different classifications of dairy cattle
to be housed in the specia needsfacility.

Heifersrespond favorably when grouped
separately from older cows. Heifershavelower
DM intakes and greater growth requirements as
compared to older cattle. In addition, mixing
heifers with older cattle increases social
pressure, resulting inlessthan optimal heifer per-
formance.

Close-up dry cows and springing heif-
ersdiffer in nutritional requirements. Close-up
cows will have greater intakes and are much
more likely to develop milk fever than heifers.
Springing heifersmay al so benefit from alonger
transition period than normally allowed for
cows. Thus, heifers and dry cows should be
separated.

Close-up cows should be moved into a
close up pen 21 days prior to calving. The diet
in this pen typically has greater concentrations
of protein and energy as compared to the far off
dry cow diet. In addition, the diet should be
low in calcium and potassium or contain anionic
salts with appropriate amounts of calcium and
potassium to prevent milk fever. Milk fever is
generaly not a problem with heifers, but heif-
ers may benefit from receiving the typical tran-
stiondiet for 5 weeksrather than 3weeks. Thus,
feeding a diet with higher levels of protein and
energy without anionic salts for 5 weeks prior
to freshening would be beneficial for heifers.
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Just prior to calving, close-up cows and
heifers would be moved into a group pen
(maternity) with abedded pack wherethey would
calve. Following calving, cows and heifersare
typically co-mingled until the milk can be sold.
Cowsand heiferswould be segregated when they
move out of the fresh non-sellable pen into the
fresh pens. Cows and heifers would be housed
in the fresh pens for 14 days where rectal tem-
peratures, DM intakes, and general
appearance can be monitored on a daily basis.
Other pens for mature cows and heifers in the
special needs area would be a sick pen which
would be used to house cows which had been
treated with antibiotics and a high risk pen for
lame cows and slow milkerswho still produce a
lot of sellable milk but need some extra
attention.

It is important to realize that the group
sizes in the special needs area have been
increased to account for fluctuationsin calvings
and cow and heifer numbers. If these pens are
sized for static or average numbers, there will
be a considerable amount of time where the
special needs facility would over stocked. Over
stocking cows prior to or after calving can have
adramatic impact on milk production and cow
health.

Freestall Surfaces

Sand is the bedding of choice in many
areas. It provides a comfortable cushion that
formsto the body of the animal. In addition, its
very low organic matter content reduces masti-
tisrisk. Sand is readily available and economi-
cal in many cases. Disadvantages may include
the cost of sand and/or the issues with handling
sand laden manure and separating the waste
stream. In arid climates, manure solids are
composted and utilized for bedding. Producers
choosing not to deal with sand or composted
manure bedding, often choose from avariety of
commercial freestall surface materials. Sonck et
a. (1999) observed that when given a choice,

cows prefer certain materials. Occupancy per-
centage ranged from over 50 to under 20%.
Researchers suggested that the increase in
occupancy rate was likely influenced by the
compressibility of the covering. Cows selected
freestall covers that compressed to a greater
degree over those with minima compressibil-
ity. Cows need a stall surface that conforms to
the contours of their body. Sand and materials
that compress will likely provide greater
comfort as demonstrated by cow preference.

Feed Barrier Design

The use of self-locking stanchions as a
feed barrier is currently a debated subject in the
dairy industry. Shipkaand Arave (1995) reported
that cows restrained in self-locking stanchions
for afour-hour period had similar milk produc-
tionand DM intake asthose not restrained. Arave
et al. (1996a) observed similar resultsin another
study; however, a second study showed similar
intake but 6.4 |b/cow/day decrease in milk
production when cowswererestrained daily for
afour hour period (9 AM to 1 PM) during the
summer. Increases in cortisol levels were also
noted during the summer but not in the spring
(Araveetal., 1996b), indicating increased stress
during the summer as compared to the spring.
Another report (Bolinger et al., 1997) found that
locking cattle for 4 hours during the spring
months did not affect milk production or feed
intake. All of these studies compared restrain-
ing cows for four hours to no restraint, and all
animals were housed in pens equipped with
headlocks. The studies did not compare a neck
rail barrier to self-locking stanchionsnor address
the effects of training upon headl ock acceptance.
The argument could be made that four hours of
continuous restraint timeis excessive and much
shorter times (one hour or less) should be
adequate for most procedures. These studies
clearly indicate that mismanagement of the self-
locking stanchions, not the stanchions, resulted
in decreased milk production in one of three
studies with no affect on intake in all studies.
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Another study (Batchelder, 2000)
compared lockupsto neck railsin a4-row barn
under normal and crowded (130% of stalls)
conditions. Results of the short-term study
showed a 3 to 5% decrease in DM intake when
headlocks were used. No differences in milk
production or body condition score were
observed. It was aso noted that overcrowding
reduced the percentage of cowseating after milk-
ing as compared to no overcrowding. In this
study, use of headlocks reduced feed intake but
did not affect milk production.

A study was conducted by Brouk et al.
(2001) in the summer of 2000 to determine the
effect of headlocks and neckrails on milk
production and DM intake. Thistrial was con-
ducted on acommercia dairy and included 216
lactating Holstein cows (55, 2 year olds and 53
mature cows per pen) previously exposed to
headlocks. Headlocks did not adversely affect
milk production or DM intake in this trial. In
summary, it does not appear that headlocks ad-
versely affect milk production if they are man-
aged correctly.

The correct feed barrier slope is also
important. Hansen and Pallesen (1998) reported
that sloping the feed barrier 20° away from the
cow increased feed availability becausethe cows
could reach 5.51 inches further than when the
barrier was not sloped. Pushing feed up more
frequently could achieve the same affect. One
disadvantage of sloping the feed barrier is that
feeding equipment is more likely to come in
contact with the barrier which may result in
significant damage to both.

The feeding surface should be smooth
to prevent damage to the cow’s tongue. When
eating, the side of the tongue, which is much
more easily injured, often contacts the manger
surface. The use of plastics, tile, coatings, etc.
will provide a smooth, durable surface, reduc-
ing the risk of tongue injury.

15

Cow Handling Systems

The current cow handling systems are
lock-ups, sort gates, palpation rails, chutes, and
combinations of the systems listed previously.
Sort gatesrequireelectronicidentification. They
work fairly well to sort groups of cowsfrom the
parlor that are to be moved, beefed, dried off,
etc. Managing reproduction as cows leave the
milking parlor using sort gatesis very difficult.
Often times, cows can not be processed fast
enough, putting employees and veterinariansin
a position where they have to watch the clock.
Inevitability, a second holding pen is created,
increasing thetimethat cowsare away fromfeed
and water. This also creates a situation where
cows can very easily end up in the wrong pen
after they are processed. Headlocks have been
used inthewestern United Statesfor many years.
Headlocks are a very efficient way to handle a
large number of cows; however, they canbemis-
managed. Producers should strive to reduce
lock-up timesto 1 to 1.5 hours per day. Lock-
ing cows up in the afternoon during summer
months should be avoided. Heifers should be
exposed to and trained to use lockups prior to
entering the close-up pen.

Enhancing Production Potential by
Controlling Environmental Temperature

Mature dairy cattle generally have a
thermal neutral zone of 41 to 68°F. This may
vary somewhat for individual cows and condi-
tions. Within thisrange, it isgenerally assumed
that impacts on intake are minimal. However,
temperatures below or above this range alter
intakes.

Effects of Heat Sress

Heat stressreducesintake, milk produc-
tion, health, and reproduction of dairy cows.
Spain et al. (1998) showed that lactating cows
under heat stress decreased intake 6 to 16% as
compared to cows under thermal neutral
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conditions. Holter et al. (1996) reported that heat
stress depressed intake of cows more than heif-
ers. Other studies have reported similar results.
In addition to areduction in feed intake, thereis
also a 30 to 50% reduction in the efficiency of
energy utilization for milk production
(McDowell et al., 1969). The cow environment
can be modified to reduce the effects of heat
stress by providing for adequate ventilation and
effective cow cooling measures.

\entilation

Maintaining adequate air quality can be
easily accomplished by taking advantage of
natural ventilation techniques. Armstrong et al.
(1999) reported that a 4/12 pitch roof with an
open ridge resulted in lower increases in
afternoon cow respiration rate as compared to
reduced roof pitch or covering the ridge. They
also observed that eave heights of 14 ft resulted
in lower increases in cow respiration rates as
compared to shorter eave heights. Designing
freestall barns that alow for maximum natural
airflow during the summer will reduce the
effects of heat stress. Open sidewalls, open roof
ridges, correct sidewall heights, and the absence
of buildings or natural features that reduce air-
flow increase natural airflow. During the winter
months, it is necessary to allow adequate venti-
lation to maintain air quality while providing
adequate protection from cold stress.

Another ventilation consideration isthe
width of the barn. Six-row barns are typically
wider that 4-row barns. This additional width
reduces natural ventilation. Chastain (2000) in-
dicated that summer ventilation rates were re-
duced 37% in 6-row barns as compared to 4-
row barns. In hot and humid climates, barn
choice may increase heat stress, resulting in
lower feed intake and milk production.

Cow Cooling

During periods of heat stress, it is nec-
essary to reduce cow stress by increasing air-
flow and installing sprinkler or soaker systems.
Thecritical areasto cool are the milking parlor,
holding pen, and housing areas. First, these ar-
eas should provide adequate shade. Barns built
with anorth-south orientation allow morning and
afternoon sun to enter the stalls and feeding ar-
eas and may not adequately protect the cows.
Second, astemperaturesincrease, cows depend
on evaporative cooling to maintain coretempera-
ture. The use of sprinkler/soaker and fan sys-
tems to effectively wet and dry the cows will
increase heat |oss from the cow. Last summer, a
study was conducted at Kansas State Univer-
sity to determine the effects of soak frequency
and airflow on respiration rates and skin tem-
perature of heat stressed dairy cattle. Sixteen
heat-stressed lactating cows (8 primiparous and
8 multiparous) werearranged in areplicated 8x8
Latin Square design. Cattle were housed in
freestall dairy barnsand milked 2x. During test-
ing, cattlewere moved to atie-stall barnfor a2-
hour period from either 1to 3pmor 3to 5 pm
on eight different daysin late August and early
September. Afternoon temperaturesranged be-
tween 88 and 96 °F. During the testing period,
respiration rates were determined every five
minutes by visual evaluation. Skintemperature
of three siteswas measured with aninfrared ther-
mometer and recorded every 5 minutes. Treat-
ments (Table 4) were 4 different soaking fre-
quencieswith and without supplemental airflow.
Soaking frequencies were control (no soaking),
every 5 minutes, every 10, or every 15 minutes.
Supplemental airflow was either none or 700
cfm. Each wetting cycle provided similar
amounts of water for all treatments. Initial data
were collected for threeinitial 5-minute periods
prior to the start of the treatments.

Cows soaked every 5 minutes with
supplemental airflow (5 + F) responded with the
fastest and largest drop in respiration rate,

R
([ &

"

Tri-State Dairy Nutrition Conference

[

April 16 & 17, 2002



reducing the initial respiration rate by 47% at
the end of 90 minutes of treatment (Figures 1
and 2). Soaking cows every 5 minutes without
airflow (5) resulted inasimilar response as soak-
ing cowsevery 10 minuteswith airflow (10+F).
Soaking cows every 15 minutes with airflow
(15+F) and soaking cowsevery 10 minuteswith-
out airflow (10) resulted in similar responses
until the last 30 minutes of the study. Supple-
mental airflow without soaking (0+F) resulted
inlittleimprovement over no soaking or airflow
(0). Wetting had a greater effect on respiration
ratethan airflow. However, the combination of
wetting and airflow had the greatest effect on
therespiration rate. When cooling heat stressed
dairy cattle, the most effective treatment in-
cluded continuous supplemental airflow and
wetting every 5 minutes.

These data suggest that different cool-
ing strategies could be developed for different
levels of heat stress. Under severe heat stress,
soaking every 5 minutes with fan cooling will
be the most effective. Under periods of moder-
ate stress, soaking every 10 minutes with fan
cooling may be adequate. Reducing soaking
frequency when temperatures are lower could
significantly reduce water usage. Data clearly
indicate that the combination of soaking and
supplemental fan cooling are superior to either
single treatment. If used singularly, soaking
cows would have more impact than the use of
fans only for cow cooling. These dataindicate
that about 1/3 of the total reduction in cow res-
piration rateswas dueto airflow and theremain-
der dueto soaking. Under periodsof severe heat
stress, soaking every 15 minuteswith airflow is
not adequate and soaking frequency must bein-
creased.

Cow cooling with soaking and supple-
mental airflow isvery effectivein reducing res-
piration rate. Many systems may be ineffective
because they do not deliver adequate water to
soak the cow and/or have an inadequate soak-
ing frequency.

17

Cow Cooling in the Holding Pen

The holding pen should be cooled with
fans and sprinkler systems, and an exit lane
sprinkler system may be beneficial in hot cli-
mates. Holding pen time should not exceed one
hour. Fans should move 1,000 cfm per cow. Most
30 and 36 inch fans will move between 10,000
and 12,000 cfm per fan. If one fan isinstalled
per 10 cows or 150 ft?, adequate ventilation will
be provided. If the holding penislessthan 24 ft
widewith 8to 10 ft sidewall openings, fans may
be installed on 6 to 8 ft centers along the
sidewalls. For holding penswider than 24 ft, fans
are mounted parallel to the cow flow. Fans are
spaced 6 to 8 ft apart and in rows spaced either
20to 30 ft apart (36 in fans) or 30 to 40 ft apart
(48 infan) (Harner et a., 2000). In addition to
thefans, asprinkling system should deliver 0.03
gal. of water per squarefoot of area. Cycletimes
aregenerally set at 2 minuteson and 12 minutes
off.

Cooling Cowsin 4-Row Freestall Barns

Fans should be mounted above the cows
on the feed line and above head-to-head
freestalls in a 4-row freestall barn. If 36 inch
fansare utilized, they should belocated no more
than 30 ft apart. If 48 inch fans are used, they
should be located no more than 40 ft apart and
operate when the temperature reaches 70°F.
Fans should be mounted out of the reach of the
cattle and in a manner that will not obstruct
equipment movement. Fans should create an
air flow of 800 to 900 cfm per stall or headl ock.
Feed line sprinklers should be utilized in addi-
tion to the fans. Feedline sprinkling systems
should wet the back of the cow and then shut
off to allow the water to evaporate prior to an-
other cyclebeginning. Applicationrate per cycle
should be 0.04 inches/ft?, and sprinklers should
operate when the temperature exceeds 75°F.
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Facility Bottlenecks to Cow Cooling

Often producersdo not plan to cool cows
whenthey are building new dairy facilities. This
creates serious problems in cooling cows. The
biggest bottleneck is water availability to soak
cows on the feedline in cow housing areas.
Another problemisthelack of provisionsto pro-
vide electricity for fans. It is much more eco-
nomical to put the electrical system necessary
for fanswhen the structures are built versusret-
rofitting thewiring at alater date. The majority
of thedairy farms being built today do not have
water or electrical systemsto meet the demands
of cow cooling.

Supplemental Lighting

Supplemental lighting has been shown
to increase milk production and feed intake in
several studies. Peters (1981) reported a6% in-
crease in milk production and feed intake when
cows were exposed to a 16L :8D photoperiod as
compared to natural photoperiodsduring thefall
and winter months. Median light intensitieswere
462 and 555 lux for supplemental and natural
photoperiods, respectively. Chastain et al. (1997)
reported a 5% increase in feed intake when
proper ventilation and lighting were provided,
and Miller et a. (1999) reported a 3.5% increase
without bST and 8.9% with bST when photo-
period was increased from arange of 9.5 to 14
hours to 18 hours. Increasing the photoperiod
to 16 to 18 hoursincreased feed intake. Dahl et
al. (1998) reported that 24 hours of supplemen-
tal lighting did not result in additional milk pro-
duction over 16 hours of light. Studies utilized
different light intensitiesin different areas of the
housing area. More research is needed to deter-
mine the correct light intensity to increase in-
take. In modernfreestall barns, theintensity var-
ies greatly based on the location within the pen.
Thus, additional research isneeded to determine
the intensity required for different locations
within pens.

Another issue with lighting in freestall
barnsismilking frequency. Herdsmilked 3x can
not provide 8 hoursof continuousdarkness. This
is especialy true in large freestall barns hous-
ing severa milking groups. In these situations,
the lights may remain on at all timesto provide
lighting for moving cattle to and from the milk-
ing parlor. The continuous darkness requirement
of lactating cows may be 6 hours (Dahl, 2000).
Thus, setting milking schedules to accommo-
date 6 hours of continuous darkness is recom-
mended. The use of low intensity red lights may
be necessary in large barns to allow movement
of animalswithout disruption of the dark period
of other groups.

Dry cows benefit from a different
photoperiod than | actating cows. Recent research
(Dahl, 2000) showed that dry cows exposed to
short days (8L:16D) produced more (P < 0.05)
milk in the next |actation than those exposed to
long days (16L:8D). Petitclerc et al. (1998) re-
ported a similar observation. Based on the re-
sults of these studies, dry cows should be ex-
posed to short days and then exposed to long
days post-calving.

Lot Condition

Mud can have asignificant negativeim-
pact upon DM intake. Fox and Tylutki (1998)
suggested that every inch of mud reduced DM
intake of dairy cattle 2.5%. Based on this as-
sumption, feed intake of cattle in 12 inches of
mud would be 30% | ess than those without mud.
Based on our current knowledge of the impact
of prepartum intakeincreases on subsequent lac-
tation performance, dry cows housed in muddy
conditionsmay beat greatest risk. However, sig-
nificant production losses may also occur inlac-
tating cattle housed under muddy conditions.

Impact of Facilitieson Reproduction

A dairy farm design that facilitates
grouping open cows together isideal, alowing
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nonpregnant cows to interact during estrus, in-
creasing the efficiency of heat detection (Helmer
and Britt, 1985). Inatrial conducted by Vailes
and Britt (1990), cows given a choice spent
73% of their time on dirt versus concrete and
mounting activity was 3 to 15 fold greater on
dirt versus concrete. Duration of estrus and
mounting activity is increased when cows are
housed on dirt versus concrete (Britt et a ., 1986;
Rodtainetal., 1998). If possible, producers may
want to allow open cows to have access to dirt
lots for the purpose of estrus detection.

Summary: Management Opportunitiesto
Improve Dairy Cattle Perfor mance

Dairy producers have many opportuni-
tiesto improve the performance of dairy cattle.
Two of those opportunities are summarized be-
low. The first would be the potential to reduce
the impact of heat stress. Producers can follow
the following list of priorities to reduce heat
stress:

=

Improve water availability.

Provide shadein the housing areasand

holding pen.

Reduce walking distance.

Reduce time in the holding pen.

Improve holding pen ventilation.

Add holding pen cooling and exit lane

cooling.

Improve ventilation in cow housing

areas (freestalls).

8. Cool close-up cows (3 weeks prior to
calving).

9. Cool fresh cows and early lactation
COWS.

10. Cool mid & late lactation cows

N
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The second opportunity istoincreasethe DM
intake by making it easy for cowsto eat. Listed
below are some ideas of how to increase DM
intake:

19

1. Avoidover stocking close-up cowsand
heifers.

2. Provide water and feed in the
maternity area.

3. Don't over stock fresh cows.

4. Minimize lockup times and avoid
afternoon restraint.

5. Train heifers to use lockups prior to
entering the close-up pen.

6. When possible, cows returning from

the parlor should walk past thefeedline.

Fresh feed should be availableall times

Push feed up as needed.

Provide a smooth eating service.

10. Minimize time away from feed and
water.

11. Provide adequatelight and dark hours.
12. Maintain hoof health (nutrition,
trimming, and concrete surfaces).

13. Provide adequate resting areas to
reduce the time that cows spend

standing.

© oo N
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Table 1. Average pen dimensions, stalls, cows and allotted space per animal .

Per Cow
Barn Pen Pen Stall Cows Area(ft?) Feedline Space Water Space
Syle Width (ft)  Length (ft) Per Pen Per Pen (linear in.) (linearin.)
4-Row 39 240 100 100 94 29 3.6
6-Row 47 240 160 160 71 18 2.25
2-Row 39 240 100 100 94 29 3.6
3-Row 47 240 160 160 71 18 2.25

'Adapted from Smith et a., 2000.

Table 2. Effect of stocking rate on space per cow for area, feed, and water in 4 and 6-row barns.

Stocking Feedline Space Water Space
Rate (%) Area(ft?/cow) (linear in/cow) (linear in/cow)
4-Row 6-Row 4-Row 6-Row 4-Row 6-Row

100 94.0 71.0 29 18 3.60 2.25
110 85.5 64.5 26 16 3.27 2.05
120 78.3 59.2 24 15 3.00 1.88
130 72.3 54.6 22 14 277 173
140 67.1 50.7 21 13 2.57 1.66

Table 3. Recommended groups and facilities for cows housed in the special needs area.

Average Time Percent of

Group in Facility (days) Lactating Herd Housing System
Close-up cows 21 6.0 Freestalls or loose housing
Close-up heifers 21 3.0 Freestalls or loose housing
Maternity cows 3 0.33 Loose housing
Maternity heifers 3 0.33 Loose housing
Maternity overflow 3 0.33 Loose housing
Fresh cows and heifers,

non-sellable milk 2 1.0 Freestalls or loose housing
Fresh cows 14 35 Freestalls
Fresh heifers 14 15 Freestalls
Mastitis and sick cows,

non-sellable milk N/A 2.0 Freestalls or loose housing
High risk sellable milk N/A 2.0to 6.0 Freestalls or loose housing
Cull and dry cows N/A 15 Loose housing
Calf housing 24 hours Hutches or small pens
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Table 4. Experimental treatments for a heat stress study at Kansas State University during the
summer of 2001.

Treatment (F = fan) Soaking Freguency* Supplemental Airflow
0 None None

O+F None 700 cfm

5 Every 5 minutes None

5+F Every 5 minutes 700 cfm

10 Every 10 minutes None

10+F Every 10 minutes 700 cfm

15 Every 15 minutes None

15+F Every 15 minutes 700 cfm

*0.35 gallon/headl ock applied in one minute.

110 T 0
100 - .- 0+F
< 90 5
E 80 w 5+F
§ 70 -~ e . —X% - 10
@ 60 8| _o- 10+F
50 —| ——15
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1 23456 7 8 91011121314151617 1819

5 minute periods

Figure 1. Effect of sprinkling frequency and airflow on respiration rate of heat stressed dairy cattle
(see Table 4 for an explanation of treatments).
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Figure 2. Initial, final, and percentage decrease in respiration rate of heat stressed dairy cattle (see
table 4 for an explanation of treatments).
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Prescription Rations for Pre- and Post-Fresh Cows

ThomasR. Overton?
Department of Animal Science
Cornell University

Abstract

Transition cows must exquisitely
coordinate their metabolism to meet tremendous
increasesin nutrient demand during early lacta-
tion, particularly the demand for glucose
production by theliver. Excessivemobilization
of nonesterified fatty acids (NEFA) from body
fat during the transition period presents chal-
lenges to liver function, including the capacity
of the liver to produce glucose. Strategies to
either reduce the supply of NEFA to theliver or
optimize the metabolism of NEFA by the liver
include maximizing DM intake of well-formu-
lated transition rations, dietary supplementation
with choline, or short-term drenching strategies
using propylene glycol. Supplementation of
other nutrients (methionine analogs and conju-
gated linoleic acid) has been shown to improve
performance during early lactation; however,
their mode of action does not appear to be re-
lated directly to liver metabolism. Researchin-
vestigating nutritional grouping strategiesfor dry
cows indicates that the two-group dry cow sys-
temispreferred to aone-group dry cow system;
however, there may be interactions of grouping
system with body condition score on postpar-
tum performance.

Introduction
The transition period of the lactation

cyclein dairy cattle is clearly the most impor-
tant phase of the lactation cycle because it rep-

resents the convergence of productive perfor-
mance, reproductive performance, and health
that directly impacts profitability of the dairy
enterprise. We have reviewed previously the
metabolic adaptationsrel ated to energy metabo-
lism that must occur in order to alow produc-
tion of large amounts of glucose by the liver to
support lactose synthesis (Overton and
Piepenbrink, 1999). The purpose of this paper
will be to briefly review the key metabolic
adaptationsthat must occur for cowsto success-
fully transitionto lactation, provide someinsight
into “managing metabolism” of transition dairy
cows, and to provide some “bottom line”
recommendations for “prescription” ration
formulation and grouping of transition cows.

Metabolic Adaptationsin Transition Cows

The primary series of metabolic adapta-
tions that must occur to underpin a successful
transition to lactation relates to increased
glucose synthesis by the liver and decreased
glucose oxidation by periphera tissues at the
onset of lactation. Glucose represents an over-
riding metabolic demand during the transition
period because of the requirements of the mam-
mary gland for lactose synthesis. Datain Fig-
ure 1 indicate that the predicted whole-body
requirement for glucose increasesfrom approxi-
mately 1,000 g/day during thelate dry period to
approximately 2,500 g/day during thefirst three
weeks postcalving. The predicted supply of glu-
cose based upon intake of digestible energy

1Contact at: 272 Morrison Hall, Ithaca, NY 14853, (607) 255-2878, FAX (607) 255-1335, Email: tro2@cornell.edu
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matches well with requirements during the late
dry period but is below predicted requirements
during early lactation. The actual supply of
glucose measured in this experiment is much
greater than the predicted supply, indicating that
sources other than those accounted for by
digestible energy intake are making contribu-
tions to liver glucose output during this time
frame. Recent data (Overton et al., 1998) sug-
gest that at least part of the additional glucoseis
being synthesized from amino acidsduring early
lactation.

A second key metabolic adaptation re-
|ates to mobilization of body reserves, particu-
larly body fat stores, in support of the increased
energetic demands during early lactation paired
with insufficient energy intake. This mobiliza-
tion of body fat occursthrough release of NEFA
into the bloodstream (Figure 3). These NEFA
are used for energy by body tissues and as pre-
cursorsfor synthesisof milk fat; however, avail-
able data suggest that the liver takes up NEFA
inproportionto their supply (Emery et al., 1992).
Unfortunately, the liver typically does not have
sufficient capacity to completely dispose of
NEFA through export into the blood or catabo-
lism for energy (Figure 2), and thus, transition
cows are predisposed to accumulate triglycer-
ides in the liver tissue. As we have reviewed
thoroughly (Overton and Piepenbrink, 1999), the
consequence of this triglyceride accumulation
appearsto beimpaired liver function, including
decreased capacity for ureagenesis and gluco-
neogenesis.

Srategiesto Manage Liver Metabolism in
Transition Cows

Our guiding principle based collectively
on these datais that management of NEFA dur-
ing the transition period is an important factor
influencing liver health, the capacity of theliver
to make glucose, subsequent milk production,
and incidence of metabolic disordersin transi-
tion cows. The two primary approaches that

can betaken are:

1) decreasethesupply of NEFA totheliver
through diet and feeding management
(perhaps use of glucogenic supple-
ments), and

2) optimize capacity of theliver to dispose
of NEFA either by burning them for fuel
or exporting them as triglyceridesin li-
poproteins (very low desnity lipopro-
teins; VLDL).

Good closeup and fresh cow nutritional
programs, combined with excellent feeding
management to achieve high levels of DM
intake throughout the transition period, achieves
80 to 90% of the potentia of the first strategy
and should always be the first area of focus for
management. Contrary to popular belief, data
supporting that niacin supplementation to the
diet decreases plasma concentrations of NEFA
arelimited; nevertheless, apractical recommen-
dation would be to include niacin (12 g/day) in
diets fed to herds struggling with
overconditioned cows. Glucogenic supple-
ments, such aspropyleneglycol, are effective at
decreasing concentrations of NEFA and B-
hydroxybutyrate (BHBA; the predominant ke-
tone body found in blood); however, propylene
glycol must be drenched or fed such that it is
consumed as a bolus in order to be effectivein
decreasing concentrations of NEFA and BHBA
(Christensen et al., 1997), and thus, this presents
both cost and labor challenges. The duration of
treatment in most experiments reported in the
literature ranges from 10 to 40 days per cow.
Recently, two experiments have been conducted
(Pickett et al., 2001; Stokesand Goff, 2001) that
report beneficial effects of drenching propylene
glycol beginning on the day of calving and con-
tinuing for one or two subsequent days (Figure
3) — these short-term treatments are much more
acceptablefrom acost and labor standpoint and
have more potential for commercial application.
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Recently, another strategy related to de-
creasing energy demands on the transition cow
has been suggested to potentially decrease reli-
ance on body reserves and thereby reduce the
supply of NEFA to the liver. In typical
midlactation cows, approximately 50% of the
fatty acids secreted as milk fat are taken up by
the mammary gland from the bloodstream as
preformed fatty acids. The remaining 50% of
fatty acids in milk are synthesized de novo in
the mammary gland and account for approxi-
mately 50% of the energetic cost of milk syn-
thesis (NRC, 2001). Conjugated linoleic acids
(CLA), specifically the trans-10, cis-12 isomer
of CLA, have been discovered to be potent in-
hibitors of milk fat synthesis (Bauman et al.,
2000). Giesy et al. (1999) fed cows 50 g/day of
a mixture of CLA isomers (35% trans-10, cis-
12 by weight) in a Ca-salt form from day 13
through 80 postpartum. They reported few ef-
fects of CLA supplementation on cow perfor-
mance during day 14 through 28 postcalving;
however, milk yield wasincreased, and percent-
age andyield of milk fat were decreased, during
day 35through 80 postpartum. Energy balance
was hot affected by treatment during either pe-
riod. Given that supplementation with CLA in
their experiment began after concentrations of
NEFA have returned to relatively low levelsin
the blood (Overton and Piepenbrink, 1999), we
hypothesized that supplementation of CLA dur-
ing the entire transition period and early lacta-
tion would be more effective in terms of poten-
tially decreasing energy demand during early
lactation. Bernal-Santos et al. (2001) fed cows
42.8 g/day of a mixture of CLA isomers (29%
trans-10, cis-12 by weight) in a Ca-salt form
from 14 days before expected calving through
140 days of lactation. Results were similar to
those of Giesy et a. (1999) in that milk yield
and milk fat percentage during the first two
weeks postpartum were not affected by CLA
supplementation; however, milk fat percentage
was decreased by 13% and milk yield tended to
beincreased (6.6 Ib/day) during the entire post-
partum period in cows administered the CLA
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supplement (Table 1; Figure 4; Figure 5). En-
ergy balance and concentrations of NEFA and
BHBA in plasmawere not affected by treatment.
Therefore, contrary to our hypothesis, CLA
supplementation does not appear to substantially
reduce reliance on body fat stores; however,
energy spared from milk fat synthesis apparently
was redirected to lactose synthesis and may of -
fer the opportunity to use CLA asamanagement
tool to increase peak milk yield.

Even when the first strategy isin place
onindividua dairy farms, we believe that there
are opportunitiesto further improveliver health
by employing nutritional strategiesto optimize
the capacity of liver to dispose of NEFA rather
than accumulate them asfat in liver tissue. As
mentioned above, the two disposal routes of
NEFA from liver involve burning them for fuel
and exporting them back into the blood astrig-
lyceridesin VLDL (Figure 2). Wereviewed the
background data and theory supporting the po-
tential for several candidate nutrients (choline,
methionine, and lysine) last year, and reported
that choline supplementation to dietsfed to tran-
sition dairy cows resulted in decreased rate of
accumulation of fat in liver measured using an
invitro system (Piepenbrink and Overton, 2000).
We now know that this decreased rate of accu-
mulation of fat in liver was accompanied by a
trend for increased capacity of liver to convert
propionate to glucose. We aso reported that
milk production was sensitive (Table 2) to the
supply of methionine as provided by its analog,
2-hydroxy-(4-methylthio)-butanoic acid
(HMB); however, the capacity of liver to me-
tabolize NEFA was not affected by HMB sup-
ply (Piepenbrink et al., 2001). Further research
must be conducted to determinethe specific roles
of choline, methionine, and lysinein liver fatty
acid metabolism and to determine the interac-
tions among supply of these nutrients.
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Grouping Srategiesand Diet Formulation
for Closeup Cows

Modern dry cow nutritional grouping
strategies involve a two-group system - a “far
off” group consisting of cows from dry off
through approximately 21 days prepartum and
a“closeup” group consisting of cows from ap-
proximately 21 days prepartum through parturi-
tion. Wewould recommend energy densities of
approximately 0.59 to 0.63 Mcal/lb of net en-
ergy for lactation (NE, ) for dietsfed to cowsin
the far-off group. More detailed recommenda-
tions for diets fed to closeup cows, with differ-
entiation of mineral composition based on
anionic versus nonanionic approaches to man-
age hypocalcemia, are provided in Table 3.

Moreuncertainisthelength of timethat
cows should be fed the closeup diet. Two ex-
periments have been published recently that pro-
vide us with some insight on this topic.
Robinson et a. (2001) fed cows and first-calf
heiferseither acontrol closeup diet or acloseup
diet supplemented with additional energy and
protein on commercia dairy farms in the West
and determined that there was a significant
increasein milk yield over afull lactation when
heifersand cowswerefed thesedietsfor 15 days
compared with 5 days (Figure 6). Additiona
supplementation of energy and proteinto thediet
yielded more milk during the full lactation only
when it was fed for 15 days prepartum. This
experiment, however, did not explore feeding
the closeup diet for longer than the 21 days cur-
rently recommended. Mashek and Beede (2001)
fed cows on two commercial dairy farms the
closeup diet for an average of either 18 or 37
days prepartum. There was a sight improve-
ment in energy status of cows fed the closeup
diet for 37 days prepartum; however, differences
in milk production during early lactation were
not significant. Health effects were farm-spe-
cific— onefarm had an increased incidence of
retained placenta when fed the closeup diet for
an average of 37 days prepartum.

We recently completed an experiment on
two commercia dairy farms in New York in-
volving nearly 400 cows in which we fed cows
either a two-group dry cow program or the
closeup diet for the entire dry period (Contreras
et a., 2002). Differencesin productive perfor-
mance during the first five monthly test days
were not significant among treatments. 1nlook-
ing at interactions of body condition scoreat dry
off with performance during the subsequent lac-
tation, wefound that cowswithinitial body con-
dition scorelessthan 3.0 (mean = 2.8) tended to
produce more milk (94.6 versus 90.9 |b/day)
across the first five monthly test days than did
cowswith body condition score of 3.25 or greater
(mean = 3.4). Furthermore, atrend existed for
an interaction of body condition score at dry off
such that thinner cowsfed atwo-group dry cow
program produced the most milk (97.0 |b/day)
during thefirst five monthly test days, cowsfed
the closeup diet for the entire dry period were
intermediate (92.4 |b/day for both body condi-
tion score groups), and heavier cows fed atwo-
group dry cow program produced the least milk
(89.3 Ib/day) during the first five monthly test
days. The implications of these data are that
replenishment of body condition during latelac-
tation to a body condition score of 3.25 or 3.50
as commonly recommended may not be as im-
portant for productive performance if cows are
fed “modern” transition cow feeding programs.
Secondly, these data also imply that perhaps
heavier cows will benefit from spending the
entiredry periodinthe closeup group. Certainly,
more research investigating the interactions of
body condition score and nutritional strategies
for transition cows is merited.

Current Research and Implicationsfor the
Dairy Industry

Currently, our laboratory is engaged in
experiments to elucidate the specific roles of
individual nutrientsin liver metabolism of tran-
sition cows and to determine the interactions of
metabolism and health that likely provide the
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biological basis for the myriad of factors that
weincludeinthe category of “management” on
commercia dairy farms. Collectively, this re-
search will provide much of the basis for man-
aging metabolism of transition dairy cowswithin
transition cow nutrition and management pro-
grams in the future.
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Table 1. Dry matter intake (DM 1) and yield and composition of milk from cows fed a control or a
conjugated linoleic acid (CLA) supplement from 2 weeks prepartum through 20 weeks postpartum
(Bernal-Santos et al., 2001).

Week 1 through Week 8 Week 1 through Week 20
Treatment P-value Treatment P-value
TRT* TRT*
[tem Controo CLA SEM TRT WK Control CLA SEM TRT WK
DMI, Ib/day 451 475 1.3 0.23 084 517 52.6 1.1 065 011
Milk, Ib/day 937 994 26 0.14 0.07 970 1034 2.0 0.12 0.48
Fat, % 384 346 011 001 062 361 315 008 0.01 0.06
Fat, Ib/day 352 332 013 031 089 345 319 011 012 0.58
3.5%FCM, |b/day 977 970 31 099 0.88 97.9 96.6 2.9 0.74 0.98
True protein, % 287 289 006 079 044 277 274 004 060 0.28
Trueprotein,lb/day 264 279 009 0.19 097 2.66 277 007 0.27 0.98
Lactose, % 469 473 005 058 015 4.74 474 005 1.0 0.05
Lactose, Ib/day 440 471 013 058 0.15 4.60 488 0.13 0.15 0.89

Milk ureaN, mg/dl 128 127 04 082 055 122 12.0 0.4 0.70 0.89

IFCM = fat-corrected milk, SEM = standard error of mean, TRT = treatment effect, and TRT * WK =
interaction of treatment and week postpartum.
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Table 2. Yields of milk and milk components by cows fed increasing amounts of 2-hydroxy-4-
(methylthio)-butanoic acid (HM B) during the transition period and early lactation (Piepenbrink et al.,
2001).

Treatment Treatment effect, P <

TRT TRT TRT X

Item Controi +HMB ++HMB SEM Linear Quad. week
Milk, Ib/day 92.6 99.2 92.6 2.9 0.99 0.05 0.13
Fat, % 4.20 4.00 407 013 046 036 0.80
Fat, Ib/day 3.79 3.88 370 011 0.59 0.32 0.40
3.5% FCM, |b/day 101.4 105.8 100.1 2.6 070 011 0.28
CP, % 2.80 2.77 2.84 0.06 0.65 033 0.26
CP, Ib/day 2.56 2.69 2.58 0.09 0.77 0.22 0.69
Lactose, % 4.70 4.69 4.73 0.05 0.62 0.69 0.76

Lactose, [b/day 4.34 4.65 4.39 0.13 086 0.05 0.19
Total solids, % 12.46 1222 12.38 0.19 0.78 0.36 0.94
Total solids, Ib/day 11.40 11.99 11.35 0.31 094 0.09 0.53

IFCM = fat-corrected milk, SEM = standard error of mean, and TRT = treatment.

Table 3. General goalsfor diet formulation for closeup dry cows.

ltem Standard Anionic
NEL,YMcaI/Ib 0.72100.74

Metabolizable protein, g/day 1,100 to 1,200

NFC, % 34to 36

Ca, g/day 100 140

Ca % 0.90 1.2

P, % 0.3t00.4 0.3t00.4
Mg, % 0.41t00.42 0.41t00.42
Cl, % 0.3 0.8to1.2
K, % <13 <13

Na, % 0.1t00.2

S, % 0.20 0.3t00.4
Vitamin A, (IU/day) 100,000 100,000
Vitamin D, (IU/day) 30,000 30,000
Vitamin E, (IU/day) 1,800 1,800
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Figure 1. Predicted whole-body glucose requirements compared with predicted and actual supply of
glucose by gut and liver during the transition period and early lactation. Dataare from Reynoldset al.
(2000). Predictions are as described by Overton (1998).
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Figure2. Schematic of metabolism of nonesterified fatty acids (NEFA) in the dairy cow (adapted from
Drackley, 1999).
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Figure3. Concentrationsof nonesterified fatty acids (NEFA; left pane) and B-hydroxybutyrate (BHBA;
right pane) during day 2 through 7 postcalving for cows drenched with either a control, propylene
glycol (500 ml/day; PG), fat (1.0 Ib/day), or a combination of propylene glycol and fat for the first 3
days postcalving (trend for effect of PG; P < 0.11 for NEFA and P < 0.09 for BHBA)(Pickett et al.,
2001).
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Figure 4. Milk yield by week of lactation for cows fed either a control or a conjugated linoleic acid
(CLA) supplement (pooled standard error of mean = 0.9) (Bernal-Santos et a., 2001).
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Figureb5. Milk fat percentage by week of lactation for cowsfed either acontrol or aconjugated linoleic
acid (CLA) supplement (pooled standard error of mean = 0.1) (Bernal-Santos et al., 2001).
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Figure 6. Full lactational milk yields of cows in first and second or greater lactation as affected by
feeding either a control or supplemented (additional energy and protein) diet for either five or fifteen
days closeup (Robinson et a., 2001).
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Screening for Mycotoxinsin Silage

Gretchen A. Kuldau™ and Charles P. Woloshuk®
“Department of Botany and Plant Pathology, Purdue University
“"Department of Plant Pathology, The Pennsylvania Sate University

Abstract

Mycotoxins are chemicals produced by
fungi that can serioudly affect the health of dairy
cattle. Mycotoxin-producing fungi do not com-
pete well with the microbes responsible for si-
lagefermentation. However, if proper moisture
content is not maintained or oxygen is allowed
into the silage, these fungi can grow and poten-
tially produce mycotoxins. In addition, myc-
otoxinsformedinthefield can persistinthesilo.
The presence of mycotoxins in silage can only
be determined by chemical analysis. Mycotox-
ins are analyzed by several methodologies, in-
cludingimmunochemical (ELISA) assays, thin-
layer chromatography (TL C), gas chromatog-
raphy (GC) and high-performance liquid chro-
matography (HPL C).Analysescan beobtained
from commercial and State labs for aflatoxins,
DON, T-2, DAS, zearaenone, fumonisins, and
ochratoxin. Other mycotoxins can occur in Si-
lage, however testing for these is not currently
available or difficult to obtain.

Mycotoxinsin Silage

Mycotoxins are toxic chemicals pro-
duced by fungi. The most common mycotoxin
found in silage is deoxynivalenol, also known
as DON or vomitoxin (Whitlow and Hagler,
1997). DON is produced by several species of
Fusarium including the most common producer
F. graminearum. When present in dairy cattle
feeds, DON does not appear to significantly af-

fect milk production, milk quality, feed intake
or animal health. Feeding studiesutilizing DON
contaminated feedswith early lactation (Ingalls,
1996), mid-lactation (Charmley et al, 1993) and
non-lactating cows (Trenholm et al, 1985) all
support thisconclusion. Nonethel ess, many pro-
ducers have observed a correlation between
DON inrationsand problemswith reduced milk
production, feed intake and herd health. Thus
DON appears to be an indicator for the pres-
ence of other possible toxinsin feeds. Recom-
mendationsvary for the maximum level of DON
indairy cattlefeed. Our search of theliterature
and Internet indicate arange as low as 300 mi-
crograms per kilogram of silage (300 ppb) to as
high as 6,000 ppb.

Other Fusarium mycotoxins that have
been found in silage include T-2 toxin,
diacetoxyscirpenol (DAS), zearalenone, and
fumonisins. T-2 toxin and therelated mycotoxin
DAS are potent mycotoxins produced by F.
sporotrichioides and F. poae, which cause se-
vere mycotoxicoses in animals including dairy
cattle. Extreme cases can result in death. Fortu-
nately, these two mycotoxins are not commonly
found in silage produced in the Midwest. The
maximum recommended levelsof T-2and DAS
in dairy cattle feed range between100 micro-
grams per kilogram of silage (100 ppb) to 250
ppb. Zearalenoneis produced by F. graminearum
and is often present in DON-contaminated si-
lage. Zearalenone has estrogenic effectsin ani-
mals meaning that it can disrupt the reproduc-

!Contact at: 1155 Lilly Hall, West Lafayette, IN 47607, (765) 494 3450, FAX (765) 494 0363, Email:

woloshuk@btny.purdue.edu
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tive system. Large doses of the mycotoxin also
may cause reduction in milk production.
Zearalenone levels exceeding 500 micrograms
per kilogram of silage (500 ppb) are of concern.
Fumonisinsare agroup of mycotoxins produced
by F. verticillioides and F. proliferatum. The
most common fumonisin, FB1, has a variety of
effects in animals many stemming from dam-
age to the liver and kidney. The FDA has sug-
gested that dairy cattle should not be fed more
than 30,000 microgram total fumonisin (= FB1
+ FB2 + FB3) per kilogram of feed (30 ppm)
(http://vm.cfsan.fda.gov/~dms/fumongui.html).

In addition to the Fusarium mycotoxins,
aflatoxin, ochratoxin, and ergot also occur in
silage. Aflatoxins are potent liver toxins and
carcinogens produced by Aspergillusflavusand
A. paragiticus. Aflatoxinsareof concerntodairy
producers in particular because the FDA regu-
lations require aflatoxin residues in milk to be
less than 0.5 ppb. To prevent the carry over of
aflatoxinsinto milk, silage and other feed com-
ponents such as cottonseed should not contain
greater than 20 micrograms aflatoxin per kilo-
gram (20 ppb). Ochratoxin A is a nephrotoxin
produced by several species of Penicillium and
Aspergillus (CAST, 1989). Although this is a
fairly toxic compound, concern for dairy cattle
is somewhat moderated by the knowledge that
rumen microorganisms are capable of metabo-
lizing ochratoxin A (Hult et a., 1976). Ochra-
toxin levels in dairy cattle diet should not ex-
ceed 250 ppb. Ergot alkaloids are a complex
group of mycotoxins produced by Claviceps
purpurea and other related fungi (Kuldau and
Bacon, 2000). C. purpurea infects nearly all
grasses including barley, rye, wheat. This fun-
gus infects through the flower and produces a
structure called a sclerotium in the location
where the seed would have formed. Ergot con-
tamination is more common in haylage, how-
ever infected grassy weeds can be a source of
contamination in corn silage. Pencillium
roqueforti is a fungus commonly found in the
acidic, low oxygen tension environment of si-

lage. This fungus produces at least four myc-
otoxins (PR toxin, roquefortine C, patulin and
mycophenolic acid) all of which have been docu-
mented in silage. The effects of these mycotox-
inson dairy cattle are not currently well under-
stood.

Screening for Mycotoxins

Producers will certainly think of myc-
otoxins as a contaminant in their silage when
they observe spoilage or when their herds are
showing reduced feed intake, reduced milk pro-
duction or an appearance of poor health. How-
ever, the presence of mold does not mean myc-
otoxins are present and other chemicals such as
nitrates can cause similar animal symptoms to
those caused by mycotoxins (Adams et al.,
1992). The only means of determining their
presenceisby anaysis. Mycotoxinsare anayzed
by several methodologies, including ELISA as-
says, TLC, GC and HPLC. One advantage of
the TL C method isthat more than one mycotoxin
can be anayzed at once. With theimmunochemi-
cal assays, GC, and HPLC separate analyses
must be performed for each mycotoxin or class
of mycotoxin. Analyzing mycotoxinsin silage
can be a challenge due its complex nature. If
proper protocols are not followed interfering
compounds can be extracted from the silage
leading to false positives for the presence of
mycotoxins. Thisisespecidly truefor the ELISA
assays. ELISA tests are useful for screening
samples and to indicate which samples warrant
further attention. It is best to have positive re-
sults verified by other methods such as TLC,
HPLC, or GC. For this reason, one should have
aprofessional laboratory do the analysis. Most
veterinary schools at State universities have di-
agnostic labsthat routinely test for mycotoxins.
There are also several private companies, many
having Internet sites. Routine analyses can be
obtained for aflatoxins, DON, T-2, DAS,
zearalenone, fumonisins, and ochratoxin. Cur-
rently, one or two labs analyze for ergots, and
noneanayzefor PR toxin, roguefortine C, patu-
lin and mycophenolic acid.
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Aswith mycotoxin analysis of any com-
modity, sample collection and preparation are
animportant source of error when testing silage.
One must provide the analytical lab with arep-
resentative sample. Such asampleisroutinely
obtained by combining numerous small sub-
samples taken from the silage mass. Because
mycotoxin production will occur in the area of
silage exposed to air, samples from moldy si-
lage should give an indication of the mycotox-
inspresent. If sampling moldy silagefor analy-
gis, itisimportant to take a separate samplefrom
an areathat is not moldy. Care should be taken
with handling samples to assure that mycotox-
insdo not accumulate in the sample during ship-
ping or while in wait for analysis. Drying the
sample at moderate temperature (60°C or less)
will best assure that the fungus stops further
growth and mycotoxin production. Freezing the
sample and shipping on ice by aone-day deliv-
ery service is another option.

MoreInformation

For more information regarding myc-
otoxins in silage, visit the Internet site for the
NC129 North Central Regional Research project
Mycotoxins in Cereal Grains at http://
www.btny.purdue.edu/ncl29. Links are pro-
vided to many sources of information related to
mycotoxins and silage.
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Optimizing Rumen Fermentation

Jeffrey L. Firkinst
Department of Animal Sciences
The Ohio Sate University

We all know that we “feed the rumen”
when we feed dairy cows. Yet, in today’s pro-
duction scenario, we need to be more aware of
how and why we feed the rumen because of the
greater array of feedstuffsavailable and because
of environmental concerns. My current objec-
tivesareto integrate biological constraintswith
feeding practices to identify issues to improve
your ability to reducethevariability and increase
the efficiency associated with “optimizing ru-
men fermentation”.

What Do We Know About Microbial
Fermentation?

Asabackground, there are roughly 10%°
bacteriaand 10" protozoain acow’srumen. Do
you remember being asked as a kid how much
money you would have if you started with a
penny and doubled the amount every day for a
year? Onemicrobiologist calculated that, if you
started with one bacterial cell, had a doubling
time of 20 minutes, and could have unlimited
substrate, then a single cell’s mass would am-
plify to yield the mass of the earth in 34 hours.
Those trillions of cells are therefore a result of
their ability to compete and dominate in aruth-
lessmarketplacefor substratethat variestremen-
dously throughout afeeding cycle. Despitesig-
nificant advancesto meet acow’sdaily require-
ments, all of our sophisticated models havelim-
ited ability to explain how thisdiurnal variation
in growth conditions affects fermentation effi-
ciency. Fortunately, the rumen microbial popu-

lationsare self-regulating if wethink about feed-
ing the rumen instead of feeding the cow.

Substrate Availability

Probably the most important factor af-
fecting microbial growth isthe amount and syn-
chrony of substrates needed. The primary en-
ergy substrate for ruminal microbesis carbohy-
drate. Much less energy can be obtained from
protein or fat. Improved forage quality or more
aggressive processing of grain can providemore
substrate. For this reason, we typically relate
efficiency of growth asthe amount of microbial
protein produced per amount of energy made
availablethrough fermentation. Asmore energy
isobtained, more cell division can occur. More
rapid cell division dilutes maintenance energy
costs. Alternatively, microbes can store some
glycogen-like polysaccharides or can recycle
insidetherumen. Wetherefore need to separate
net microbia protein production from its effi-
ciency of productionto* optimize’ fermentation.

Just as with a cow, after energy is met,
the microbes must have nitrogenous sourcesin
high enough availability to use the energy for
cell growth (division) to yield more protein to
the cow. Rumen-degradable protein (RDP)
(through conversion to microbial protein) isthe
cheapest source of protein, especially when con-
sidering its excellent amino acid profile (based
on SESAME software; St-Pierreand Glamocic,
2000) [NRC (2001)].

!Contact at: 223 Animal Science Building, 2029 Fyffe Road, Columbus, OH 43210, (614) 688-3089, FAX (614) 292-

1515, Email: firkins.1@osu.edu
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At this point, it is important to remem-
ber that microbes must expend energy to pro-
duce enzymes to break down any polysaccha-
ride to sugars. This overhead cost is minor,
though, using up only 3 to 5% of the cell’'sATP
(Hespell and Bryant, 1979). Some bacteriahave
some specialized waysto capture a high energy
phosphate bond (ADP — ATP) as they break
down disaccharides into monosaccharides, but
microbes in the rumen growing on any carbo-
hydrate source obtain energy primarily fromin-
tracellular fermentation of free sugars. This
means that they get the same number of ATP
from 100 moles of glucosein the form of starch
or asfreeglucose. If cellsgrew on glucose and
gained al of the ATPfrom not needing polysac-
charide-degrading enzymes, thiswould still pro-
vide little, if any, benefit because one pound of
starch has more glucose molecules than one
pound of free glucose. Based on the loss of a
water molecule as glucose molecules are com-
binedin chemical bonds, Hall and Hergjk (2001)
calculated the monomer yield of starch and su-
crose to be 1.11 and 1.05 relative to 1.00 for
glucose, and pectin provided 0.89 glucose-
equivalents relative to starch. Because all sug-
ars enter the glycolysis pathway, they generally
have the potential to yield the same amount of
energy. If rumen-fermentable carbohydrate lim-
its bacterial growth because of low digestibility
or low feed intake, then provision of sugar
should increase microbial growth just as should
processing of corn.

Asshown by Forsberg et a. (1997), spe-
cies of bacteriacan ferment glucose, maltose (a
disaccharide with two glucoses), fructose, and
sucrose (adisaccharide of glucose and fructose).
Other sourcesof rapidly available carbohydrate
have been outlined by M.B. Hall and this publi-
cation (http://www.animal.ufl.edu/hall/
MkSnsNSC.htm) and others on thewebsite have
some very useful information outside the scope
of this paper.

Rumen microbes need to survive peri-
ods of limited substrate availability. In fact,
bacteria store glycogen or inactivate an
autolysing (self-killing) enzyme to maintain
viability until the next feeding, which allowsfor
renewed exponential growth (Wellsand Russell,
1996). A small amount of sugar (2 to 5%) fed
with fiber can therefore help jump start fibrolytic
bacteria (Hiltner and Dehority, 1983) and can
yield microbial protein quicker (but not more)
than starch (Hall and Hergjk, 2001). In contrast,
higher amounts of free sugar can decrease fiber
digestibility through direct or low pH-mediated
responses (Firkins, 1997). In meal-fed situa-
tions, starch would probably reduce the “feast-
to-famine” cycling, causing increased efficiency
of microbial growth with sugar versus starch
(Piwonkaet a., 1994), but multiplefeedingsand
TMR pushups would lessen this response.

When carbohydrate availability is not
limiting growth, then provision of more rumen-
available carbohydrate, including sugar, often
decreases efficiency of growth. A major cellu-
lolytic bacterium has been shown not to regu-
late glucose transport inside its cell (Wells and
Russell, 1996), and one can envision bacteria
continually taking up unneeded substrate to keep
“the competition” from gettingit. Asthesesug-
ars (including from starch or fiber breakdown)
enter glycolysis pathways, aglycolysisinterme-
diate can cause Streptoccocus bovis to produce
morelactic acid (Bond and Russell, 1996). This
can lower pH, whichinhibits cellulolytic bacte-
ria(Russall and Wilson, 1996). Inaddition, high
lactate production was associated with increased
energy “spilling” (intentional wastage of ATP
through futile cycles), so production and subse-
quent utilization of lactateto avolatilefatty acid
(VFA; usudly propionate or butyrate) still could
result in inefficient bacterial growth, evenif pH
was not decreased below 6.0. With excess car-
bohydrate, methyglyoxal production can *intoxi-
cate” one of the major species of bacteriain the
rumen (Wells and Russell, 1996). Therefore,
mechanisms to spill energy become critical to
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maintain high cell numbers during gluttonous
periods of substrate excess (Russell and Cook,
1995). In particular, as potential growth rate
increases with increased substrate availability,
the provision of peptides or amino acids to re-
place ammonia as a N source can decrease en-
ergy spilling and significantly increase efficiency
of bacterial growth.

Rumen-Degraded Protein

Many researchers have documented that
peptides are stimulatory for bacterial growth in
vitro. Although bacteria can synthesize amino
acids(AA) from carbon skeletons, the provision
of preformed AA in the correct proportions also
would be needed for optimal growth rate (Van
Kessel and Russell, 1996). If growth rate is
dowed by availability of arate-limitingAA, then
energy spilling would increase. They discussed
the increasing importance of amino N as bacte-
rial growth increased, especially above 0.4/hour
(i.e., 40%/hour or a cell division time of < 2.5
hours). Because starch isgenerally degraded at
ratesfrom 0.1to 0.5/hour (10 to 50%/hour) and
sugars from > 0.4/hour, this documents an in-
creasing need for amino N with more aggres-
sive processing of grain and increasing sugar
availability. Fiber isgenerally degraded < 0.10/
hour, so amino N is probably much less stimu-
latory except to provide certain growth factors
from deaminated AA. My survey of literature
has generally shown these growth factorsto be
of sufficient concentration such that protein deg-
radation typically would not limit fiber digest-
ibility in vivo unless ruminal ammonia concen-
trationistoo low. Based on an OSU continuous
culture study, Griswold et al. (unpublished data)
noted that ammonia concentration was most
critical for cellulose digestion, but hemicellu-
lose digesters can be stimulated by increased
ammoniaavailability and also the degradability
of protein (to provide amino N). Yet, studies
synchronizing RDP and rumen-degradabl e car-
bohydrate have quite mixed results, generally
showing littleinteraction (Firkins, 1996; Firkins,

41

1997). Thatis, either energy or RDP can limit
microbial growth, but synergistic action gener-
ally doesnot occur when they are synchronized.

Soluble protein can contain ammoniaor
urea as well as amino-N. Regardless of its
makeup, it should be rapidly available. Yet,
growth using ammonia (or urea, which is
degraded to two ammonia molecules) as the
major N source is associated with energy spill-
ing in bacteria with high amounts of available
carbohydrate. Therefore, soluble proteinwould
be expected to be an important diagnostic in
these types of diets only if the soluble protein
contains a high amount of amino-N. In addition,
as carbohydrate availability increases, more
blood urea N can be recycled to rumen ammo-
nia and trapped as bacterial N, further empha
sizing the need for amino-N from either soluble
protein or RDP with increasing rumen carbohy-
drate availability. Therefore, an ammonia N
measurement should be combined with soluble
N [(soluble N ammonia N) x 6.25].

Rumen Protozoa

A big variable not discussed thus far is
rumen protozoa. They benefit the overall fer-
mentation efficiency by engulfing small starch
granules and sugarsto decrease the rate of VFA
production (and help maintain higher pH). On
the other hand, they predate on bacteriaand pro-
mote excessiveturnover of microbial protein and
wastage of ammonia (and the ATP used to re-
synthesize more microbial protein). Some pro-
tozoa have a chemical attraction toward sugars
(Dehority, 1998) but are prone to lysiswith in-
creasing levels of sugars (Dijkstraet a., 1998).
Therefore, some of the benefits of small amounts
of sugars could be negated through increased
growth and turnover of protozoa. Fat isinhibi-
tory to protozoa (seelater discussion on models
predicting microbial protein flow to the duode-
num).
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Providing an Optimal Environment for
Fermentation

Forage NDF and Rumen pH

At common feeding rates, ruminal buff-
erscan help but cannot take the place of adequate
effective fiber. Besides stimulating the cow to
chew and produce roughly 3 to 4 gallons of sa-
liva per each gallon of milk, fiber slows down
the rate of carbohydrate degradation and helps
to form asolid rumen mat to retain particlesfor
enough time for adequate ruminal digestibility.
In contrast, too much fiber can depress feed in-
take and slow passagerate. Faster passagerates
wash out microbes such that alower proportion
of their energy is spent for maintenance, but
faster passage also reduces digestibility and
availability of substrate. Therefore, amoderate
passage rate would optimize microbial protein
flow to the duodenum. This meansthat forage
and nonforage NDF should bewithin guidelines
similar to those described by the NRC (2001).
In the study of Harvatine et al. (2001), replace-
ment of forage NDF with whole cottonseed
linearly decreased efficiency of microbia pro-
tein synthesis, probably because of decreasing
pH and decreasing passage rate. In this study,
though, efficiency declined while microbial N
flow to the duodenum increased because of
increasing DM intake (and intake of rumen-fer-
mentable carbohydrate). Based on our regres-
sion approach (Oldick et al., 1999), only DM
intake and NDF percentage remained in the
final model. Dry matter intake had the domi-
nant effect, and microbial proteinincreased at a
decreasing rate (limiting returns) with increas-
ing DM intake. Therefore, carbohydrate avail-
ability and potential passage rate differences
probably are explained satisfactorily by these
two variables, and measurements of DM intake
inthefield can help anutritional advisor to main-
tain microbial protein production and supply to
the cow.

Microbial Additives

Microbia additives have received con-
siderable attention. Newbold (1995) docu-
mented the variation among studieswith regard
to responses but also discussed potential modes
of action. Direct-fed microbiascan helpto scav-
enge oxygen, provide metabolites to stimulate
lactate utilization, and increase fiber digestibil-
ity, al of which could help stabilize or increase
feedintake. Wang et al. (2001) recently showed
that yeast culture tended to increase feed intake,
milk yield, and milk fat percentage when
included with 21 but not 17% forage NDF
diets. At firgt, this seems to be contrary to the
reported mode of action of stabilizing rumen pH,
but the non-fiber carbohydrate (NFC) was
decreased by about 4.5 percentage units and
enzymatic nonsoluble carbohydrate (NSC)
analysis was decreased by about 7 percentage
unitsasforage NDF decreased from 21 to 17%.
Aswith dietary buffers, apH stabilization from
microbial additives should help improve fiber
digestion, as explained previously.

Feeding M anagement to mprove Micraobial
Growth

Rumen-Degradable Sarch

First, I will go back to the beginning.
When you feed the cow, you must feed the ru-
men. Attempts to shift starch digestion from
the rumen to the intestine to improve efficiency
of glucose metabolism have not been very ef-
fective (Huntington, 1997; Firkinset a., 2001).
The best way to increase glucose supply past
the liver seemsto be to have an optimal amount
of rumen-digestible starch (RDS). The “opti-
mal” amount is a balance between provision of
substrate for propionate synthesis to be con-
verted to glucosein theliver (Huntington, 1997)
and excessive RDS to reduce fiber digestibility
(Firkinset a., 2001) or DM intake (Allen, 2000).
When we (Firkins et a., 2001) evaluated grain
processing effects but adjusted the datato acom-
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mon DM intake, processing to increase RDS had
amoderate influence on total tract organic mat-
ter digestibility and milk production. However,
if DM intake decreases, then the net benefit
would be partly or fully negated. Increasing RDS
tends to shift fiber digestibility to the large in-
testine, whereas|lower RDSispartialy compen-
sated by higher post-ruminal starch digestion
(Table 1). Wang et al. (2001) recommended a
forage NDF:NFC ratio > 0.5, especially for cows
in the first month of lactation. Firkins et al.
(2001) discussed studies in which the forage
NDF:RDS ratio was optimized at about 1.0 to
1.25:1. The RDS datain Table 1 could be used
to maintain thisratio and it should be noted that
an optimal ratio depends on bunk management
and other factors.

Theregressionresultsfrom Firkinset a.
(2001) show several important principles that
can be related to optimal rumen fermentation
(Table 1). We noted a depression in RDS of
1.21% with each 1 kg (2.2 Ib) increase in DM
intake. At the average of 46 |b/day of DM
intake in the database, an increase to 51 |b/day
would decrease RDS by 2.75%. At the average
starch concentration of 31.4%, an increase in
DM intake of 5 Ib/day would still increase RDS
intake by 0.3 Ib/day. Second, DM intake was
not associated with total chewing response. In
fact, total NDF and forage NDF percentages
were negatively correlated with DM intake but
positively correlated with chewing time. There-
fore, increased DM intakewould likely promote
increasing VFA production in the rumen with
littleor noincreasein chewing to stimulate sali-
vary buffering. In total, these regression re-
sponses support the results (Figure 1) reported
by Shaver (2002).

Interestingly, diets with high-moisture
corn were associated with more total chewing
time than diets with dry shelled corn and nu-
merically tended to have higher rumen pH, de-
spite the increased RDS (Firkins et a., 2001).
Therefore, the calculated lower efficiency of
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microbia growth for high-moisture corn (Table
1) was probably caused by increased energy
spilling (intentional ATPwastage) in the rumen.
Because VFA can be absorbed throughout the
length of the gastrointestinal tract but AA are
not absorbed from the cecum or large intestine,
an “optimal” rumen fermentation should
strongly consider microbial protein production.

Forage Particle Sze

There is tremendous interest in forage
particle size to ensure adequate effective fiber
in the diet. Clearly, the scientific research has
documented how a cow can crash with inad-
equate effectivefiber. However, our researchis
typically done with individual cows. Just as
benefits of increased feeding frequency seemto
be less well documented with individually-fed
compared with group-fed cows (Robinson,
1989), so might benefits of large particle size.
For instance, conflicting resultsfor chewing re-
sponse were associated with the particle size of
barley silage (Soita et al., 2000) or corn silage
(Clark and Armentano, 1999). However, ad-
equate particle size in group-fed cows should
still be an important consideration. Prolonged
mixing can decrease particle size variably for
different mixers (Heinrichs et a., 1999). On
farms, if particle size is too coarse and(or) the
TMRistoodry, increased sorting can take place.
One cow selecting for grain can decrease her
digestive efficiency through subclinical acido-
Sisor negative associ ative effectswhile decreas-
ing the digestive efficiency of other cowsforced
to eat adiet higher inforage than expected. More
importantly, | think, istheincreased diurnal and
day-to-day variability caused by such sorting.
Shaver (2002) elaborated on the likely projec-
tion of under consumption of coarse particlesin
thefirst half of the day and over consumptionin
the second half. Recall that rumen microbesare
opportunists prevented from tremendous bursts
of exponential growth only by substrate avail-
ability. Wisconsin workers (Mourino et al.,
2001) recently showed some interesting work
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supporting that it wastheinitial pH that affected
fiber digestibility the most. A sudden surge in
NFC availability associated with under con-
sumption of coarse forage could depress fiber
digestibility residually after the surge of VFA
are absorbed, thus promoting passage of poten-
tially digestible fiber; in contrast, the later con-
sumption of coarser fiber of presumably poorer
quality would have a greater residence time in
the rumen but have digestibility that is limited
by its chemical properties. In summary, par-
ticle size analysis has important ramifications
on farmsto optimize microbial fermentation, but
the variability prevents me from recommend-
ing its use to assign physical effectiveness val-
ues, supporting the NRC (2001) procedure of
relating minimum forage NDF to maximum
NFC concentrations.

A forage particle size analyzer might
have improved utility if it is used as a running
baselinewithin aherd to monitor eventslike cow
sorting across a feed bunk over time, length of
mixing time needed for feed distribution with
minimal particle reduction, different forage
sources or proportions in the diet, etc. Shaver
(2002) elaborated on uses of feed particle size,
noting alarger impact with increased intake of
rumen-fermentabl e organic matter. Also, here-
ported on-farm trials showing that aliquid feed
containing molasses decreased cow sorting. In
our studies with liquid feeds (Oldick et al., un-
published data), we noted comparable intakes
and production. If careis taken to prevent ex-
cessiveintake of rumen-degraded carbohydrate
relative to forage NDF (see earlier), then liquid
products can perhaps improve feeding manage-
ment for group-fed cows while being a carrier
for animal fat and helping to synchronize rumen
degraded carbohydrate and RDP.

Modelsto Integrate Energy and Protein
Basis of Modelsto Predict Protein Sup-

ply to the Small Intestine. Most current models
recognize the biological need to have rumen

degradable carbohydrate in balance with a sup-
ply of RDP to meet the microbes needsfor pre-
formed AA and ammonia. These models range
from empirical (best statistical fit) to mechanis-
tic (trying to quantitatively describe the biologi-
cal processes) prediction of events from which
feeding recommendations are based.

Empirical models are those that are de-
rived from research that was already doneto try
to predict future responses. Generally, the user
will balance for a percentage of ruminally de-
gradable carbohydrate that is synchronized with
an optimal percentage of RDP. Therefore, on
average, theserecommendationsarelikely to be
consistent with actual data and also to be con-
sistent with the user’s “average” experience.
However, an empirical model might be limited
to help evaluate rations for specific circum-
stances that cannot be explained by the data set
from which the equation was derived or for cir-
cumstances for which the user has limited ex-
perience. In practice, a diet with 42% NFC
(100% - protein - fat - ash - fiber) on one farm
could work fine but could contributeto acidosis
symptoms on another. For instance, dry rolled
corn with aruminal starch digestibility of 50%
would have the same NFC concentration in the
total diet as would high-moisture corn with a
ruminal starch digestibility of 75%. Anempiri-
cal computer model might group responses ac-
cording to dietary composition or aclassof grain
types (e.g., ground versus high-moisture corn),
manually adjusting RDP constraints according
to grain type. A more mechanistic model might
try to account for this variability by combining
the fraction of the diet as NFC with its rate of
degradation (Figure 2). Typically, fractionsof a
nutrient are classified on the basis of differen-
tial solubility in various buffers, particle size,
or degradability by microbial enzymes, but most
are based on the same principle.

Rates of degradation (kd) can be inte-
grated with the proportion of nutrient in its re-
spective fraction (typically termed fraction A,
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B, or C; see Figure 2) and the rate of passage
(kp) from the rumen based on afirst-order, single
compartment model as follows:

Predicted ruminal digestibility of B fraction =

kd
kd+kp"

The passage rate from the rumen de-
pends on numerous processes that will not be
discussed here. However, the NRC (2001) esti-
mates kp for dry forages, silages, and concen-
trates with three separate equations. The most
important factor in al three equations is DM
intake. Higher producing cows eat more DM
relative to their body weight, which would in-
crease kp. Therefore, accurate DM intake and
body weight inputs would improve the model’s
predictive ability. Similarly, because of feed
variability, having accurate analyses for A, B,
and C fractions and their kd would improve the
model’s prediction for specific feed sources.
Therefore, some feed testing laboratories offer
these services. Although the Cornell Net Car-
bohydrate and Protein System (CNCPS; Sniffen
eta., 1992) or Cornell-Penn-Miner (CPM Dairy,
1998) versions base kd data onin vitro (ground
feeds plus rumen fluid inoculum added to test
tubes) procedures, the NRC (2001) based their
feed library’s kd (and the subsequent analyses
to be performed by feed testing labs) on the in
situ technique based on thelarge amount of pub-
lished information for numerous feeds and the
good statistical fit relative to data obtained with
duodenally cannulated cattle. The CNCPS has
threesubfractionsfor B. Itsfeed library hasbeen
expanded considerably sinceits original publi-
cation (Sniffen et al., 1992), and many nutrition-
ists have experience using it. To summarizefor
the NRC model:

kd
RDP=A+B kd+kp

RUP = Total crude protein - RDP
where RDPisexpressed as a percentage of total
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protein, A is the percentage of the total protein
that washes out of the dacron bags, B isthe per-
centage of the total protein that is potentially
degradableinside the bags, kd and kp are degra-
dation and passage rates of the B fraction, and
RUP isrumen undegraded protein (percentage
of total protein). Modelslikethe NRC or CNCPS
integrate equations like this for all feeds in the
diet; the CNCPS al so subfractionatesthe B pool.

lonophores probably alter kinetics of
protein degradation or decrease RDP, so some
adjustment might be needed if they get approved
for lactating cows. Work with beef cattle has
been interpreted to suggest alower response to
RUP sources when ionophores were fed (Fir-
kins and Fluharty, 2000).

Estimation of Microbial Protein Flow to the
Duodenum

The CNCPS based the optimal relation-
ship of degradable carbohydrate and RDP on
theoretical microbial growth yields (is more
mechanistic), but the NRC based the relation-
ship of energy and RDP on more empirical data
from cattle studies. The best-fit relationship de-
scribed by the NRC (2001) related microbial
protein yield to theintake of total digestible nu-
trients (TDN) based on the large availability of
data. First, it discounts (adjusts downward) the
TDN concentration of the diet for increased as-
sociative effects and passage rate with increas-
ing feed intake. Then, microbial protein flow to
the duodenum is calculated as 0.130 x adjusted
TDN intake (microbid protein hasthe same units
as adjusted TDN intake). As forage quality or
the ratio of grain:forage increase in a diet, in-
creased ruminal carbohydrate availability should
be predicted by theincreasein TDN concentra-
tion. Thiscalculation mechanistically ignoresthe
siteof digestion (rumen versusintestines), which
should impact availability of energy for micro-
bial protein synthesis in the rumen. However,
empirically, thisbiological variability resulting
from site of digestion appears to have a rela-
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tively low statistical impact on prediction of
energy for ruminal microbia protein synthesis
compared with the dominant statistical impact
of DM intake.

Dietary Fat

Although fat increases TDN concentra-
tion, it should providelittle energy for microbes.
Oldick et a. (1999) presented an alternate, even
more empirical, model than that adopted by the
NRC (2001). It predictsmicrobial protein based
on DM intake and NDF concentration. They
reported that, when fat was fed, two separate
equationswere needed to predict microbia pro-
tein flow based on intake of NE, (which is di-
rectly calculated from TDN). However, supple-
menting fat often increasesthe efficiency of mi-
crobial protein synthesis by decreasing proto-
zoa numbers even though fat is not used as an
energy source by rumen microbes (Firkins,
1996), or fat supplementation could decrease
DM intake (Allen, 2000). Therefore, the net ef-
fect of fat supplementation on prediction of mi-
crobial protein from adjusted TDN intake would
be less than would be predicted by the CNCPS
(which does not adjust efficiency and therefore
underpredicts microbial protein flow to the
duodenum when fat is substituted for carbohy-
dratein diets; seeKohn et a., 1998). However,
based on Oldick et a. (1999), the NRC also
could dightly overpredict microbial protein flow
when fat is fed at high levels in the diet. The
user should consider this potential impact when
trouble-shooting rations. Generaly, dietary fat
decreases milk protein percentage, and this re-
sult is probably related to decreased DM intake
(Wu and Huber, 1994). Fat isfed to boost NE
concentration and therefore energy intake; how-
ever, if DM intake is decreased, the supply of
AA and gluconeogenic precursers should also
be decreased relative to the increased energy
availability. In such a case, matching the sup-
ply and requirement of metabolizable AA limit-
ing milk protein synthesis should become more
critical, explaining why several studies have

documented responsesto rumen-protected lysine
or methionine for cows fed fat.

Integration of Microbial Protein Production
and RDP Requirement

After energy-allowable microbial pro-
tein synthesisiscal culated, the model determines
if RDP intake was sufficient to support it (Fig-
ure 3a). If not, the RDP-allowable microbial
protein calculation discounts microbial protein
contribution based on thelimiting effectsof AA
or ammonia (Figure 3b):

Microbia protein = RDP intake x 0.85

The 0.85 factor (rather than 1.0) empiri-
cally accounts for biological inefficiencies and
the limitation of RDPfor microbial growth dur-
ing part of the feeding cycle. When RDP:RUP
istoo low, the ration cost is raised unnecessar-
ily (protein sources higher in RUP are more ex-
pensive) or else milk protein production might
decrease because of the “hidden” problem of
decreased microbia protein production. The
RDP requirement is set at:

TDN-allowable microbial protein synthesis
x 1.18

When RDP doesnot limit microbial pro-
tein synthesis, RDP intake exceeding 118% (1/
0.85x 100) of predicted TDN-allowable micro-
bial protein iswasted (Figure 3c).

The NRC model is based on best fit to
actual data, so it islikely to predict average re-
sponsesof microbial protein. However, athough
the increased complexity of other more mecha-
nistic models can be useful to predict responses
in atypical (deviating from average) situations
that were not evaluated in theliterature set, these
mechanistic models also have many more pa-
rametersto solve. Often the result of one equa-
tion is used as an input into another equation.
This construction leads to amplification of er-
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ror or situations in which large deviations can
occur for predicted relative to actual responses.
Therefore, a user might consider a scenario
something like that in Figure 4. The CNCPS,
for example, might be used to predict specific
responses to improve efficiency of protein us-
age, and the user can reduce incidences of inac-
curate prediction by comparison with the NRC
(2001).

Examples of On-Farm Usesfor Evaluation
Models

The NRC (2001) and other models
should perhaps best be used to simulate re-
sponsesto ration changes being considered prior
to implementation of field trials or other assess-
ment on farms. Care needsto be exercised when
evaluating results from field trials, though, be-
cause of potential problemsin design or inter-
pretation (St-Pierreand Jones, 1999). Moreover,
an alarming extension of the CNCPS (Sniffen
et a., 1992; and will probably occur with the
NRC model) is the conclusion by many users
that, because a predicted response to the third
decimal is printed, the prediction must be accu-
rate to the same degree. All models are works
in progress. All have error associated with the
prediction and need proper evaluation for the
circumstances of their usefor formulation rather
than their intended use for simulation or evalu-
ation. Oldick et a. (1999) noted that the varia-
tion among individual studieswas considerable,
andthe NRC (2001) AA supply equationswere
derived after accounting for the averagetrial ef-
fect. If effects dueto trial (or experiment) are
considerable, then variation among herdswould
be alogical extension. We feed cowsin groups
with variations imposed by cow interactions,
feed interactions, and uncertainty in the model
inputs. Therefore, predictions from models
should be tempered with the user’s experience
and perhaps sometrial feeding on theindividua
farm. Still, they can help nutritional advisors
prioritize strategies and then to best implement
these strategies to improve milk production or
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income over feed costs.

Modelsarevery useful for trouble-shoot-
ing. If RDP intake is estimated to greatly
exceed requirements for microbial protein
synthesis, then this factor can be minimized as
a potential problem. If energy-allowable milk
(or energy-allowable microbial protein synthe-
sis) is predicted to be much less than protein-
allowable milk (or RDP supply), the nutritional
advisor canfocuson forage quality or other fac-
tors. If milk production is lower than expected
but factors related to energy supply are not lim-
iting, then protein digestibility or AA balance
can be evaluated or selected for consideration
inrevisedrations. Finally, the model could alert
the user to non-nutritional problems such as
water quality, silage quality, or bunk manage-
ment.

If aproducer excludes ruminant and non-
ruminant animal proteins from consideration,
digestible lysine would become acritical limit-
ing nutrient for high producing cows. Faldet et
al. (1992) noted that the optimal roasting method
for soybeans would maximize metabolizable
lysine but decrease the availability of lysine by
15 to 22% compared with its theoretical supply
without irreversible binding. Firkins and
Fluharty (2000) discussed similar concerns for
other processing methodsfor soybean meal. Data
such as this can be used to modify the NRC
model to simulate conditions to make better in-
formed decisions regarding protein supplemen-
tation.
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Table 1. Adjusted meansfor digestibility and microbial N flowsto the duodenum for corn processedin
different ways.

Corn Processing Method

Dry, rolled
or cracked Dry, ground Steam-flaked High-moisture
Rumen digestibility, %
Starch, apparent® 44.6 52.3 56.9 86.8
NDF 48.1 44.9 41.9 47.1
OM, true 52.3 48.6 52.8 60.1
Microbial N, g/day 276 257 296 236
Microbial efficiency® 25.2 25.3 26.8 18.8
Total tract digestibility, %°
Starch, apparent 85.0 90.7 94.2 94.2 (98.8)
NDF 52.0 49.0 48.2 50.0 (50.4)
OM, true 66.6 67.8 68.6 71.9 (73.9)

IAll data were adjusted for among-experiment effects and other variables remaining in backward mul-
tipleregression (Firkinset a., 2001).

aApparent basis = not corrected for microbia contributions. Note that the steam-flaked corn included
all densitiesand digestibility would be higher for the recommended processing procedure. Also, high-
moisture corn was probably of optimal moisture compared with some sources on farms.

bData were calculated as grams of microbial N flow / (20.9 kg/day average DM intake x % OM truly
digested/100).

°Datain parentheses are for ground rather than rolled corn.
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Figure 1. The relationship between predicted acid production (milliquivalents/day) from rumen-fer-
mented organic matter intake (RFOM ) and predicted salivary buffer production to neutralize those
acids (borrowed with permissions from Shaver, 2002). Note increasing RFOMI for high producing
cows would be predicted to depress ruminal pH.
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Figure 2. Schematic representation of a model integrating pools (sizes are proportional to box area)
and degradation rates (arrows; percentage of the pool turnover per hour) of the respective A, B, or C
pools to synchronize carbohydrate and protein availability for optimal microbial activity.
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Figure 3. Predicted microbial crude protein (M CP) flow to the duodenum based on intake of total
digestible nutrients (TDN) or on intake of rumen-degraded protein (RDP). Examples: a) perfectly
balanced so that RDP intake is 118% of MCP predicted from adjusted TDN intake; b) although TDN
intake is adequate to support M CP production, MCP production is limited to 85% of RDP intake; and
¢) RDPintake greater than 118% of TDN-allowable MCP production is wasted.
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Figure 4. Schematic representation of decision analysis for using models to optimize supply of
metabolizable amino acids for high producing dairy cattle (CNCPS = Cornell Net Carbohydrate and

Protein System).
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Rumen-Protected Choline: Potential for Improving Health
and Production in Dairy Cows

Shawn S. Donkin?
Department of Animal Sciences
Purdue University

I ntroduction

Cholineisatrimethylated hydroxidethat
isfound in biological tissuesin afree form and
as a component of lecithin, acetylcholine, cer-
tain plasmalogens, and sphingomyelnins, the
components of nervous tissue (Figure 1). By
strict definition choline is not a vitamin how-
ever it isan essential nutrient. Despite the fact
that most animals synthesize choline it must be
consumed in the diet because de novo synthesis
is inadequate to maintain health. Choline is
mainly found as a component of specialized fat
molecules known as phospholipids, the most
common of whichiscalled phosphatidylcholine
or lecithin (Figure 1).

Choline is crucial to brain, neuromus-
cular signaling, and normal nerve transmission.
Cholineisrequired for synthesis of phospholip-
idswhich are essential components of all mem-
branes and is an important source of labile me-
thyl groups. Cholinedeficiency in nonruminants
is not common except under the most severe
circumstances because cholineiswidely distrib-
uted in plant and animal tissues. However, cho-
line deficiency induced experimentally ismani-
fested as fatty liver, hemorrhaging kidneys, el-
evated blood pressure, and impaired neurologi-
cal function. In nonruminants, choline defi-
ciency can be avoided by supplying dietary
sources of other methyl donors, such asbetaine,
methionine, and folic acid, in conjunction with
adequate vitamin B12.

Oneof the earliest signs of choline defi-
ciency in nonruminants is a reduction in lipo-
protein assembly and secretion of triglycerides
from liver to plasma. Addition of other methyl
donors such as methionine servesto prevent the
accumulation of liver lipid in rats, perhaps as
substratesfor choline synthesis. Currently, there
IS considerable interest in use of choline and
related compounds to reduce fatty liver associ-
ated with the onset of calving in transition dairy
cattle.

Dietary Need for Cholinein Dairy Cows

One of the primary roles of cholineisin
synthesis of phosphatidylcholine, an essential
component of cell membranes. In addition to
the structural component of cell membranes,
phosphatidylcholineisrequired for the secretion
of very-low density lipoprotein (VLDL) from
liver. Itiswell established that therate of VLDL
synthesisin ruminantsislow compared to other
speciesand that fatty liver associated with calv-
ing is not uncommon. Choline deficient rats
show three-fold increases in hepatic triglycer-
ide concentrations and reduced plasmamethion-
ine as well as phosphatidylcholine concentra-
tions compared to rats fed a choline adequate
diet (Pomfret et al., 1990; Yao and VVance, 1988).
Choline status therefore has been suggested as
afactor in alleviating the severity and incidence
of fatty liver and may have some application in
the transition dairy cow.

1Contact at: Lilly Hall, West Lafayette, IN 47907-1151, (765) 497-2697, FAX (765) 494-9346, Email: sdonkir@purdue.edu
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There is an estimated requirement for
gram quantities of choline for normal tissue
metabolism and milk production in lactating
dairy cattle (Erdman, 1992), yet very little di-
etary choline escapes ruminal degradation
(Dawson et a., 1981). Therefore choline sup-
ply may potentially also limit milk production.
Increasing the postruminal supply of choline by
infusion of choline into the abomasum has in-
creased milk production and milk fat yield in
some (Erdman and Sharma, 1991) but not all
experiments. Part of the lack of consistency in
responseto rumen-protected choline may be due
to the supply of other methyl donor sources,
including methionine and folic acid.

It isinteresting to note that the Food and
Nutrition Board of the Institute of Medicine es-
tablished a dietary reference intake for choline
rather than a recommended daily allowance
(RDA) because scientific evidence was insuffi-
cient to calculate an RDA (Pitkin et al., 2000).
The main criterion for establishing an adequate
intake level (Al) is for the prevention of liver
damage due to insufficiency. The Al for adult
men, age 19 and over is 550 milligrams (mg)/
day and for adult women, age 19 and over is
425 mg/day. Likewise, choline requirements
have not been established for the lactating cow.
The recommended concentration of choline in
milk replacer diets is 1000 mg/kg at a feeding
rate of 0.53 kg per 45 kg calf or ~ 530 mg/day
(NRC, 2001). It isinteresting to note that the
requirement for choline in the calf and the Al
for humansisvery similar on abody weight ba-
sis. These data confirm that an estimate of the
minimum choline needed in dairy cowsfor main-
tenance functions (based on metabolic body size)
is approximately 4 to 6 g/day.

Rel ationship Between Methionine and Choline

Inadequacy of choline supply is mani-
fested by decreased concentrations of choline,
betai ne, phosphatidylcholine, methionine, and S-
adenosyl ethionine and increased triglyceride

concentrations in liver (Pomfret et al., 1990).
Deficiencieslead to reductionsin circulating li-
poproteins as a direct result of impaired secre-
tion by liver (Lombardi et al., 1968). Choline
deficient rats show three-fold increases in he-
patic triglyceride concentrations, and reduced
plasma methionine and phosphatidylcholine
concentrations compared to choline adequate
rats (Pomfret et al., 1990; Yao and Vance, 1988).

Choline and methionine metabolism are
closely associated and as much as 28% of ab-
sorbed methionineis used for choline synthesis
(Emmanuel and Kennelly, 1984). Methionine
playsadirect rolein VLDL synthesisin bovine
(Auboironet a., 1995) and actsto reduce plasma
ketones during early lactation (Durand et al.,
1992). Active synthesis of phosphatidylcholine
iIsnecessary for VLDL secretion from rat hepa-
tocytes (Yao and Vance, 1988). Thus supplying
cholinedirectly may enhance synthesis of phos-
phatidylcholineand increase VLDL synthesisor
serve to increase methionine availability for li-
poprotein synthesisto indirectly alter liver trig-
lyceride clearanceasVLDL.

It is well documented that methionine
supplemented in the rumen protected form
increasesmilk protein production (Donkinetal.,
1989; Rulquin and Delaby, 1994) and often
coincidentally increases milk fat coincidentally
(Rulquin and Verite, 1993), although the latter
response is variable. The maximal quantity of
amino acids mobilized during early lactation is
between 15 and 21 kg of body protein (Botts et
al., 1979; Komaragiri and Erdman, 1997) which
amountsto approximately 1 kg of lysineand .22
kg of methionine over 5 weeksor 28 g of lysine
and 6 g of methionine each day. More closely
matching the quantity and pattern of amino ac-
ids supplied in relation to the animal’s needs
(specifically methionine and lysine) during the
transition period may retard the rate of break-
down of labile protein. The potential for cho-
line to spare methionine catabolism may depend
on the supply and profile of amino acids ab-
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sorbed from the small intestine of the dairy cow.
Feeding soy protein diets to growing rats leads
to lipid accumulation that is reduced by the ad-
dition of either choline or methionine (Aoyama
et a., 1992) and suggests potential for control-
ling the severity of fatty liver intransition dairy
cows by modulating postruminal amino acid
supply.

M ethionine, Choline, and Folic Acid

As much as 50% of the methione re-
quired by ruminants must be synthesized through
the remethylation of homocysteine to methion-
ine (Figure 2) and this need may be greater dur-
ing lactation (Xue and Snoswell, 1985ab). It
has been estimated that as much as 30% of the
methionine absorbed by dairy cowsis used for
choline synthesis (Erdman, 1992); therefore, a
potential also exists to improve amino acid nu-
trition of the transition cowsthrough changesin
choline status. Methionine remethylation re-
quireseither betaine or 5-methyl tetrahydrofolate
(5-THF) and is dependent on vitamin B12 (Fig-
ure 2). In sheep, the primary transmethylating
partner in this reaction is 5-methyl
tetrahydrofolate, a form of folic acid. The ad-
equacy of folic acid in lactating and transition
dairy cows should be questioned. There is a
40% decrease in serum folate observed during
the late gestational and immediate prepartum
periods(Girard et a., 1989; Girard et al., 1994).
Thegreatest demand for folicacidin dairy cattle
appearsto beduring gestation (Girard and Matte,
1995) and serum levelsareresponsiveto dietary
supplementation (Girard et al., 1994). Folicacid
may also play arole in modulating methionine
status in the transition dairy cow. Calculations
relative to folic acid use and supply indicate a
dight deficit at DM intakes approximating those
of the transition dairy cow (Donkin, 1997).
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Choline and Carnitine and Fatty Acid
Oxidation

Decreased fatty acid oxidation and
carnitine in liver have been reported due to
choline deficiency (Carter and Frenkel, 1978).
Choline serves as amethyl donor in the synthe-
sis of carnitine from methionine and lysine
(Griffith, 1987). Carnitine is necessary for the
transl ocation of long-chain acyl moieties across
theinner mitochondrial membrane of liver cells.
The addition of carnitine to bovine liver dlice
incubations increased the rate of palmitate oxi-
dation (Drackley et al., 1991) and infusing car-
nitineinto the abomasum of lactating dairy cows
numerically decreased (P = 0.11) plasma non-
esterified fatty acid concentrations (LaCount et
a., 1996). Thereforecholineindirectly may act
to reduce the accumulation of liver lipid by pro-
viding carrnitine to enhance hepatic fatty acid
oxidation.

When Should Rumen-protected Choline Be
Fed?

In addition to its role as a methyl donor
for choline synthesis, methionine may play adi-
rect role in lipoprotein metabolism. The L-me-
thionine added to milk fed to calves stimulates
VLDL synthesis (Auboiron et al., 1995), and
feeding the hydroxy analog form of methionine
increases circulating lipoproteins and milk fat
percentagein lactating dairy cattle. Furthermore,
methionineand lysineinfusionsinlactating dairy
cows reduced plasma ketones during the sec-
ond week of lactation (Durand et al., 1992).
Providing choline may act to spare methionine
catabolism in transition cows. Dietary choline
must be protected from rumen degradation to
beeffective. The supply of methioninefromthe
diet, or rumen bacterial synthesis, folic acid sta-
tus, vitamin B12 status, and potential for fatty
liver developments al play arole is determin-
ing the effectiveness of choline supplementation
in the transition cow.
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Early Sudiesto Evaluate the Potential
Benefits of Choline supplementation

A series of studies performed using ru-
men-protected formsof choline or duodena cho-
line infusions indicate an increase in milk pro-
duction with increased postruminal choline sup-
ply (Erdman and Sharma, 1991). Early studies
examined the degradation of choline in the ru-
men and noted almost complete catabolism of
methionineintherumen (Neill eta., 1979). One
of the early experimentsusing unprotected cho-
line chloride indicated as much as an 8 |b in-
creaseinfat corrected milk production when 50
g/day of cholinewas fed (Erdman et al., 1984).
These data are surprising in light of subsequent
experiments that indicated the complete degra-
dation of choline chloride using invitro incuba-
tions (Sharma and Erdman, 1989). However
animal differences, differences in basal diets,
level of intake, and experimental design may
have influenced the outcome of these early tri-
als. More consistent response to choline is ob-
served when supplied postruminally via infu-
sions or the rumen-protected form although the
effect(s) are not always consistent or repeatabl e.
A summary of the effects of choline on milk pro-
duction and composition are presented in Table
1. Cholineincreased milk yieldin4 of 7 studies
when choline was infused abomasally or fed in
the rumen protected form. The maximum re-
sponse in milk production was 7 Ib/day (from
47.3 to 54.3 |b/day) and 8.4 |b day for fat-cor-
rected milk yield (Sharma and Erdman, 1989).

Effects of Rumen Protected Cholinein
Transition cows

Four separate studies that have ad-
dressed the potential for using rumen protected
choline to improve health and productivity of
transition dairy cows and have been reported as
either peer reviewed publications (Hartwell et
al., 2000; Hartwell et a., 2001) or in abstract
form (Piepenbrink and Overton, 2000; Siciliano-
Jones and Putnam, 2000; Vazquez et al., 1999).

All studiesused Reashureé™, arumen-stablecho-
linemanufactured by Balchem Corp. (SlateHill,
NY). Atleast onetreatment for each study included
60 g/day of the product. A summary of the high-
lightsof thesedatais presentedin Table 2.

Milk production was improved with ru-
men protected cholinefeeding intwo of thethree
studies reported. One of the trails (FI and BC)
was a field study and rumen-protected choline
increased milk production in one-half of the six
herds used in the trial (Putnam, 2001). While
these data suggest a benefit to the inclusion of
rumen-protected choline, information is not yet
complete on the mode of action of choline or
feeding conditions and management factorsthat
complement its use. It is noteworthy that the
percentage increase in milk production during
the first 56 to 60 days of lactation is similar for
the Purdue and FARME Institute / Balchem
study (106% of control) and isof asimilar mag-
nitude of response to the early choline feeding
studies (Table 1).

Rumen protected cholineisbeneficia for
transition cows fed 10% rumen degradabl e pro-
tein (RDP) and 4.0% rumen undegradable pro-
tein (RUP) (% of dietary DM), but it decreased
milk productionin cowsfed 10% RDP and 6.2%
RUP during the prepartum period (Hartwell et
a., 2000). Liver fatty acid oxidation is not
altered by rumen protected cholinealthough liver
triglycerides may be reduced with rumen pro-
tected choline in some instances (Piepenbrink
and Overton, 2000). The latter suggests an in-
creaseintriglyceride export to reducefatty liver
in transition cows fed rumen protected choline.

Studies at Purdue University have dem-
onstrated the negative effects of feeding
increased protein to transition cows and the
carryover effects on feed intake post-calving
(Greenfield et a., 2000; Hartwell et al., 2000).
It is well established that over conditioning at
calving leads to decreased production and
reduced postpartum intakesand increased severity
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of fatty liver (Reidet d., 1986). Rumen protected
cholineserved toreduceliver lipidindairy cows
when prepartum body condition scorewas 3.75 or
greater and high protein diets(10% RDPand 6.2%
RUP) werefed prepartum (Hartwell et al., 2000).
Onthisbasis, targeted supplementation with rmen
protected cholineisrecommended even for mod-
erately over conditioned cows (3.8 body condition
score) during thetrangition period (-28to +28 days
relativeto calving. Theresponseto rumen pro-
tected choline may vary depending on protein
sourcesof thebasal diet, energy concentrationin
thetrangtiondiet, yield of microbid protein, methyl
donorsfor theremethylation of methionine, and sup-
ply of vitamin B12 andfolicacid.

Summary

Rumen protected choline holds promise
for modulating metabolism in transition cows
to reduce incidence and severity of fatty liver at
calving (Figure 3). The milk production
response to rumen-protected cholineis5to 7 Ib
day during the first 56 to 60 days of lactation.
Thefrequency of asignificant positive milk pro-
duction response to rumen-protected cholineis
observed in 50% of the studiesconducted. Meta-
bolic responsesto rumen-protected choline have
been equivocal. A predictable response to
rumen protected cholinefeeding may depend on
the basal diet, supply of other B vitamins and
related factors, and other management factors,
including the body condition score of cows en-
tering the transition period.
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Table 1. Summary of reported response to rumen protected choline feeding in transition cows.

Percent of Control*

Experiment DMI Milk FCM % Milk Fat % Milk Protein
Sharma and Erdman (1989)?

Experiment 1 (50 g/day)? 106 114+ 122+ 113 97
Experiment 2 (60 g/day) 102 97 106 104 101
Experiment 3 (40 g/day) 98 105* 104 98 98

Erdman and Sharma (1991)*
Experiment 1 (51 g/day) 100 102 105 101 98
Experiment 2, 13% CP (57 g/day) 104 110* 101 87 99
Experiment 2, 16.5% CP (58 g/day) 98 106* 100 91 98
Grummer et al., 1987, (22 g/day)? 97 102 100 93 98

Percent of control:the mean value of the appropriate control within each experiment. DMI = dry

matter intake and FCM = fat-corrected milk.
2Abomasal choline infusion
3Level of supplement choline

“Feeding rumen protected choline (Showa Denko, Tokyo).
* Reported means differ statistically (P < 0.10).
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Table 2. Summary of reported response to rumen protected choline feeding in transition cows.

Trial Location

Parameter PU? Ccu? LSU?® FI & BC*
Prepartum intake, |b/day

Control 28.4 28.1 23.3 NR®

60 g/day RPC® 21.7 274 23.3 NR
Postpartum intake, |b/day

Control 50.8 40.4 51.7 NR

60 g/day RPC 49.1 40.2 51.7 NR
Milk yield, Ib/day (0 to ~ 60 days)

Control 84.9 86.6 NR 76.6

60 g/day RPC 90.6* 88.4 NR 82.9*
Liver lipid, % of DM

Control 8.2 9.9 ND2 ND

60 g/day RPC 11.4 8.3 ND ND
Liver glycogen, % of DM

Control NR 0.79 ND ND

60 g/day RPC NR 1.12* ND ND

'Purdue University; Hartwell et al. (2000, 2001). Datafor 14.1% CP, 4.0% rumen undegradable
protein (DM basis) and 60 g/day rumen protected choline product for 0 to 56 daysin milk

2Cornell University; Piepenbrink and Overton (2000); Overton et al. (2000).

3Louisiana State University; Vazquez et al. (1999).

“F.A.R.M.E Institute and Balchem Corp.; Siciliano-Jones and Putnam (2000).

SRumen protected choline as Reashure™, Balchem Corp., Slate Hill, NY.

3R = Not reported, ND = not determined.

* | ndicates means differ based on reported values.
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Figure 1. Chemical structure of choline (left) and phosphophtidyl choline (right). The boxed area
indicates the portion of phosphophtidyl choline that is derived from choline. The synthesis of choline
potentially consumes 3 methionine as a donor for methyl (CH,) groups.

Methionine > S-adenosyl methionine (SAM)
THF Dimethy! Phosphatidylethanolamine
Vitamin B, Phosphatidylcholine
Betaine ¢ Choline
5-methyl Homocystein v
THF ) S-adenosyl homocysteine

Vitamin By l

Cystathionine

Vitamin By l

Cysteine

Figure 2. Therelationship between methionine, choline, folate, and betaine. The methyl donor (SAM)
is synthesized from methionine and is used to transfer a methyl group, in the formation of phosphati-
dylcholine. Once SAM donates amethyl group it becomes S-adenosyl homocysteine, which is metabo-
lized to homocysteine. Homocysteine can be converted to methioninein areaction that requires methyl
tetrahydrofolate (THF) and vitamin B-12. Alternately, betaine (ametabolite of choline) may be used as
the methyl donor for the conversion of homocysteine to methionine. The primary methyl donor for the
regeneration of methionine from homocysteine in ruminants is 5-methyl THF (Xue and Snoswell,
1985ab).
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muscle//
liver ,_%

ATP (energy)

adipose

Fatty liver

Figure 3. Proposed mechanism of choline action in lactating dairy cows. Adipose tissue lipolysis
results in the release of nonesterified fatty acids (NEFA) into blood. the NEFA extracted by liver are
either esterified to triglyclycerides (T G) or partially oxidized to ketones to provide energy (ATP) for
liver metabolism. Ketonesare released into blood and further oxidized by muscle. Alternatively, liver
TG can be stored as droplets (fatty liver) or packaged into very low density lipoproteins (VLDL) and
exported into blood. Choline may affect the synthesis of the apolipoprotein components of VLDL to
increase TG export from liver or the metabolism of ketones by peripheral tissues. The solid lines
indicate locations where choline may act to modify lipid metabolism.
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Jgunal Hemorrhage Syndrome

Lowell T. Midlat
Department of Veterinary Preventive Medicine
The Ohio Sate University

Abstract

Jgjunal hemorrhage syndrome (JHS) is
an acute severe enteric disease of mature dairy
cows. Typically, a distinct segment of the
jejJunum of affected animals is obstructed by
clotted blood. Despite medical or surgical
intervention or a combination thereof, the case
mortality rate is very high. While there are
previous reports of JHS, the incidence has in-
creased inrecent years. Clostridiumperfringens
typeA has been implicated to beinvolved in the
development of the disease, though this has not
been conclusively demonstrated. Possible risk
factorsfor the development of JHSincludelevel
of DM intake, total mixed ration (TMR) feed-
ing, subacute rumen acidosis, acute rumen aci-
dosis, nutritional or other changes|eadingtoin-
creased levels of carbohydrate in the small in-
testine, presence of Clostridiumperfringenstype
A in feedstuffs, parity, stage of lactation, herd
Size, breed, and season.

I ntroduction

Since JHS is an emerging disease, the
terminology is not yet well established. Syn-
onymsinclude“intraluminal hemorrhage of the
small intestine”, “intraluminal intestinal hem-
orrhage syndrome”, “hemorrhagic bowel syn-
drome”, and “ acute hemorrhagic enteritis of the
small intestine”. A survey (Goddenet al., 2001)
of Minnesotabovine practitioners reveal ed that
between 50 and 59% of respondents (the “sur-
vey” wasactually two surveys- oneby mail and

one at the annual conference of the Minnesota
Veterinary Medical Association- thusthe range
of responses) had diagnosed at | east one case of
JHS during the preceding 12-month period. Be-
tween 40 and 56% of the respondents reported
the diagnosis of multiple cases in individual
herds. According tothe samereport, veterinary
diagnostic laboratories in New York, Pennsyl-
vania, Washington, Wisconsin, Minnesota,
Colorado, Illinois, and lowa have reported a
sharp increase in the number of cases of JHS
submitted for evaluation.

The cause of JHS remains unknown. A
bacterium, Clostridium perfringenstypeA, has
been isolated from the affected area of the in-
testine of a substantial fraction of cases. How-
ever, Clostridium perfringenstype A is present
inthejgjunum (small intestine) of all adult cattle
and is well known to proliferate rapidly post-
mortem. The risk factors for the development
of JHS are likewise unknown. Nutritiona as
well asother factorsare suspected to beinvolved
in the devel opment of the disease.

The Disease Syndrome
Clinical Sgns

Jgjuna hemorrhage syndromeisan acute
to peracute disease. Affected animals may be
found dead with no prior abnormal signs. Clini-
cal signs that have been observed in affected
animals (Godden et al., 2001; Kirkpatrick et al .,
2001; St. Jean and Anderson, 1999) include:

!Contact at: 1050 Milford Avenue, Marysville, OH 43040, (937) 642-2936, FAX (937) 642-3278 Email: midla.1@osu.edu
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Acute anorexia

Acutely decreased milk production

Dehydration

Shock

Pale mucous membranes

Abdominal distension

Colic

Bruxism

Weakness / recumbency

Rectal temperature is generally normal

to decreased.

Simultaneous auscultation and percus-

sionmay reveal a“ping”’ ontheright side

of the abdomen.

¢ Succussion (simultaneous auscultation
and ballotment) may reveal a fluid
“dosh” ontheright side of the abdomen.

¢ Fecal output may be decreased or cows
may have diarrhea. Feces may be black
(melena) or contain frank blood or blood
clots.

¢ Rectal examination may reveal intesti-

nal distension.
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Treatment

Treatment is generally unrewarding.
Surgical intervention is the treatment of choice
(St. Jean and Anderson, 1999). However, even
with resection of the affected area and anasto-
mosis of apparently healthy jejunum, animals
often do not recover. This may be due to de-
creased viability of the bowel (even though it
appears to be healthy) at the anastomosis site,
ongoing decreased intestinal motility following
surgery, or other factors. Medical treatment
alone has generally been unsuccessful. The
prognosis for an affected animal is grave.

Necropsy Findings

The characteristic post-mortem finding
isadistinct section of jejunum (variableinlength
but typically two to six feet of intestine affected)
that ismoderately to severely distended and dark
red to purple. The affected area contains clot-
ted blood that is obstructing the passage of in-

gesta. More than one such areamay be present
in the intestine of some cases.

Epidemiology

The morbidity rate (fraction of animals
affected with the disease) on farms where the
disease occursisgenerally lessthan 1 to 2% per
year. However, there have been outbreaks on
individual farms with several animals simulta-
neously affected or affected over the course of a
few days. The syndrome may be underreported
due to the fact that a necropsy examination is
not performed on all cowsthat die acutely onall
farms. Indeed, the association between larger
herd size and JHS may simply be an artifact of
the greater likelihood that an animal that dies
suddenly will be necropsied on a larger dairy.
The mortality rate (fraction of animalsthat die)
among affected animal s approaches 85 to 100%
(Kirkpatrick et al., 2001).

The results of the survey of Minnesota
bovine practitioners (Godden et al., 2001) sug-
gested that the following may berisk factorsfor
the development of JHS:

¢ Parity: much greater frequency of JHS
in second lactation or greater cows

¢ Stage of lactation: greater frequency of
JHS in cowsin early lactation

+ Season: greater frequency of JHSin fall
and winter

¢ Herd size: greater frequency of JHS in
larger herds

¢ Feeding management system: greater
frequency of JHSin herdsfedaTMR

However, the authors cautioned that the
survey should only be considered a first step
toward identifying possible risk factors deserv-
ing of further investigation.

Pathogenesis

ClostridiumperfringenstypeA has been
associated with JHS. In areview of cases pre-
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sented to the Veterinary Diagnostic Laboratory
at the University of Minnesota between 1999
and 2000 (Godden et al., 2001), Clostridium
perfringens type A was isolated from 19 of 22
cases. Kirkpatrick et al. (2001) stated that
“ Suspect JHS cases presented to the lowa State
University Diagnostic Laboratory have
consistently yielded Clostridium perfringens
typeA in high numbers.” However, Clostridium
perfringenstypeA is ubiquitous both in the en-
vironment and in the gastrointestinal tract of
cattle (Songer, 1999). The organism prolifer-
ates rapidly post-mortem. Thus, while
Clostridium perfringenstypeA hasbeen isolated
post-mortem from clinical cases of JHS, thisis
not sufficient evidence to establish that the or-
ganism plays arole in the pathogenesis of the
disease.

Researchers (Ivany et al., 2001)
attempted unsuccessfully to reproduce the
syndrome by inoculating Clostridium
perfringens type A organisms recovered from a
clinical caseinto the abomasum and the jgjunum
of cows. It is possible that other factors (for
example, intestinal hypomotility in an area of
thejgjunumwith atransiently high level of avail-
able luminal carbohydrate) are primarily
involved with subsequent opportunistic
Clostridium perfringens type A proliferation,
leading to the acute pathology characteristic of
the syndrome.

Nutritional Factors Related to Jgjunal
Hemorrhage Syndrome

Dry Matter

The owner of the herd studied by
Kirkpatrick et al. (2001) expressed the opinion
that all affected animals were “aggressive
eaters’. Evidenceto support the hypothesisthat
DM intake is arisk factor is indirect. In that
study, there was an association between milk
production and JHS. Also, JHS is generally
much more common in second lactation and
greater cowsthaninfirst lactation cows. Higher
levels of DM intake would be expected in both

69

cows with higher levels of milk production and
individuals of greater than first lactation status.

Feeding of a TMR

The Minnesota survey (Godden et al.,
2001) found that a higher percentage of affected
herds were fed a TMR than fed component ra-
tions (83 versus 17%). Thesignificanceof TMR
feeding as arisk factor is enhanced by the fact
that only approximately 38% of the herds in
Minnesota at the time of the survey were fed a
TMR.

The herd studied by Kirkpatrick et al.
(2001) adso fedaTMR. In that study, the long
fiber fraction of the TMR as measured using a
Penn State particle separator was 11.1% (top
screen). However, when the TMR refusal was
analyzed, the long fiber fraction was 23.4%,
suggesting that some degree of sorting was
occurring. Thelow morbidity of HSisrelevant
inthat it isadisease of individuals. Assuch, it
ispossiblethat individual cowsthat tend to sort
aTMR may be at increased risk for developing
the disease. Additionaly, in the same herd, on
days —4 and -3 prior to an outbreak of JHS in
which there were four individuals affected, the
long fiber fraction of the TMR dropped to 6%.

Acidosis

Clostridial organisms that inhabit the
rumen of animals that are chronically exposed
to diets that lead to low or transiently low
rumen pH become adapted to survive at alower
pH than “normal” clostridia (Songer, 2002). |If
an event occurs that acutely increases the rate
of passage of ingestaout of therumen, thenthese
bacteriamay flow out of the rumen and survive
passage through the abomasum. It is possible,
therefore, that subacute rumen acidosis may be
arisk factor for the development of JHS.

Kirkpatrick et al. (2001) found no evi-
dencethat subacute rumen acidosiswasinvolved
in the pathogenesis of JHS in the herd studied.
However, following the feeding of corn silage

April 16 & 17, 2002

“7, Tri-State Dairy Nutrition Conference



70

that had only been ensiled for oneweek, the herd
experienced an outbreak. Such afeedstuff would
be expected to have a tendency to cause rumen
pH to drop. Nevertheless, introduction of such
a feedstuff would also tend to have multiple
effectsin addition to lowering rumen pH.

Soluble carbohydrate levels, effective
fiber levels, and other factors are important
determinants of rumen pH. It may be that
subacute rumen acidosis does not lead to JHS
but that other factors put an animal at risk of
developing both diseases. For example, as ef-
fectivefiber levels decrease, both the pH of the
rumen will change and the nature and quantity
of carbohydrate presented to the jggunum will
change.

Organism Present in the Feedstuff

Two outbreaks of JHS in the herd
studied by Kirkpatrick et al. (2001) occurred
coincident with feeding alfalfahaylage from an
upright silo. Alfalfa haylage was the only
forage tested on the farm from which
Clostridium perfringens type A was isolated
microbiologically. No outbreaks occurred dur-
ing times when alfalfa haylage was not in the
ration or when the haylage used had been stored
in plastic bags. Notwithstanding the ubiquitous
nature of the organism, it is possible that the
presence of Clostridium perfringenstypeAina
feedstuff may be arisk factor for the develop-
ment of JHS.

Summary

Jejunal hemorrhage syndrome is an
emerging disease of dairy cattle. Duetothera
pidity with which cows succumb to it and the
rapidity with which the Clostridium perfringens
type A organism proliferates post-mortem, de-
termining therole, if any, of thisorganisminthe
pathogenesi s of the disease may prove difficult.
While some nutritional risk factors for the de-
velopment of the disease are suspected, much
remains to be learned. Given that, at present,

the disease cannot be reproduced for study and
the sporadic nature of it, cooperation between
those in the field (dairy farmers, nutritionists,
veterinarians, and others) and the researchers
studying it will be essential toward elucidating
the etiopathogenesis of the disease.
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Optimal Protein and Energy Levelsfor Heifers

Brian Lammers”, Matt Gabler™, and Jud Heinrichs™
"ADM Alliance Nutrition, Inc., Archer Daniels Midland Company
“"Department of Dairy and Animal Science, The Pennsylvania Sate University

Abstract

Current NRC (2001) metabolizable pro-
tein (MP) requirements for dairy heifers were
developed with data from slaughter trials done
with beef heifers from the 1970's. The use of
the beef heifer data from the 1970’s to deter-
mine MPrequirementsisinvalid giventhelarge
differencein genetics compared with current rap-
idly growing dairy heifers. Furthermore, the MP
supply is determined by estimates of microbial
protein production and bypass protein flows to
the small intestine, which are affected by many
nutritional and management factors and can not
be accurately predicted. Thus balancing heifer
rations based on MP is inaccurate and leads to
rations with an insufficient quantity of protein.
However, the protein needs of the heifer can be
estimated with an alterative method, the dietary
crude protein to metabolizable energy (CP:ME)
ratio. Thedietary CP:ME ratio needs of therap-
idly growing heifer ismore afunction of growth
rate than body weight (BW) and will vary little
from weaning to calving. Several nitrogen bal-
ance and performance studies have been con-
ductedinthelast fiveyears. These studieshave
consistently shown the benefits of feeding a
ration to heifers with a dietary CP.ME ratio of
63 to 70 (g/1.0 Mcal).

I ntroduction

It is well known that increased caloric
or energy intake in growing heifersleadsto in-

creased growth rates. However, if adietary de-
ficiency occurs in protein or any vitamin and
mineral in the rapidly growing heifer, the utili-
zation efficiency of the consumed energy will
bereduced. Mineral and vitamin supplementa-
tion is relatively inexpensive compared to pro-
tein, which allows for small amounts of vita-
mins and minerals to be over-supplemented to
prevent possible deficiencies. Furthermore, the
absorption and metabolism of mineralsis more
simplistic than protein. Providing the correct
level of protein supplementation iscomplex but
can be estimated by evaluating the response of
heifers to differing levels of protein in various
research models.

Crude Protein Versus M etabolizable
Protein in Formulating Heifer Rations

Meeting the protein needs of the grow-
ing heifer is essential to her structural develop-
ment and feed efficiency, but the protein needs
can be hard to estimate and over-supplementa
tion is expensive. Indeed, the growing heifer
hasarequirement for MP, whichisthe predicted
quantity of protein absorbed by the heifer at the
small intestine. To meet and balance a heifer’s
diet for her MP requirement, one must predict
the MP supply or quantity of microbial protein
and bypass protein available at the small intes-
tine. However, it can be difficult to determine
these protein flowsto the lower tract. Thereare
several reasons why attempts that have been
made to accurately model or predict microbial

!Contact at: 401 E. Grand River Ave., P). Box 260, Portland, M| 48875, (517) 647-4155, FAX : (517) 647-6054,
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and bypass protein availability at the small in-
testine have failed. First, microbes in the ru-
men utilize carbohydrates and rumen degradable
protein to produce their own microbial protein.
The diet of the young heifer has more ferment-
able carbohydrates and lessforage than the ol der
heifer. The increased dietary concentration of
non-fiber carbohydrate is stimulatory to micro-
bial growth but can also lead to alower ruminal
pH, which can depress fiber digestibility, mak-
ing it difficult to predict the quantity of micro-
bial protein production. Furthermore, as the
heifer matures, passage rates of feed leaving the
rumen decrease, leading to increased digestion
of carbohydrates and protein in the rumen and
more microbial protein production. Passage
rates change substantially and areimpossibleto
predict accurately in the young heifer. Without
accurate equationsto predict passageratesinthe
heifer, it is difficult to estimate microbia pro-
tein production and subsequent M P supply.

The DM intake by the heifer is also
needed to predict the amount of substratesavail-
able for microbia protein production and by-
pass protein, thereby allowing us to model the
quantity of MP available to theanimal. Lastly,
thefarm feeding program and ration ingredients
can have alarge effect on the passage of micro-
bial and bypass protein to the small intestine.
Many different types of forage and feeding pro-
grams exist along with limited and ad libitum
feeding situations. Thesefeeding programscan
vary greatly in the quantity and quality of by-
pass protein, which affects the balance of the
amino acids delivered to the small intestine and
the utilization efficiency of MP. Thus, the pre-
diction of a heifer’s protein requirements and
bal ancing dietsto meet those requirements based
on MPwill be difficult given the changing diet
and physiology of growing heifers, uniquefarm
feeding programs, and lack of subsequent heifer
DM intake information.

Dietary Protein to Energy Ratio

Even though balancing diets based on
MPisnot practical, we can estimate the protein
needs of the heifer with an alternative method
by evaluating the diet for the protein to energy
ratio. As heifers mature, they require aless nu-
trient dense diet, allowing for increased fiber
consumption and lower non-fiber carbohydrate
and protein levels. Therate of decline in nutri-
ent density needed by the growing heifer for
energy and protein isvery similar. In fact, the
ratio of CP.ME ismoreafunction of rate of gain
than BW (Preston, 1966). Furthermore, research
recommends an age at first calving of 22 to 24
months (Heinrichs, 1993), requiring a rate of
gain from 6 months of age until calving near 1.8
Ib/day. Thus, the CP:ME ratio will be similar
for heifersof all ages.

Formulating dietswith abalance of pro-
tein and energy isnot anew concept, having been
used asfar back asthe 1950'sto evaluate heifer
protein requirements. Severa studies evaluat-
ing the heifer’s protein needswere conducted in
the 1960's and 1970’s, while only a couple of
studieswere conducted inthe 1980'sand 1990’s.
The studies that were conducted in the 1960's
and 1970's evaluated the protein needs of the
weaned calf. Thus, you may ask two guestions,
namely where do the requirementsfrom the 2001
Dairy NRC originate and how do we estimate
the requirements of older heifers? The answer
would be that the 2001 Dairy NRC utilized the
1996 Beef NRC equations, which are based on
asingledaughter trial conducted with beef heif-
ers, not dairy heifers. Additionaly, the beef
heifer datawas published 20 years ago (Garrett,
1980) and clearly does not represent the body
composition or metabolism of theHolstein heifer
from the new millennium. Not surprisingly, the
protein requirements for Holstein heifersin the
2001 NRC (2001) are low.
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We became interested in evaluating the
dietary CP:ME ratio needs of growing heifers
when we noticed discrepanciesin the 1989 and
2001 Dairy NRC. The2001 Dairy NRC protein
requirements for growing heifers from 2 to 6
months of ageis 14 to 19% and 10 to 12% for
heifers older than 6 months of age. The subse-
guent CP:ME ratios are 64 to 87 for heifers
younger than 6 months of age and 48 to 55 (g/
1.0 Mcal) for heifers older than 6 months of age
(NRC, 2001). We hypothesized that identifying
an optimal ratio of protein to energy would in-
crease the utilization efficiency of nutrientsand
improve structural growth rates.

Given the synergistic nature of protein
and energy utilization in the rumen, CP.ME ra
tios appear asameansby which dietary require-
ments can be formulated to recei ve optimum uti-
lization of nutrients and growth. Utilization of
nutrients has been studied by two methods, ni-
trogen balance and performance studies. Nitro-
gen balance studies measure the quantity of ni-
trogen consumed and excreted to estimate the
guantity of nitrogen retained by the animal.
Whereas, performance trials can be used to de-
termine the dietary profile where the least
amount of feed is required to produce the rec-
ommended rate of gain, while maximizing rates
of structural growth.

Nitrogen Balance Sudies

The two purest methods of determining
protein requirementsfor aheifer areto perform
slaughter or nitrogen balance trials. In anitro-
genbalancetrial, increasing levelsof protein are
fed and the quantity of nitrogen retained by the
animal is measured. When the quantity of re-
tained nitrogen plateaus, the dietary protein re-
quirements have been met. Two recent nitro-
gen balance studies were conducted at Cornell
(Marini and Van Amburgh, 2001) and Penn State
(Gabler et al., 2001). Both of these studieswere
conducted with young heifers. Inthe Penn State
study, heiferswerefed atraditional cornand al-
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falfasilage diet at 2.0% of BW; whereas, heif-
ersin the Cornell study werefed adiet at 2.2%
of BW containing acomplete pelleted feed with-
out roughage.

The Cornell researchers reported that
retained nitrogen plateaued and protein require-
mentswere met with dietary CP.ME ratio of 70
(¢/1.0 Mcal). However, on a more traditional
diet, wefound that retained nitrogen peaked be-
tween adietary CP.ME ratio of 63 and 68 (g/1.0
Mcal). Possible explanations for the discrep-
ancy between the two university trials could in-
clude the differences in diets being fed (tradi-
tional forage based diet versus pelleted diet), the
higher DM intake of the heifers on the Cornell
study (2.2 versus 2.0% of BW), and a higher
growth rate for heifers in the Cornell study,
which would raise their protein requirement on
a CP:ME ratio basis compared with the heifers
in the Penn State trial.

Growth Rates, Feed Efficiency, and
Sructural Growth

Another method that can be used to
evaluate the protein requirements of a heifer is
via performance trials. In performance trials,
growth rates and feed efficiencies are evaluated
in response to increasing levels of dietary pro-
teinwith al other variablesheld constant. Some
trials have also recorded changes in structural
growth and body condition for the different pro-
tein levels. Most of these studies have been
conducted recently.

We conducted two trials with two dif-
ferent ages of heifers and differing protein lev-
elswithin each trial while maintaining all other
variables. Inthefirst trial, heifers were fed di-
ets with CP:ME levels of 46, 54, and 61 (g/1.0
Mcal) from 7 to 11 months of age (Lammers
and Heinrichs, 2000). Wefound alinear increase
ingrowth ratesthrough the highest protein level.
Subsequent to thistrial, wefed heifersfrom 4 to
9 monthsof agealarger range of dietary CP:-ME
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levelsof 48,59, 68, and 77 (g/1.0 Mcal) (Gabler
and Heinrichs, 2001). In the later trial, we were
more interested in the effect of nutrient utiliza-
tion than rate of gain, and we controlled rate of
gain with the amount of feed offered, which
minimized arate of gain response. In this sec-
ond trial, we found that efficiencies of growth
were maximized near 63 grams of CP per Mcal
of ME. Furthermore, at ADM Alliance Nutri-
tion, we conducted a similar study with dietary
CP:ME ratios of 64 and 72 (g/1.0 Mcal) and
found no advantage in average daily gain with
the higher protein diet compared to the lower
diet (unpublished). Collectively, our data sug-
gest that growth rates can be increased with di-
etary CP:-ME ratiosup to 63 but plateau at higher
CP:ME ratios.

Feed efficiency is an effective method
of evaluating the effects of protein supplemen-
tation on utilization efficiency of dietary energy.
In fact, improvements in feed efficiency alow
for increased rate of gain and structural growth.
In our studies conducted at Penn Stateand ADM
Alliance Nutrition, we found that feed efficiency
was optimized near adietary CP:-ME ratio of 65
(9/1.0 Mcal) (Figure 1). Improved feed effi-
ciency results in optimal growth and develop-
ment of the heifer and decreased feed costs and
nutrient excretion.

When heifers are fed a diet that is sub-
stantially deficient in protein, one can often vi-
sually observe heifers that are short in stature
and have excess body condition. By monitor-
ing structural growth rates of the heifer, we can
determine if sufficient protein is being fed to
maximize lean tissue growth. Inthetrials con-
ducted at Penn State and ADM Alliance Nuitri-
tion, we found that wither and hip heights were
maximized with a CP.ME ratio near 70 (g/1.0
Mcal) (Figure2). However, theincreasein struc-
tural growth below 63 was more rapid than be-
tween 63 and 70 (g/1.0 Mcal).

The growth rates and feed efficiencies
observed in these performance studies indicate
the need for balancing growing heifer rations
with a CP.ME ratio of 63 (g/1.0 Mcal). Fur-
thermore, the improvements in feed efficiency
offset the additional cost of the supplemental
protein, thereby allowing the grower to feed the
heifer for optimal efficiency, maximal structural
development, and future profitability without
additional costs.

Dietary Protein to Energy Ratio and
Mammary Development

Mammary devel opment in Holstein heif-
ersundergoesallometric or rapid growth from 4
until 11 months of age. This prepubertal allom-
etric mammary growth phase is critical to fu-
ture mammary secretory tissue growth. It could
be described as the foundation from which the
mammary secretory tissue will grow after pu-
berty and during pregnancy. During thisallom-
etric growth period for mammary secretory tis-
sue, it has been shown that accelerated heifer
growth rates can decrease mammary secretory
tissue devel opment and subsequent milk produc-
tion.

Researchers from the USDA evaluated
the effects of accelerated prepubertal growth
ratesof 2.1 1b/day and dietary CPlevelsof 16 or
22% on mammary development and subsequent
milk production (Capuco et a., 1995). They
found that the heifers fed the high protein diet
had increased DNA and RNA content of the pa-
renchymal tissue by 70 and 59%, respectively,
and the epithelial tissue occupied 67% more of
the mammary parenchymaat puberty. However,
the dietary protein level had no effect on first
lactation milk yield.

Someresearch studiesthat have reported
adrastic decrease in mammary development or
subsequent milk production due to accelerated
prepubertal heifer growth rates were consider-
ably low indietary protein. Furthermore, recent
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studies have not observed the earlier drastic de-
creases in mammary development or milk pro-
duction due to accelerated prepubertal growth
rate when an adequate level of dietary protein
was fed. In our studies, we found that acceler-
ated prepubertal heifer growth ratesof 2.20 ver-
sus 1.54 |Ibs/day only decreased first lactation
milk production by 7% when a dietary CP-ME
ratio of 60 (g/1.0 Mcal) was fed (Lammers et
al., 1999).

L ogic suggeststhat if body composition
or protein and fat accretion rates change in the
heifer that is protein deficient, a protein defi-
ciency would also likely affect the devel opment
of the mammary secretory tissue. The growth
rates of many tissues of the heifer’s body are
influenced by amilieu of hormones, which have
been shown to beresponsiveto levelsof dietary
protein. Thusadiet that is deficient in protein
may adversely affect mammary development,
especialy in the rapidly growing prepuberta
heifer whose mammary development is particu-
larly sensitive to these hormones.

The reduction in milk production from
accel erated prepubertal growth rates can be sub-
stantial and costly. Additionally, heifersthat are
fed aration that has alow protein to energy ra-
tio may be at greater risk for impairments in
mammary development. Until more informa-
tion becomes available, we recommend feeding
prepubertal heifers for a moderate growth rate
to prevent any inhibitory effects on mammary
development and sufficient dietary protein to
energy ratio to meet the nitrogen balance and
performance needs of the heifer, whichislikely
linked to optima mammary devel opment.

Recommendations

Becausethe CP:ME ratio for aheiferis
more afunction of growth rate than BW, therec-
ommended dietary CP:ME ratio does not change
much from 4 months of age until a month prior
to calving. After 4 months of age, the heifer
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should be fed and managed to grow at rates of
1.8 Ibs/day. Thus to optimize the efficiency of
nutrient utilization and structural growth, we
recommend feeding adiet with adietary CP:-ME
ratio of 63 (g/1.0 Mcal) from 4 until 10 months
of age, which is summarized in the Table 1.
After 10 months of age, no data exist regarding
the optimal CP:ME ratio except for the NRC
(2001) recommendations, which are based on
beef heifer dlaughter data. However, given what
we know about the protein needs of the heifer
and CP:ME ratio, we can extrapol ateto the year-
ling heifer. Yearling heifers have slower rumen
passage rates and higher ruminal organic matter
digestibilities, which would allow the rumen
microbesto produce more microbial protein per
unit of feed versus a young heifer. Thus as a
heifer matures beyond 10 months of age, her
CP:ME ratio requirement may decrease slightly
and possibly reach a dietary CP.ME ratio of 60
(9/1.0 Mcal) at 22 months of age.

Summary

Balancing diets of dairy heifers for MP
isnot practical given thedifficulty in predicting
the flow of microbia protein and bypass pro-
teintothesmall intestine. Microbial protein and
bypass protein flows to the small intestine and
MP cannot be accurately predicted nor balanced
in the ration due to the changing diet and physi-
ology of the growing heifer, unique farm feed-
ing programs, and lack of subsequent heifer DM
intake information. The protein needs of the
heifer can be estimated by evaluating the dietary
CP:-ME ratio. Thedietary CP:-ME ratio is more
a function of growth rate than BW. Thus, the
dietary CP:ME ratiowill changevery littlefor a
growing heifer.

Nitrogen bal ance studies have been used
to estimate the point where protein needs of the
heifer are met. These nitrogen balance studies
have shown that protein utilization plateaus be-
tween adietary CP:ME ratio of 63 to 70 (g/1.0
Mcal). Performance studieshave a so been con-
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ducted to evaluate the effects of CP:ME ratios
on growth rates, feed efficiency, and structura
growth. Heifer nutrient utilization and struc-
tural growth rateswere optimized with adietary
CP:ME ratio of 63 (g/1.0 Mcal). Theimproved
nutrient utilization or feed efficiency offsetsthe
increased cost of supplemental protein. Addi-
tionally, heifers that are fed aration that has a
low protein to energy ratio may beat greater risk
for impairmentsin mammary development that
can occur in rapidly growing heifers between 4
and 11 months of age.

Because the improved feed efficiency
offsets the increased cost of supplemental pro-
tein, a heifer grower can feed heifers with the
optimal CP:ME ratio of 63 (g/1.0Mcal) andgain
the benefits of maximal average daily gainsand
structural growth rateswithout additional costs.
For these reasons, we recommend feeding heif-
ers from 4 to 10 months of age a diet that will
support a 1.8 Ibs/day rate of gain and a dietary
CP:ME ratio of 63 (g/1.0 Mcal).
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Table 1. Protein and energy recommendations for Holstein heifers.t

Age CP.ME ME NEg CP
(months)  (g/1.0 Mcal) (Mcal/kg)  (Mcallb) (%)

4 63 2.70 (1.23)2 0.53 17.0

6 63 2.60 (1.18) 0.49 16.4

8 63 255 (1.16) 0.47 16.1
10 63 2,50 (1.14) 0.46 15.8
12 62 2.45 (1.11) 0.44 15.2
16 61 2.40 (1.09) 0.42 14.6
18 60 2.35 (1.07) 0.40 14.1
22 60 2.30 (1.05) 0.38 13.8

'CP:ME = crude protein:metabolizable energy, M E = metabolizable energy, and NEg = net energy for
growth.
Numbers in parentheses are ME (Mcal/Ib).
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Figurel. Effect of dietary crude protein:metabolizable energy (CP:ME) ratio on feed efficiency [data
taken from Lammersand Heinrichs (2000), Gabler and Heinrichs (2001), ADM Alliance Nutrition, Inc.
(2999, unpublished), and Bagg et a. (1985)].
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Figure2. Effect of dietary crude protein:metabolizable energy (CP:ME) on structural growth [datataken
from Lammersand Heinrichs (2000), Gabler and Heinrichs (2001), Liboni et al. (2001), and ADM Alliance
Nutrition, Inc. (1999, unpublished)].
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Energy and Protein in the 2001 Dairy NRC:
Challenges for a Ration Formulation Program

Michael J. VandeHaar*
Department of Animal Science
Michigan Sate University

Abstract

The 2001 version of the Nutrient Re-
quirements of Dairy Cattle by the National Re-
search Council (NRC) isasubstantial work and
contributes significantly to the science of nutri-
tionindairy cattle. In my opinion, there are se-
rious problemswith the energy system, but most
of these problems have to do with trying to use
the model in formulating rather than evaluating
diets. Data are lacking for the development of
an accurate system for discounting the energy
value of feedsfed to high producing cows. The
2001 NRC makes a good first attempt at adis-
count system and makes significant improve-
ment in calculating microbial protein yield.

I ntroduction

The word “requirements”, defined
broadly, describesthe amountsand types of feeds
needed to meet the nutrient needs of an animal.
In thisway, requirementsinclude consideration
not only of an animal’s nutrient requirements
but aso of the supply of nutrients an animal re-
ceives from a specific diet. The goals of this
paper are to explain the magjor changes in the
2001 version of the Dairy NRC compared to the
1989 version and to illustrate the challengesin
using the new model for ration formulation, in
contrast to ration evaluation.

At the outset, | want to temper criticism
with praise. | commend the committee respon-

sible for the 2001 Dairy NRC with a job well
done. Their task wasdifficult. They were chal-
lenged to substantiate their model with published
data, yet their resources were limited (time, fi-
nancial support, and data). The new NRC takes
somevery important stepsin moving usforward
toward a better understanding of the complexi-
ties of feeding dairy cattle.

Energy
1989 NRC

The energy system of the 1989 Dairy
NRCisshowninFigurel. Itisrelatively smple
and isbased on afew critical assumptions. The
net energy requirement of an animal is a func-
tion of thelr metabolic body weight (BW), fat-
corrected milk (FCM) yield, BW gain per day,
parity, whether or not they are pregnant, and
whether or not they aregrazing. The supply of
net energy for lactation (NE ) from feedsis a
fixed user-entered value that is based on the to-
tal digestible nutrients (TDN) value of a feed
and considers all animals as eating at 3X main-
tenance intake. The digestibility of all feeds
therefore is discounted at ~8%.

2001 NRC

The energy system in the 2001 Dairy
NRCisshowninFigure2. A comparison of the
two models is given in Table 1, and the major
changes are discussed. Feed energy values are
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directly tied to their composition, so rather than
editing the energy value directly, the digestible
energy (DE) value of afeed at maintenanceisa
function of the amount and digestibility of its
neutral detergent fiber (NDF), protein, fat, and
nonfiber carbohydrate (NFC). The DE values
of digestible carbohydrates, CP, and fatty acids
are 4.2, 5.6, and 9.4 Mcal/kg, respectively. A
value for metabolic fecal energy is subtracted.
The DE value of afeed is used to calculate the
metabolizable energy (M E) and NE, values, us-
ing equations similar to ones discussed in the
1989 NRC.

Aswith the 1989 NRC, a single digest-
ibility discount is applied to each feed within a
diet, but the discount isnot fixed at 8%. Rather,
the digestibility discount in the 2001 NRC is
dependent on feed intake and initial digestibil-
ity. Thediscountisatotal diet calculation, soit
applies equally to all feeds within a diet but
changes depending on the animal eating it. As
intake increases, the energy value of feeds de-
creases. In addition, as the initial digestibility
of the diet increases, the discount per multiple
of maintenance increases, so the depression in
digestibility is greatest for diets with the high-
est fat-free TDN value. In other words, adding
corn (starch) to adiet will increase the discount
so that digestibility isdepressed morefor ahigh
corn grain diet than a high forage diet. Adding
fat will actually decrease the discount because
it replacesfeedsthat contain fat-free TDN. Thus,
the discount cannot be cal culated without know-
ing the total amount and the blend of feeds con-
sumed. The multiple of maintenance for calcu-
lating the discount is afunction of the TDN in-
takeusingthe TDN vauefor an animal at main-
tenanceintake (TDN1X) divided by theamount
of TDN needed for maintenance.

Some energy requirements also are al-
tered. The energy requirements for milk are
dependent on composition of not only fat but
also protein and lactose. Energy requirements
for pregnancy increase with day of gestation.

The energy requirements associated with body
tissue changes are dependent on whether the
changes are associated with growth or with
changes in body condition. Requirements for
growth depend on the phase of growth (size of
an animal relative to its mature size). The en-
ergy for body condition repletion or depletions
depend on the beginning and ending body con-
dition—a one unit change in body condition
scoreisassociated with more energy in afat than
inathinanimal. Grazing increasestherequire-
ment for energy, and precise equations are in-
cluded that are based on the distance acow must
walk per day. This generally increases NE, re-
quirements by 1 to 3 Mcal/day. Interestingly,
however, if the pasture is “hilly”, the require-
ment jumps another 4 Mcal and “hilly” isavery
subjective word.

Protein
1989 NRC

The protein system of the 1989 Dairy
NRC is shown in Figure 3 and Table 2. The
protein requirement of an animal in the 1989
NRC isafunction of their BW, DM intake, milk
protein yield, BW gain per day, parity, and
whether or not they are pregnant.

The supply of metabolizable protein
(MP) frommicrobial proteinisafunction of the
NE, intake of the animal. Microbial crude pro-
tein (MCP) is considered to be 80% true pro-
tein and 80% digestible. The equationfor MCP
yield has a negative intercept, which resultsin
unreasonably low MCPyieldsand thushigh re-
quirements for rumen-undegraded protein
(RUP) in young heifers. The RUP fraction of
proteinisaconstant for each feed and isconsid-
ered to have adigestibility value of 80%.

2001 NRC

The protein system in the 2001 Dairy
NRC is shown in Figure 4 and compared to the
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1989 NRC in Table 2. The protein requirement
of an animal issimilar to that of 1989 NRC, but
the metabolic fecal protein requirement was de-
creased, arequirement for secreted gut proteins
was added, the protein requirement for preg-
nancy increases with day of gestation, and the
protein required for growth or body condition
gain is affected by BW as a percentage of
mature BW and the actual body condition score
of the animal.

The fraction of protein that isRUPisa
function of its protein fractions (A, B, and C)
and the competition of digestion and passagefor
fraction B. All of the C fraction is assumed to
be RUP, and all of the A fraction is assumed to
be rumen-degraded protein (RDP). The RUP
value of the B fraction depends on its digestion
rate (k,, whichisafixed valuefor each feedstuff)
and the passagerate (kp) for thefeed. Feed pas-
sage rates depend on whether the feed is a wet
or dry forage, its NDF concentration, the DMI
of the cow, and the percentage of concentratein
thetotal diet. Inusingthe model, however, you
will discover that the RUP values of feeds are
relatively insensitive to the factors that affect
passage rate. So in the end, this is not much
different than using afixed RUP value for each
feed, asin the 1989 NRC.

A major improvement isthat the percent-
age of RUPthat isdigested isno longer assumed
to be 80% for all feeds but is a fixed value for
each feedstuff. The supply of MPfrom MCPis
afunction of thefat-corrected, discounted TDN
intake of the animal. Asin 1989, MCPis con-
sidered to be 80% true protein and 80% digest-
ible. The equation for MCPyield has no inter-
cept, so it works much better for young heifers.
Finally, the new NRC also considersamino acid
requirements and supply.

Feed Intake

A feed intake equationisincluded. The
equation is based on animal factors (BW, milk
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yield, and days-in-milk) but not feed factors
(Table3). Sofor example, fiber and fat concen-
trations do not ater the prediction for voluntary
feed intake. Predicted feed intake also is not
altered by grazing or growth. Thus, increasing
thework level of acow can greatly increase the
required energy density in the diet if the pre-
dicted intakeisused for formulating adiet (Table
4). The heifer DMI prediction is dependent on
the energy density of the diet, but energy den-
Sty hasvery littleimpact on the prediction within
the range of diets normally fed to heifersin the
US.

Commentson the New System and
Challengesin Using It for a Ration
Formulation Program

Some nutritionists consider the fact that
the new NRC ismore mechanistic to beamajor
improvement. More mechanistic models are
good for teaching about the principles of nutri-
tion and metabolism, but the more important
factor for afield model of nutrition isaccuracy.
Importantly, more mechanistic models are not
always more accurate. All models have some
combination of empirical and mechanistic rela-
tionships, but they are aggregated at different
levels. The important question for any field
model is: Does it work better or not? In the
caseof the Dairy NRC, the new model doeswork
better than the 1989 model as a ration evalua-
tor—in other words, when examining expected
responses in milk to any diet changes. How-
ever, there are some major problems when us-
ing it asaration formulator.

Together the energy and protein require-
ments and the predicted feed intake seem rea-
sonable in the 2001 NRC and are an improve-
ment over the 1989 version (Table 4). Increas-
ing the milk yield of a cow requires diets that
aremore energy and protein dense, with reason-
able plateausfor high-producing cows. For ex-
ample, a cow at maintenance would require a
diet with 0.8 Mcal NE, /kg (0.4 Mcal/lb) and as
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milk yield increased, the required energy den-
sity would movetoward 2.0 Mcal/kg (0.9 Mcal/
Ib). For the maintenance of acow, adiet of 0.8
Mcal/kg that provided 40 g MP/Mcal NE, would
be~5% CP, and asmilk yield increased, the diet
would movetoward 19% CP (assuming reason-
able values for RUP). In the new NRC model,
grazing in a hilly pasture can dramatically in-
creasetherequired energy density while decreas-
ing the amount of protein needed per unit of
energy. | find the approach in the Horse NRC
to exercise more appealing—for horses, the pro-
tein requirement per unit energy isthe samefor
work asfor maintenance and so asworkload and
energy density of the diet increase, the protein
density increases proportionally. The effects of
pregnancy and growth also seemreasonable. Im-
portantly, the amount of protein required per unit
of energy ishigher for growth inyoung animals
thanin older heifersor young cows. Thisiscon-
sistent with the fact that as an animal matures,
the composition of gain shifts toward a higher
proportion of fat relative to lean tissue. Over-
al, 1 think the animal requirements in the new
NRC are an improvement.

My major criticism of the 2001 NRC is
in its system for calculating the NE, supplied
from adiet. In calculating the overall energy
balance of acow, the new system is better than
the 1989 system. However, inration evaluation
and especially in formulation, there are severd
problems and challenges with the new system.
Thethree major issues | will discuss are the di-
gestibility discount factor, the energy value of
NDF, and the energy value of protein. | aso
will briefly critique the new protein system and
the modelsfor heifersand dry cows.

The Digestibility Discount

When considering the depression (or dis-
count) in digestibility that occurs as cows eat
greater amounts of feed, there are several chal-
lengesin building an energy model. One prob-
lem isthat we have very little data on cows eat-

ing at levels of 4X maintenance or greater. The
other problem is that feeds have “associative
effects’—in other words, increasing the amount
of grain in adiet can effect the digestibility of
long forage and vice versa. Another problemis
that some feeds, such as byproduct feeds high
in NDF with short particle size, are especially
susceptible to depressed digestibility when fed
at higher intakes.

The new system likely does abetter job
of handling the associative effects of feeds in
estimating the digestibility of adiet thanin pre-
viously proposed discount systems using fixed
discounts for each feed (Van Soest et al., 1992;
VandeHaar, 1998). Hence, dietswith the great-
est digestibility at 1X maintenance aregiven the
greatest depression in digestibility asintake in-
creases (Figure 5). However, perhapsthese as-
sociative effects are less important in practice
than they are in theory. Hereiswhy: for cows
eating at less than 3X maintenance intake, the
total diet depressionindigestibility isrelatively
unimportant. Although diets may vary widely
in their TDN1X concentration and associative
effects are important, a system using fixed en-
ergy valuesfor each feed worksreasonably well.
(Notefor example, that the energy supply model
for heifersdoes not incorporate digestibility dis-
counts and instead NE,_ and NE, are calculated
directly from DE1X.) For cows eating at 4X
maintenance, the associ ative effects might in fact
be very important, and the digestibility depres-
sion is certainly important, but the composition
of diets that enable intakes at 4X maintenance
doesnot vary much. Most high-producing cows
(>100 Ib/day of milk) eat diets with minimal
forage. So in practice, the cows for which di-
gestibility discounts matter most arefed arange
of dietsinwhich the fat-corrected TDN1X con-
centration is relatively constant. For high-pro-
ducing cows, the issue of whether the fiber is
short or long is probably more important than
the ratio of forages and concentrates in consid-
ering the digestibility discount, and the 2001
NRC does a poor job in this regard. In their
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defense, the 2001 NRC committee had very little
data on discounts for high-producing cows and
very littledataregarding discountsfor individual
feeds.

For example, with the new system, the
digestibility discount for a diet with 35%
soyhullswould be lessthan the digestibility dis-
count for a diet in which the soyhulls were re-
placed with 35% cracked corn because soyhulls
have alower TDN1X value than does cracked
corn (67 versus 85%). Thus, when feeding a
cow producing 50 Ib/day of milk, the NE, val-
ues might be 0.78 and 0.74 Mcal/lb for a corn
grain and asoyhull diet, respectively. For cows
at 100 Ib/day of milk, the NE, valueswould drop
to 0.73 and 0.71 Mcal/lb, and for a cow at 150
Ib/day of milk, both diets would provide 0.68
Mcal/lb of NE, . However, thereis good reason
to believe that soyhulls should be discounted
morethan corn grain (Coppock, 1987; Van Soest
et a., 1992). Aslong as both diets have ad-
equate effective fiber, presumably the soyhull
diet should be discounted more than the corn
grain diet.

| have previously discussed the impor-
tance of the assumptionsregarding digestibility
discounts (VandeHaar, 1995; VandeHaar, 1998)
and believe that the system proposed by others,
such as Van Soest and coworkers (1992), has
merit. The 2001 system is valuable in that it
does a reasonable job of handling the associa-
tiveeffectsof different feedstuffs, but some com-
bination with individual discountsfor each feed
would have been helpful, especialy for diets
with high fiber byproduct feeds.

Some of the more important decisions
in feeding cows are what type of grain to feed,
how much forage and concentratesto includein
the diet, and whether to replace some of thefor-
age or grain with high fiber byproduct feeds.
Does the new NRC system improve our ability
to make these decisions? | am not sure that it
does.
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In evaluating aration, one can generally
assumethat the diet isreasonablefor the animal
being fed. But aration formulator must cover a
much wider range of possibilities. For example,
itisquite unlikely that a cow producing 125 Ib/
day of milk could do so on adiet of only afalfa
hay, thus when evaluating the ration of a high-
producing cow, | am starting with a reasonable
diet. However, because the DMI equations do
not include a feed factor, and because digest-
ibility isdepressed morefor higher energy feeds,
when | balance adiet for ahigh producing cow,
amostly forage diet |ooks nearly as good in the
model as a diet of 30% corn grain (Figures 5
and 6, Table 5). Replacing corn with soyhulls
in a high-producing cow diet also has little im-
pact on the overall energy balance. With the
new system, the most effective ways to meet a
high-producing cows energy requirements, while
also meeting her needs for fiber, are to supple-
ment with fat or increase the amount of protein
supplements (Figure 6). Protein is discussed
later. Because the new NRC model includes
nothing regarding possible depressionsinintake
when adding fat to diets, the model design will
increase the amount of fat fed to high-produc-
ing cows. Thisincreased use of fat, however,
may not benefit the cows, especidly if thefat is
highin unsaturated fatty acids (Allen, 2001). As
Allen (2001) explains, the best sources of fat
for increasing energy intake are probably those
that provide more saturated freefatty acids, less
unsaturated fatty acids, and less saturated trig-
lycerides to the small intestine. The new NRC
does favor using fat sources with less saturated
triglycerides because digestibility isincludedin
the model.

Importantly, the digestibility discounts
predicted in the 2001 NRC are only valid for
cows producing less than 100 Ib/day of milk,
which correspondsto 4X maintenanceintakefor
cows weighing 1430 Ib. In most cases, thisis
not a problem, but as milk yield continues to
increase, balancing dietswith target milk yields
of 125 |b/day may become common place. In
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addition, another problem with using this dis-
count system for balancing diets (in contrast to
evaluating diets) is that the discount is depen-
dent on the diet and feed intake, which are in
turn dependent on the energy value of the diet,
which isdependent on the discount. Thiscircu-
lar argument creates special challenges for lin-
ear programs (computer autobalancers).

The Energy Value of NDF

Another problem with the 2001 energy
system is that lignin is used to calculate the di-
gestibility of NDF without regard to the type of
feed under consideration. The idea of using a
universal equation to calculate NDF digestibil-
ity, and thus the energy available from NDF, is
appealing, but it is not based on sound science.
Certainly lignin is a major component of fiber
that limitsitsdigestibility, but it isonly acrude
indicator of NDF digestibility and itisonly use-
ful within aforage type (Allen and Oba, 1996).
Environmental factors can have a major impact
on the relationship between lignin and NDF di-
gestibility. For example, Allen and Oba (1996)
showed that lignin was strongly correlated to
NDF digestibility in first-cutting alfalfaand in
corn silage grown in a normal Michigan year
but that no relationship existed for fourth-cut-
ting afalfa or corn silage grown in a drought
year. For thefirst-cut afalfa, invitro digestibil-
ity dropped from 60 to 30% as lignin increased
from 13 to 18% of NDF, but for the normal corn
silage, in vitro digestibility dropped from 50 to
38% as lignin increased from 5 to 8% of NDF.
Thus, at the very least, the equation for calcu-
lating NDF digestibility should be different for
legumes than for grasses and corn silage.

The Energy Value of Protein

Another problem with the 2001 NRC is
that all protein is assumed to be used at 100%
efficiency, and therefore, the energy value of di-
gested protein is assumed to be 5.6 kcal/g. Al-
though this seems like a good assumption, the

new NRC uses the same equation for convert-
ing DE to ME and ME to NE for all non-fat
feeds. Moreover, both of the these equations
have negative intercepts so that non-fat feeds
with higher initial DE values will have greater
efficiencies for converting DE to NE,. Thus,
the inherent assumption in the new NRC is that
protein is used with efficiency equal to that of
starch or that about 60% of the digested protein
will be incorporated into body, milk, or fetal
proteins. Infact, 30 to 40% efficiency isamore
reasonable number (Hannigan et al., 1998), so
the 1989 NRC probably handled the true energy
value of protein just as well as the new NRC.
The old NRC undervalued it, but the new NRC
overvalues it. At first, this may seem like an
insignificant problem, but for high producing
cows, energy is the first limiting nutrient, and
with the new discount system, meeting the en-
ergy requirements of high-producing cowswill
be an even greater chalenge. One way to en-
hance the NE, vaue of adiet in the new NRC
system is to replace cereal grains with protein
supplements. With the 1989 NRC, protein
supplements were added to meet the protein re-
quirement. There was no benefit to replacing
corn grain, for example, with soybean meal.
With the new system, however, alinear program
might add soybean meal in place of corn grain
to also meet a cow’s energy requirement. For
example, replacing all the corn grain in a diet
with protein supplements can increase the NE,
density of adiet from 1.53 to 1.64 Mcal/kg and
decrease the predicted energy shortage for a
high-producing cow by 3.0 Mcal/day (Figure6,
Table 5). The system could be improved by ei-
ther including an energy cost of wasted protein
or decreasing the energy value of digested pro-
tein. But without it, high protein diets might be
favored in situationswhen high energy dietsare
needed.

Meeting Protein Requirements

Themodel calculates %0RUP and %RDP
based on fractionsA, B, and C and the digestion
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and passagerates (k ,and kp) for fractionB. The
passage rate is a function of feed type, level of
intake, and forage to concentrate ratio. Chang-
ing the concentrate in a diet from O to 50% de-
creased the RUP value of dry forages about 1
unit and concentrate feeds 2 to 3 units (for ex-
ample, the %RUP of CP for expeller soybean
meal dropped from 68 to 65%) for acow eating
at 3% of BW; this effect decreased asintakein-
creased. Increasing intake from 3 to 4% of BW
with a 50% concentrate diet increased the RUP
value of forages about 1 unit and concentrates 2
to 4 units. Thesetwo effects counter each other
somewhat, and in the end, the RUP value of di-
etsis not very sensitive to the factors that alter
passage rates. Thus, the complexity of the pro-
gram, and the possibility of errors when enter-
ing feed data into complex models with many
variables, wasincreased significantly without a
lot of benefit.

In my opinion, thecommittee could have
used a much ssimpler and fool-proof approach.
For example, one possibility would be to give
an estimated %RUP of CP for each feed at 1X
or 3X intake and let the model adjust this up or
down depending on the actual intake. A change
in the digestion rate for protein fraction B of a
feed can have a significant impact on the diet
RUPand RDP supply. Inaddition, the method-
ology of estimating k, and kp has major prob-
lems. Moreover, the %RUP for a feed is not
reported in the program as a reference, so the
user has no idea what are the consequences of
entered valuesfor A, B, C, and k. Thisreport-
ing problem can be overcomewhen other groups
incorporate the NRC model into their own pro-
grams, but the whol e system seems unnecessar-
ily complicated.

The new equation for predicting MCP
yield is similar in approach to that of the 1989
NRC, and because the new equation hasno nega-
tive intercept, it should work much better for
young heifers. However, as illustrated in Fig-
ures5-6, 5-7, and 5-8 of the 2001 NRC, thereis
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still considerable unaccounted variation with the
new eguations. Moreover, according to Figure
5-6 in the 2001 NRC (page 66), the new model
grossly underpredicts (by ~20%) MCPyield for
the highest producing cows. However, work by
S-Pierre (2001) suggeststhat theanalysisof the
equation wasflawed, and in fact, the model does
a better job than initially thought. In any case,
predicting MCP yield is still far from an exact
science.

All of the problemsin modeling protein
are aggregated for the amino acid (AA)
submodel. Inaddition, inconsistency intheAA
composition of feeds further complicates the
accuracy of balancing for AA. Although the
plots of predicted versus measured duodenal
flow of methionine and lysine (Figures 5-9 and
5-10 on page 79 of 2001 NRC) suggest that the
AA model is quite accurate, the same data set
was used to develop the model and to evaluate
it. Inmy opinion, no model can accurately pre-
dict whether methionine or lysine should be
supplemented to adiet. Whenever possible, the
animal response to any dietary change, and es-
pecially one which includes addition of AA
supplements, should be used to determine
whether the cost of the supplement iswarranted.

Heifersand Dry Cows

Substantial changes were made in the
heifer and dry cow requirement submodels, and
| think these were some of the more important
and beneficial changes made in the model. In
general, the program seems to give reasonable
dietsfor young heifersand calves. Dry cow re-
guirements increase with day of pregnancy and
are an improvement over the 1989 version.

So How Should We Balance Diets?

Models give guidelines. They may be
precise, but they are only rough approximations
and generalized to meet the needs of most
farms—they cannot be used to fine-tune a
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ration. Too often, people get caught in the de-
tallsof amodel. They try to balance the diet to
meet absorbed methionine or rumen-peptide
needsto four decimal places. They wonder why
themodel failed, or worse yet, they never bother
to determineif it failed or not.

When feeding high producing cows, the
approach one should follow isto minimize NDF,
with atarget of 25 to 30% NDF. This optimal
NDF percentage will depend on several factors,
such as length of the fiber, day to day variation
in diet composition, feed availability, feed mix-
ing, and fermentability of the starch (Allen,
2001). Because of the problemswith accurately
estimating the energy value of feeds, the exact
NE, density of adiet isnot very useful, but the
goa should be to maximize NE, intake while
ensuring adequate fiber. To determine whether
cows should befed fat or other supplements, the
best approach is to try the supplement and to
monitor the cows. We recommend measuring
and recording DM intake, estimated energy in-
take, milk yield, body condition, and health.

Summary

In summary, of course, | recommend that
you balance dietswith acomputer program, but
remember that the computer model, no matter
how simple or complex, is based on prediction
equations that in many cases are inaccurate.
Consequently, the predicted values for nutrient
balances, although having the appearance of
accuracy, may be consistently inaccurate. Too
often field nutritionists lose sight of the big is-
sues, like communication with the feeder, and
focus on the details with “sophisticated” mod-
els. Thismay impress aclient in the short run,
but nutrition is seldom that easy and no com-
puter monitor can substitute for acow. So pay
attention to the cows!
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Table 1. Comparison of the energy systemsin the 1989 and 2001 NRC™.

1989 Dairy NRC 2001 Dairy NRC
Mcal NEL Mcal NEL

Reguirements

Maintenance 0.08 x kg BW*™ same

Milk kgmilk x (0.3512+ 0.0962 x | kg milk x (0.0929 x %fat + 0.0547 x %CP + 0.0395 x

Yofat) %actose) (%CP = true protein/0.93)
[for most Holsteins, this equals 1989 requirement]

Grazing activity add 10 to 20%to maintenance | walking: 0.00045 x kg BW x distanceto parlor x #

requirement trips/day
edting: 0.0012 x kg BW
plus 0.006 x kg BW if pastureis"hilly"

Pregnancy 0.024 x kg BW*™ = 0.64 x (0.00318* days pregnant - 0.0352) x Calf
BirthWt /0.14

Body reserves 5.1xkgBW gan Gain: 0.85 x (9.4 x kg changein body fat + 5.6 x kg

(use4.9if BW loss) changein body protein)
Loss use0.82 ingtead of 0.85
(body fat and protein changes are afunction of BW
and body condition change)
Growth add 20% of maintenance retained energy (RE) for growth
requirement inlactation 1and | = 5.668 x kg BW gain™®”
10% in lactation 2 x (current BW"™ / mature BW®™)
NE, for growth = RE for growth/ 0.7

Energy supply

NE, supply Each feed has afixed NE. Cdculated fromthe ME and fat concentrations.

concentration

ME supply not needed Cdculated from the DE and fat concentrations

DE supply not needed Cdculated from DELX supply and the digestibility
discount

Digedtibility 8% no matter what animal is | A function of thefat-free TDN1X content of the diet

discount being fed and the energy intake as multiple of maintenance
requirement

DE1X not needed Digestible carbohydrates x 4.2 Mca/kg + digestible
CPx 5.6 Mcd/kg + digestible fatty acids x 9.4
Mcal/kg minus 0.3 Mca/kg of fat-free dry metter
intake (for metabolic fecd energy |0sses)

TDN1X not needed Digestible carbohydrates + digestible CP + 2.25 x
digedtible fatty acids minus 7 kg/kg of fat-free dry
metter intake (for metabolic feca energy |osses)

NDF digedtibility not needed A function of lignin content

NFC digedtibility not needed A fixed val ue dependent on feedstuff

CP digedtibility not needed A function of Acid Detergent Insoluble CP for forages
and concentrates and afixed valuefor anima products

Fat digestibility not needed A fixed va ue dependent on fat source

INE = net energy, ME = metabolizable energy, DE = digiestible energy, TDN = total digestible nutrients, NDF
= neutral detergent fiber, NFC = nonfiber carbohydrates, CP = crude protein, and BW = body weight.
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Table 2. Comparison of the protein systems in the 1989 and 2001 NRC.

1989 Dairy NRC 2001 Dairy NRC
Requirements Metabolizable Protein (kg) Metabolizable Protein (kg)
Maintenance
scurf | +0.0002 x BW*®/ 0.67 same
urinary | +0.00275 x BW>°/ 0.67 same
Metabolic fecd 0.03 x kg DMI + 0.03 x kg DMI - (0.125 x 0.64 x MCP)
Gut proteins no 0.4 x 0.0119 x 6.25 x kg DMI /0.67
Milk (Yoprotein /100) x kgmilk /| kg milk x %true protein /0.67
0.7, where %proteinis (milk true protein = milk CP/0.93)
assumed to be 1.9 + 0.4 x
Yof at
Grazing activity no no
Pregnancy 1.136 x kg BW"" /0.5 (0.00069* Days Pregnant - 0.0692) x Cdf Birth Wt
/0.33
Body reserves 0.256 x kg changein BW Gain: kg changein body protein/ 0.492
maximum lossis 0.188 Loss: kg change in body protein/ 0.67
kg/day (body protein change is function of BW and body
condition change)
Growth 20% of maintenance kg growth gain x (0.268 - 0.0294 x RE for growth
requirement in lactation 1 / kg growth gain)
and 10%in lactation 2
MP Supply
Energy-potential 0.072 x Mca of NE, - 0.130 x kg of fat-free TDN adjusted for level of

microbia protein
yied

0.193

intake

N-potential 90% of rumen available 85% of rumen degraded protein supply

microbid protein | protein supply

yield

Microbia crude the lesser of energy and N- same

protein (MCP) potential MCP yield

MP from MCP 80% x 80% x MCPyield same

RUP each feed hasafixed RUP | RUP caculated for each feed based onits protein
fractions A, B, and C, and the ky and k;, of its B
fraction. Thekyisuniqueto afeed but kyis
cal culated based on whether the feed isawet or
dry forage, the feed's % NDF, and on the DMI of
the cow and the % concentrate in the total diet.

RUP digestibility 80% Unique to each feed

Endogenous (gut) no 0.4 x 0.0119 x 6.25 x kg DMI

proteins

Amino acids (AA) | not considered Regression equations based on AA as a percentage

of the diet and RUP flow as a percentage of total
duodena protein flow are used to calculate flow of
AA to the small intestine.

IMP = metabolizable protein, RUP = rumen undegradabl e protein, BW = body weight, DMI = dry matter intake,
NE, = net energy for lactation, CP = crude protein, RE = retained energy, TDN = total digestible nutrients, and
NDF = neutral detergent fiber.
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Table 3. Feed intake prediction in the 2001 Dairy NRC.?

DM prediction DM intake (kg)

Maintenance 0.0968 x BW°"

Milk 0.372 x 4% fat-corrected milk

Early lactation multiplier (1 - EXP(-0.192 x (Days-in-milk/7 + 3.67))) x 100

Grazing activity no

Body reserves no

Growth no

Heifer (0.2435x NE_ - 0.0466 x NE_*-0.1128) / NE_ x BW°"
where NE_isin Mcal/kg DM

Dry cow (1 - 0.38 x g 016xDaystilfresny 5 100

1The 1989 Dairy NRC did not predict feed intake, although one could interpret the equations to mean
that feed intake will bethe NE, requirement divided by NE, density of thediet, wherethe NE, require-
ment includes that needed for maintenance, milk, growth, work, and body weight (BW) gain or loss.
This equation was difficult to use in practice.

Table 4. Effect of various body functions on intake, energy requirement, required energy
density, protein requirement, and required protein per unit of energy in the 2001 Dairy NRC.

NE,
Dry required  Metabolizable
matter NE, (Mcal/kg protein Metabolizable protein
intake required  DMI) required required (/Mcal NE,)
T body weight T T 0.83 T 40-50
T milk T ™ 2.0 T ~67
T dayspregnant | T T T ~140
T work (grazing) — T T — 0
T growthrate — T T T 50-170 (NE, equivalent
basis) higher for youngest
animals
Number of arrows indicate relative magnitude of response.
% Tri-State Dairy Nutrition Conference April 16 & 17,2002
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Table5. Changesin energy and protein calculations with diet adjustmentsin the 1989 and 2001 versions of the
Dairy NRC. Requirements were calculated for a lactating mature cow weighing 650 kg (1430 Ib), at a body
condition score of 3.0 at 60 daysin milk producing 57 kg (125 Ib) of milk with 3.5% fat and 3.1% true protein.
Requirements for NEL and metabolizable protein (MP) were nearly identical in the two versions with NEL
requirements at 49.5 and 49.8 Mcal/day and MP requirements at 3.70 and 3.65 kg/day in the 1989 and 2001
versions, respectively. The 2001 NRC predicted intake was 29.0 kg (63.8 |b), and this predicted intake was

used for calculationsin both systems.

Half High High High High

forage forage soyhulls  fat protein
Ingredients, % of DM
Legume silage, immature #82* 27.6 55.2 27.6 27.6 27.6
Corn silage, normal #35 27.6 27.9 27.6 28.3 27.6
Corn grain, ground #27 29.0  —  — 24.1  —
Soybean hulls #103 e e 29.0 o o
Hydrolyzed tallow #41 o o  — 34  —
Soybean meal 48% #107 34 34 34 34 245
Soybean meal, expelr #104 6.9 6.9 6.9 6.9 10.3
Blood meal, ring dried #14 24 34 24 31 6.9
Mineral-vitamin supplement 31 31 31 31 31
Diet characteristics
% forage 55 83 55 56 55
% CP 19 24 20 19 33
% NDF 27 35 42 27 27
% fatty acids 24 18 2.0 5.7 1.7
% protein captured in milk 35 28 32 34 20
NRC 1989 calculations
NEL density, Mcal/kg 1.66 1.53 161 1.79 1.65
NEL balance, Mcal/day -1.26 -5.12 -2.94 2.45 -1.56
NEL allowable milk, kg/day 55.2 49.6 52.7 60.6 54.7
MPfrom RUP, kg/day 1.66 1.79 1.63 174 312
MP from microbes, kg/day 2.09 191 201 2.26 2.07
MP balance, kg/day 0.05 -0.01 -0.06 0.29 1.49
MP allowable milk, kg/day 58.0 56.9 55.7 63.1 88.2
NRC 2001 calculations
TDN (21X intake), % 72.3 64.8 66.5 76.1 711
Fat-corrected TDN1X, % 715 64.8 66.5 68.4 711
Intake multiple of maintenance 4.7 4.2 4.3 4.9 4.6
Energy digestibility adjuster, % 87 93 92 89 87
NEL density, Mcal/kg 1.53 151 1.50 172 164
NEL balance, Mcal/day -5.32 -6.00 -6.41 -0.07 -2.28
NEL allowable milk, kg/day 49.3 48.3 47.8 56.9 53.7
MP from RUP, kg/day 2.00 2.09 2.04 2.07 411
MP from microbes, kg/day 1.64 1.60 161 1.60 1.64
MP balance, kg/day -0.01 0.04 0.00 0.02 2.10
MP alowable milk, kg/day 56.9 57.9 57.1 57.4 102.4

'Entry number for feeds in Table 15-1 of the 2001 NRC.
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Figure 1. The energy system for cowsin the 1989 Dairy NRC. BW = body weight, DMI = dry matter
intake, TDN_, = total digestible nutrients at maintenance intake, and NE _(3X) = net energy for
lactation concentration when the diet is fed at 3 times maintenance intake.

digestion
coefficient
CP |/~ *| tdCP %| DE,
ADICP
NDF |— | tdNDF digestion
lignin di scounter
< 4
FA |—eedeon, | tdFA A
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Figure 2. The energy system for cows in the 2001 Dairy NRC. CP = crude protein, NDF = neutral
detergent fiber, FA = fatty acids, NFC = nonfiber carbohydrate, ADICP = acid detergent insoluble CPR,
td = total digestible, DE,, = digestible energy at maintenance intake, TDN = total digestible nutrients,
DE, = DE at the multiple of maintenance for current production, M E = metabolizable energy, NE = net
energy, NE, = NE for lactation, DMI = dry matter intake, and BW = body weight.
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Figure 3. The metabolizable protein (MP) systemin the 1989 Dairy NRC. NE, (3X) = net energy for
lactation concentration when the diet isfed at 3 times maintenance intake, N-potential microbial yield
=the potential microbial crude protein yield based on the nitrogen available, and E-potential microbial
yield = the potential microbia crude protein yield based on the energy available.

In the 1989 NRC, MP was called absorbed protein, rumen degraded protein (RDP) was called de-
graded intake protein (DIP), and rumen undegraded protein (RUP) was called undegraded intake pro-

tein (UIP).
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TDN1X
Rumen- supply
degraded x digestion
raction A 85% X 130 g/kg
. Kq N
Pro_tel ¢ N-potential E-potential
fraction 8 k microbial microbial
P ; :
Protein p - protein . protein
fraction C ) umen- Whi chever
______ _/> undegraded isless
: Wet vs dry forage : protein
| % NDF in forage |
| DMI, % of BW | N 64%
| % concentrate | digested Yo —
Tt ] olizable
DMI Endogenous protein protei n
4.75 g/kg DMI supply

Figure4. Metabolizable protein supply inthe 2001 Dairy NRC. Fat-corrected TDN,, =total digestible
nutrients at maintenance intake after subtracting the TDN from fat, N-potential microbial yield = the
potential microbial crude protein yield based on the nitrogen available, E-potential microbial yield =
the potential microbial crude protein yield based on the energy available, NDF = neutral detergent fiber,
DMI = dry matter intake, and BW = body weight.

Proteinfraction A israpidly degraded proteins, including NPN, rapidly solubilized protein, and proteins
of very small particle size. Protein fraction Cis protein that is not degradable in a rumen dacron bag.
Protein fraction B is the remainder and the portion of B that is degraded depends on its digestion rate

(k,) and its passage rate (kp).
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Figure 5. Changesin digestibility of diets in the 2001 NRC with increasing feed energy intake as a
multiple of maintenance and different types of diets. Asthe TDN at 1X maintenance intake (TDN1X)
value of adiet increases, the digestibility discount of feedsin the diet increases. In other words, adiet
with a TDN1X of 76% decreasesin its TDN value at a faster rate than a diet with TDN1X values of
70% or 64%. Consequently asintake of the diet increases, the energy values of the diets become more
similar. At4X maintenanceintake, these dietshave TDN values of 66, 63, and 60%. TheTDN values
cannot be discounted below 60%; so at 6X maintenance intake, all the diets provide the same amount
of energy. Because most cows would never eat the TDN1X diet at the 4X maintenance energy levels,
this works fine in an ration evaluation program. However, because diet characteristics do not ater
predicted feed intake, this discount system can give unreasonable dietsfor high-producing cows. For a
1430 Ib cow, these multiples of maintenance would correspond to 0 (1X), 33 (2X), 66 (3X), 99 (4X),
132 (5X), and 165 (6X) Ib/day of milk with 3.5% fat.
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Figure 6. Changesin energy balancein response to changesin the diet balanced for a high-producing
cow inthe 1989 and 2001 versions of the Dairy NRC. Energy requirements were the samefor all diets
and are essentially the samefor the 1989 and 2001 versions. The feed intake predictionsfrom the 2001
Dairy NRC were used for both NRC versions and the predicted dry matter intake used for all dietswas
29kg (64 Ib). Each bar representsthe energy supply from the diet relative to the energy requirement in
the respective NRC version.

The 2001 version may do agreat job of evaluating diets. In this particular case, it isunlikely that any
cow would actually eat the high forage diet at thislevel of intake. Hence, thefact that the energy supply
is the same for the high forage and half forage diets is largely irrelevant when using the model as an
evaluator. The 2001 model does seem to overestimate the value of the high soyhull diet, but researchis
lacking to provethis. While the soyhulls themselves may be much less digestible at the higher intake,
perhapsthe lower volatile fatty acid production with feeding soyhulls (relative to corn grain) resultsin
increased digestibility of the foragesin the diet.

When formulating diets, however, the important comparison shown in thisfigureistherelative change
in energy balance achieved with each diet within each NRC version. Note that for the 1989 version,
changing to a high forage diet from the half forage diet decreased energy supply by 4 Mcal of NE, .
With the 2001 version, the same diet change decreased energy supply only 1 Mcal. Changing to high
protein did not improve energy supply with the 1989 system but increased energy supply by 3 Mcal in
the 2001 system. Other information regarding these dietsisgivenin Table 5.

e
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New Feed Management Software

Herbert Bucholtz?
Department of Animal Science
Michigan Sate University

Abstract

Computerized feed management
software systems are commercially available.
These software systems are added to the scales
on total mixed ration (TMR) mixers located in
the mixer’struck or tractor cab. These systems
allow the feeder, farm office, or nutritionist to
adjust ingredient DM and ration batch sizes on
a daily basis as needed. These software
programs aso allow for the collection of data
that can be used by the nutritionist and afarm’s
management team to monitor adairy farm’sen-
tire feeding program.

I ntroduction

There are currently four software
programs that are commercially available as
toolsto help managethedaily activitiesinvolved
with mixing of TMR and the monitoring of a
feeding program. These software programs are
incorporated to acomputer system that isadded
to the TMR mixer’s scale. This system can be
interfaced to the farm office by wireless radio
frequency or by atype of computer disk. Some
of the software programs allow for interfacing
viaelectronic mail. Nutritionistsand dairy farm
managers can use these programsto help assure
that all TMR will be mixed correctly and any
changesto TMR mix formulations can be made
quickly and accurately.

The goal for the dairy herd's feeding
program isthat all rations will be mixed by the
feeder in the amounts or proportionsformulated
by the nutritionist and that the cows will then
consume that ration in the proportions formu-
lated by the nutritionist. Thereislittleability to
control how adairy cow will consumea TMR,
because cows have the ability to sort and sepa-
rateaTMR and consume only what they decide
to eat. However, a nutritionist and the dairy
farm’sgoal should be that the feeder would mix
the TMR asaccurately aspossiblefollowing the
nutritionist’s formulations. These software
programs are a management tool that can
update TMR mixes immediately so that the
feeder will always be using the most current
ration mixing instructions. The programs will
also monitor the entire mixing process for each
batch, thus implementing a feeder-feeding
quality control program. There are anumber of
functions these programs are capable of doing,
some as standard operations and othersthat can
be designed by the farm user.

Program Operations Useful to the Feeder
on a Daily Basis

Every day adairy farm’'s feeder has the
challenge of mixing all the TMR batches as
accurately aspossible. Perhapsthe most useful
function these software programs have for the
feeder isthe updating of ingredient DM and the
adjusting of TMR batch sizes to account for
fluctuationsin feed intake.

!Contact at: 2265-H Anthony Hall, E. Lansing, MI 48824-1225, (517) 355-8432, FAX (517) 432-0147,

Email:bucholtz@msu.edu
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If the DM of an ingredient changes, the
feeder should update the pounds of that
ingredient added to the mix. If that doesn't
occur, the mix is not the same as formulated by
thenutritionist. These software programsallow
for thefeeder at the mixer scale computer to enter
into the computer program an ingredient’s new
DM and all mixes using that ingredient will be
updated. Those functions can aso be done via
the farm office computer and transmitted to the
computer at the mixer’s scale by wirelessradio
frequency or by atype of computer disk.

Another daily challenge that a feeder
encountersisincreasing or decreasing the total
pounds of a TMR batch. Often, this requires
the feeder to do some math or rely on having
batch mix sheets printed for different size
batches. These software programs allow the
feeder to change total batch size and have the
new pounds of each ingredient displayed on the
mixer's scale.

Thesearetwo very useful daily functions
that add aform of quality control to the feeding
program. There are other functions performed
by these software programs that may also be
useful touseonadaily basisfor feeding the herd.

Program Operations Useful to the
Nutritionist and Farm Management on a
Daily Basis

In addition to up-dating ingredient DM
and batch sizes, these programs can provide the
nutritionist and the farm’s management with
daily monitoring data on: pen or group DM
intakes, feed refusals, feeding times, batch
mixing time, mixing errors, and feeder perfor-
mance measures. The data can be displayed on
acomputer screen or printed and presented asa
table or graph.

Other Softwar e Program Functions

These software programs can also
monitor ingredient inventory, predict inventory
reordering needs, compute feed cost and income
over feed cost, and other functions. Each
company’s software package has various
functionsthat are unique to that particular soft-
ware. Thesefunctionscan beuseful tothefarm
business.

Skill Needed to Operate the Software
Programs

Like any computer software, these pro-
grams do require some learning by the users.
Most of the software companies provide on-farm
training. Farms considering to purchase a
program probably should consider the training
of the feeders who will use the program at the
mixer aswell astraining of the farm’s manage-
ment personal. Most of the programs appear to
be easy to learn.

Computer Needs

These programswill require acomputer
system at the TMR mixer (in truck or tractor
cab) that interfaces with the scale system and
also a computer in the farm office. Each
software company provides recommendations
for the computer system.

Cost

Approximate cost for the software
packages are $3500 to $10,000. Costs vary
depending on the type of software package
purchased, and some companies have various
package options. Hardware, such as new scale,
scale displays, and computers, would be an
additional cost.
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Feed M anagement Software Companies

Thefollowing isalist of the companies
that market the software programs.

EZfeed™

DHI Computing Service, Inc.
PO. Box 51427

Provo, UT 84605-1427
800-453-9400, ext. 6704
801-374-5316 (Fax)
www.dhiprovo.com

Feed Supervisor®

1733 - 90th Avenue
Dresser, WI 54009
888-259-8949
715-755-3739 (Fax)
www.feedsupervisor.com

Feed Watch™

Valley Agricultural Software
442 North O Street

Tulare, CA 93274
888-225-6753
559-686-6253 (Fax)
WWW.vas.com

TMR Tracker®
Digi-Star

790 West Rockwell Ave.
Ft. Atkinson, WI 53538
800-225-7695
920-563-9721 (Fax)
www.digi-star.com
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Fine-Tuning the Ration Mixing and Feeding of High Producing Herds

JamesA. Barmore!
Technica Service Specidist
Monsanto Dairy Business

I ntroduction

Feed is the single largest operating ex-
pense on dairy farms and should be considered
one of the most important variables behind suc-
cessful production, animal health, and profitabil-
ity of adairy. Annual feed costs per milking cow
can average $1000 to $1200 per year, or
$100,000 to $120,000 for every 100 milking
cows. Despitethisfact, only aminority of dairy
farms closely track feed quality variation, feed
mixing, inventories, feed bunk delivery, shrink,
and corresponding animal performance. There-
sult is lost opportunity to improve cow perfor-
mance and to better management expenses. To-
tal mixed rations (TMR) haverapidly grownto
bethe preferred method of feeding for non-graz-
ing herds. Although TMR caught on many years
ago, the art and science of how to best manage
specific mixers continues to evolve. The ques-
tionshavelargely moved beyond the advantages
of aTMR and are now more focused on “How
canmy TMR mixing and feeding beimproved?’

Feedbunk management ismorethan just
feed delivery and removal of refusals. It also
involvesingredient characteristics and feedstuff
quality control, feed processing and mixing, and
factors related to feed presentation. On many
dairy farms, the manager or employees respon-
sible for feeding don't fully appreciate the im-
pact their role hason the overall profitability and
success of thedairy farm. In reality, the feeding
management practices from forage harvest and

storageto feedbunk delivery providealargewin-
dow of opportunity for improvement in cow per-
formance and expense management on most
dairy farms. Thefeed manager isresponsiblefor
handling over 50% of the variable costs of the
dairy farm, and often the equipment that isworth
severa thousands of dollars.

In this paper, | want to focus on some
key areas | see on high performing dairy farms
that allow them to better monitor and manage
the variability and shrink that occurs with feed-
ing TMR’s, specifically looking at the large fi-
nancial opportunities gained by establishing
better process controlsas part of their daily feed-
ing and bunk management. Specifically, letsad-
dress 1) forage variation and feed-out manage-
ment, 2) the actual TMR mixer and mixing, and
3) feed delivery and bunk management. Many
of the management items discussed in this pa-
per were described for nine Wisconsin dairy
herds surveyed in January 2002 (Appendix 1).

Feed will vary asit’s pulled from stor-
age for mixing and feeding, while human mix-
ing errors will also occur. Both are sources of
variationintheactual rationsdelivered and con-
sumed by cows. In turn, ration variation places
production, cow health and feed efficiency at
risk. Cameron et al. (1998) implicated that feed
bunk management is a risk factor for left-dis-
placed abomasums (L DA) through the variations
associated with day-to-day feeding and bunk
management, and thus the actual nutrients

Contact at: 7905 Black River Road, Verona, W1 53593, (608) 833-1552, FAX (608) 833-1035, Email:

james.a.barmore@monsanto.com
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consumed by the cows. An excellent discus-
sion of how feeding and bunk management can
impact cow health, and specifically LDA, was
recently presented (Shaver, 2001b).

Fine-Tuning Goals

The overall purpose of this paper is to
addressthese key goals of fine-tuning theration
mixing and feeding of high-producing herds.

1. Minimize the within batch and between
batch variation in the DM, energy, and
effective fiber for al ingredients, but in
particular forages.

2. Minimize any effective fiber reduction
during handling, mixing, or feeding,
while assuring uniform mixing and a
consistent ration in terms of physical at-
tributes.

3. Provideafresh, high-quality, non-sorted
ration at all times. Cows should be able
to get feed when they want, in unlimited
guantities, without competition from
other cows. Both feed and water must
be available in a comfortable environ-
ment.

4.  On-going monitoring, record systems,
and training of key employees will al-
low proactive evaluation and review of
the mixing and feeding, which in turn
[imits unexpected events and risk and
allows better measurement of manage-
ment changes.

Managing Risk

The success of any team or dairy farm
dependsonitsability to consistently executethe
basic fundamentals, or as some say the “block-
ing & tackling”. For the dairy farm, the finan-
cial fundamentals of success are maximizing
revenues and controlling costs. Financially

speaking, alarge order of magnitudefor adairy
IS to have better management of feed invento-
ries, feed mixing and delivery, feed shrink, and
other expenses associated with feeding. One
might consider this “blocking and tackling” of
feeding. It's important to note that controlling
costs within defined production parameters,
while minimizing wide variations in expenses,
does not necessarily equate to “cutting costs’
(Fetrow, 2001).

Many dairy farmsforego very significant
profit opportunities in the false pursuit of cost-
cutting and reducing inputs. By focusing largely
on the costs of inputs, rather than the inputs
marginal impact on revenue (typically moremilk
or better herd health), many dairy farmsplacea
ceiling on profits. Better management of the
feeding program should not be smply positioned
as a cost-cutting strategy versus opportunities
associated with minimizing variation and im-
proved feeding and nutrition largely created
through better day-to-day consistency and qual-
ity of the feed consumed.

Oneof thefirst stepsto maximizing rev-
enue involves identifying and managing areas
of risk and devel oping appropriate management
plansto limit unexpected expenses, controlling
the income stream, and reducing the exposure
and impact of animal health or catastrophic
eventsthat may occur on adairy. An example of
thiswould be having arelatively smpleyet very
well implemented planin placefor the feed mix-
ing, feed delivery, and bunk management.

Sufficeit to say, thingsdon’t alwaysturn
out as planned. To some degree, every dairy
farmer triesto minimizerisks and variability as
part of day-to-day management, but breakdowns
are common and opportunities abound in the
areaof mixing, feeding, and bunk management.
Therearedifferent typesand levels of risksthat
occur on adairy farm, which can be managedin
three fundamental ways (Fetrow, 2001):
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1.  Reducing the chance of an undesirable
event or outcome (e.g. mixing and de-
livery monitoring systemsfor early signs
of breakdowns or losses),

2. Reducing the impact of an event if and
when it doesoccur (e.g. having treatment
protocols in place for health challenges
caused by breakdowns), and

3. Transferringrisk to others(e.g. contract-
ing for a blend of proteins and
minerals).

Reduce Variation, Improve Consistency

Variability, or lack of consistency, is a
dimension of risk and involvesfeeding manage-
ment on dairy farms (Fetrow, 2001). There in-
herently always will be some variation in out-
comeson adairy farmwhenweare dealing with
biological units...or cows! Making milk is a
manufacturing process. In any manufacturing
process, therewill be some degree of variability
when inputs are put through a process. Cows
fed the same ration will differ intheir milk pro-
duction; even the same cow varies in produc-
tion from day to day. Variation makes operating
a dairy farm more difficult and less profitable
because the outcome of a process (e.g. mixing
feed) isnot precisely known.

Theunpredictability of aprocess (caused
by variation) makes planning of future outcomes
more difficult. For example, not knowing the
packing density and moisture of silage can make
planning for future rations somewhat difficult.
Another examplewould be not having any mix-
ing or feed intake records, making the monitor-
ing of theimpact of nutrition on cow health and
production very difficult. In both cases, varia-
tion or deviation from the target points or goals
impacts the outcome. Without records, or a
monitoring system, the variation cannot practi-
cally be measured or managed. In this case, the
old adage “if you can’t measure it, you can’t

105

manageit” isquitetrue. Figure 1 can be used to
depict how distribution of variation might
change and improve before and after a mixing
and feeding monitoring process and system are
implemented.

Lack of consistency in the day-to-day
feeding and bunk management creates chal-
lenges associated with normal rumen function
and animal health. The idealistic rumen envi-
ronment to maximize production and feed effi-
ciency would be“ steady-state” conditions. Bio-
logically and practically speaking, striving
for steady-state rumen conditions aren’t realis-
tic, but the point to be made is reducing varia-
tion in the feeding can significantly improve
cow performance by improving rumen function
and digestion.

Variation makes it more difficult to
monitor the effects of any management inter-
vention or action (e.g. producer decidesto feed
sodium bicarbonate), since the actual effects of
the action may be obscured by normal variation.
To verify thispoint, consider how much the bulk
milk tank will vary daily dueto every day influ-
ences, such asweather. If the hypothetical dairy
farm that added sodium bicarbonate has wide
daily swingsin milk production dueto variable
forage quality, inconsi stent mixing practices, and
variable forage moisture content, then it will be
difficult or impossible to tell if adding the so-
dium bicarbonateto theration actually improves
production or health. The effect of sodium bi-
carbonate might be positive and cost-effective
but hidden under the daily swings and accepted
variation. Management in this case is signifi-
cantly limited in being able to make accurate
and solid businessdecisionsduetothehighlevel
of variation (Fetrow, 2001).

The best-managed and typically most
profitabledairy farms seek waysto reducevaria
tionindaily processes. Dairy farmsthat can cre-
ate consistency through protocols and routines
will improve their ability to plan and improve
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management. While breakdowns will still oc-
cur, these dairy farmswill be quicker to modify
systems and make needed adjustments. In the
long-term, dairy farmsthat are ableto minimize
variation and create better day-to-day consis-
tency within the feeding program will likely be
more successful. The answer to getting started
with improving variation in the feeding, liesin
better implementation of good plans with sup-
porting monitoring systems. Day-to-day con-
sistency in the mixing and feeding is a key
driver of profitability on well-run dairy
farmg!

Mixing & Feeding Risk Exposure —
Self-Assessment

A dairy farm that has asound mixing and
feeding management plan that minimizesvaria-
tion, and thus limits risk exposure, should be
able to answer these questions:

¢ What criteria and benchmarks are used
to measure and determineif the feeding
management is on track? Do the feed
manager, owners, nutritionist, and vet-
erinarian agree on what type of assess-
ment criteria are collected and evalu-
ated?

¢ How are cow head counts for pens or
barns recorded and available to the
feeder dailly? How does the feeder de-
termine the proper batch size based on
cow numbers?

¢ Atwhat maximum percentage of “struck
full” capacity isthe mixer still fully ef-
fective?

¢ What isthe recommended mixer fill or-
der sequencing of ingredients? Do the
TMR manufacturer and the nutritionist
agree on the sequencing order?

¢ What is the target level of daily TMR
refusals, and how much does this vary

from day-to-day? How much can the ac-
tual intake vary from projected, for a
given number of cows, beforeanew ra-
tion should be balanced?

¢ How will TMR refusals be utilized or
discarded? What is the maximum level
of refusals that can be re-fed?

¢ Arerefusals monitored for particle size
relativeto thefresh TMR by the feeder?

¢  When should haylage moisture be mea-
sured and why? What is the procedure
for taking ahaylage samplefor moisture
testing, and what isthe agreed upon DM
determination method that will provide
consistent results?

¢ How reliable and consistent is the for-
age moisture determination method on
the dairy farm?

¢ What is the recommended mixing time
for the specific mixer onthedairy farm?

¢ Who'sresponsiblefor TMR mixer main-
tenance; what and when does this con-
stitute?

Forage Variation and Feed-Out

One of the greatest areas of feed quality
variation is with forages (Buckmaster and
Muller, 1994). Variation in forage quality, mois-
ture, and shrink occurs by two modes: 1) forage
loss as it moves through different handling and
storage processes, and 2) microbial deteriora-
tion and fermentation DM |osses. The obscurity
of microbial deterioration has led many to be-
lieve that they have relatively modest forage
losses and quality issues. In fact, DM losses of
5 to 20% may be occurring before one actually
seesvisua evidence of moldson forage (Holmes
and Muck, 2000). Actual forage losses and
shrink are highly dependent on harvest and
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storage structures. Data adapted from Holmes
and Muck (2000) indicatetotal forage DM losses
can range from about 10 to 50%, including the
losses associated with filling, seepage, fermen-
tation gasses, surface spoilage, and feed-out
losses.

There are several factorsthat impact the
forage quality delivered to the bunk. Following
accepted recommendationsfor harvest maturity,
filling, packing, storing, and unloading mini-
mizes quality losses and shrink. Feed managers
must understand and manage the process of
ensiling and fermentation in order to have high
quality forages.

Have we as consulting nutritionists and
veterinarianstruly invested in training the proper
people that have akey rolein the feeding man-
agement? Bucholz (1999) pointed out the gaps
in understanding recommendations between
nutritionists and the feeders that were encoun-
tered intheir extension feeder training programs.
Something as key, and relatively straight for-
ward, as moisture determination had several
breakdowns due to lack of understanding and
clarity on the behalf of many of the feeders.

Several common breakdowns related to
forage quality variation that limits cow perfor-
mance, include: 1) variable packing density of
ensiled forages, 2) removal rate and uniformity
of ensiled forages, 3) feeding of moldy or spoiled
forages, and 4) lack of accurate moisture deter-
mination of the forages. In many respects, each
of these are closely related.

Packing Density — Quality Forage

Achieving a high packing density of
ensiled forage is an important goal for dairy
farms. Density and DM content determines the
porosity of the silage, which affects the rate at
which air can penetrate the silage mass at the
feed-out face. Often packing density of bunker
silos and even bagged silage are not sufficient
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to prevent high DM losses or to ensure consis-
tent high-quality silage. Moisture variation and
low packing density within aforage storage unit
creates challengesfor the feeder from the moldy
and spoiled feed that occurs, and difficulty in
trying to determine at what moisture should the
forages be balanced intheration. Whileit'srec-
ommended that the minimum DM density for
both haylage and corn silage be 14.0 Ib/cu.ft. or
greater (Bolsen, 20014), there continuesto be a
huge range of silage densities seen in bunkers,
piles, and bags. Holmes and Muck (1999) found
that significant variation existed in the packing
density of both haylage and corn silage when
168 bunker silos were surveyed in Wisconsin
(Table 1). Subsequent research by Holmes and
Muck, 2001 (personal communication) showed
that significant variation in packing density can
also occur in silo bags.

Packing bunker silage in layers no
greater than 6 to 10 inches in depth is key to
achieving recommended packing densities and
good fermentation. Often the ability to deliver
large quantities of forage to the bunker has out-
stripped the packing tractors' ability to ad-
equately pack the silage. Calculating the recom-
mended packing tractor weight relative to the
mass of silage being delivered per hour is an
important step that should be reviewed
(Batchelder, 1998; Holmes and Muck, 1999).
Adding additional packing tractor weight; or an
additional packing tractor may be an option.
Becauseit requiresno additional capital, strongly
consider reducing the packing layer thickness
while continuing to use the existing packing trac-
tor. Although often achievable, the challengeis
to manage or moderate the delivery rate of
freshly chopped silageto the silo so the packing
layer thickness can be decreased. With the grow-
ing popularity of custom harvesting and more
tonnage per hour of harvested material with big-
ger equipment, adding an additional packing
tractor may be required.
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Silage Feed-Out

Silo bags offer flexibility for segregat-
ing forages by type and quality soinventory can
be better managed. Bunker silosneed to besized
appropriately and kept narrow enough so ad-
eguate silage can be removed from the silage-
face to ensure fresh forage and minimize heat-
ing. Corn silage should be fed at arate to allow
at least 12 inchesor more of silageto beremoved
during warmer months, and 8 to 10 inches dur-
ing cooler temperatures. Splitting bunker silos
to reduce the width of the silage-face can be an
effective way to achieve an adequate removal
rate of the silage, while minimizing the amount
of DM loss and shrink due to air exposure. Al-
ways avoid knocking down more silage than is
needed for immediate mixing and feeding; this
should aso apply during cooler weather where
secondary fermentation can still occur. Some
dairy farms have gone to putting corn silagein
bunker silos and hay silage into bags, with the
ideathat corn silage is an easier crop to handle
in bunker storage. Silo bags must be packed with
adeguate tension on the bagger, kept on a solid
surface (not dirt or mud), and located to mini-
mize punctures to the plastic from animals,
equipment, or kids. Carefully monitor and man-
age any moisture changesthat can occur abruptly
with bagged haylage due to field differences.

Silage De-facers

Silage “de-facers’ are currently getting
lots of attention, with severa dairy farms pur-
chasing one in the last 1 to 2 years. Different
commercial de-facers are available as attach-
ments to telehanders or skid-loaders. More ex-
pensive stand-alone units are also available
which alow direct loading to the mixer after
silage faceremoval. Essentially, de-facersarea
mechanical means of loosening and removing
silage from the bunker-face without disrupting
the overall silage-face, otherwise caused by the
lifting with aloader-bucket. It'sthelifting of the
silage mass with the loader that tends to expose

more silage to oxygen and creates secondary si-
lage fermentation, heating, shorten bunk-life,
and spoiled feed. Feedback from dairuy farms
utilizing de-facershasgenerally been very good,
with the primary reason for satisfaction being
the better consistency of silage being fed. Safety
has also been mentioned as a benefit of the de-
facer by alowing the bunker or silage pileto be
higher while not risking the silage “cave-ins’
that can occur when removing silage with a
loader. Equipment cost and “wear and tear” on
the de-facer and associated equipment must be
considered, along with possibly additional time
required to load forage.

Questions on whether the effective fiber
and particle size of forage would be reduced
from the grinding action of the de-facers were
recently addressed in a controlled field study
(Sutter and Shaver, 2001). In this study, three
commercia de-facers (Vametal, Bunker Claw,
and Bunker Buster) were compared to bucket
removal (positive control) and hand-removal
(negative control), looking at any differencesin
particle sizereduction dueto the type of removal
method. No reductionin effectivefiber occurred
with either hay silage or corn silage with any of
the three different commercially available de-
facers when compared to either hand-removal
or unloader-bucket removal (Table 2).

Moldy Feed

Rations should be fresh, palatable, and
contain only quality forages. Spoiled and/or
moldy forage should be discarded. Unfortu-
nately, discarding spoiled foragesis not always
acommon practice. In arecent study at Kansas
State University, growing steers were fed high
silage rations, which contained 90% well-pre-
served corn silage or a blend of the well-pre-
served corn silage, and some spoiled corn si-
lage (from the top of the unsealed bunker silo)
(Whitlock, 1999). Steers receiving the ration
with spoiled silage had significantly lower DM
intake and lower organic matter, protein, and
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fiber digestibilities. Preventing the formation of
moldy silage and having a well-communicated
plan on how to handle and toss any moldy si-
lage is key to achieving high performance. A
common practice amongst the highest perform-
ing dairy farms is their commitment to avoid
feeding moldy or spoiled forages or feeds, al-
beit this can require that feed be discarded and
hauled. The prevailing attitude should be “lost
feed is better than lost milk and/or cow health
that is caused by moldy spoiled feeds’.

Moisture Monitoring

Successful feeding management is
highly dependent on delivering the proper
amount of each ingredient, which in turn is
highly dependent on accurate measurement of
DM of the feed. Errors commonly occur in de-
livering an accurate ration that doesn’t match
well with the formulated ration because of the
failureto either routinely or accurately measure
the DM content of wet ingredients, and then
adjust the rations accordingly to maintain the
proper proportions of ingredients. Thisis espe-
cially true for the DM proportion of effective
fiber and forage to concentrate levels.

There are a couple of primary reasons
behind when delivered rations are not well bal-
anced (although often well-formulated by the
person doing the nutrition work) due to DM
variation and inaccurate DM valueson thefeeds
(typically forages). Reason #1 — lack of a spe-
cific agreed upon plan for testing forages.
Rather than some type of random DM testing,
or testing forages after aproduction drop or nega-
tive situation has occurred, aspecific plan should
be in place for testing forages based on type of
forage, storage structure, weather, and/or thein-
terval between testing. The mind-set needs to
be that regular forage DM testing isan “invest-
ment” rather than a cost. Have a plan!

Reason #2 — lack of the right equip-
ment and a procedurethat’swell under stood
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tomeasureand determineDM in forages. Us-
ing either a microwave or Koster-tester with
accurate scales (+/- 1 gram) has been shown to
be an effective method of consistent and reli-
able on-farm DM determination. Although a
specific method must be followed with care, ei-
ther system is capable of generating reliable re-
sults. Neither the microwave nor Koster-tester
are particularly difficult to operate nor are ex-
pensive. Breakdownsin theaccuracy or reliabil-
ity of the DM measurements on-farm typically
come from corners being cut in the methodol -
ogy (either rushing or over-drying and burning
the sample) or poor scale accuracy. Variation in
chop length of the silage (particularly corn si-
lage) will affect accuracy. The finer the chop,
the more accurate the DM measurement can be.
It's in the best interest of every nutritionist to
take time to have a written DM determination
procedure that is well understood by the feeder
and is posted at the farm in a convenient loca-
tion for review. Taketimeto make surethe math
in the calculations is understood .

On-Farm VersusLaboratory Moisture

There continues to be some frustration
over the“residual moisture” that isn’t accounted
for with on-farm moisture testing. Often, a si-
lage sampleistested carefully onthedairy farm,
only to havethe samesilage DM comeback from
acommercial laboratory at 2 to 3% units lower
(Peters, 2000). Approximately 2 to 3% residual
moisture is typically measured in samples sub-
mitted to commercial laboratories over and
above the moisture content measured on-farm
using a microwave or Koster-tester. In other
words, an identical sample of silage could have
a DM content of 34% as measured on-farm,
while the same sample tested in a commercial
laboratory might indicate the silage contained
32% DM. Lab tested results will typically be
higher moisture, or lower DM content, due to
residual moisture. The residual moisture figure
can range from 1 to 6%, depending on operator
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accuracy at the farm, and the type of silage
sample being tested. Although both microwave
and Koster-testers have similar accuracy when
operated under sound methodol ogy, the results
with amicrowave will tend to be more variable
on-farm due to more frequent incomplete dry-
ing or burning.

Figure 2 shows the results of different
methods widely accepted and used to measure
DM content. The unpublished results (Barmore,
1997) were compl eted through aresearch project
team, including the Dairy Science Department
at the University of WI-Madison , School of
Veterinary Medicine at the University of WI,
Rock River Laboratory (Watertown, WI), and
VitaPlus Corporation (Madison, WI). Thesere-
sults on both corn silage and haylage clearly
showed that the widely accepted oven-methods
of drying forages, namely forced-air and con-
vection oven-drying, resulted in lower moisture
and higher DM content than the procedure (Karl
Fischer) utilized to measure total moisture, in-
cluding what many consider the residual mois-
ture. During the time of the research, the labo-
ratory industry did not have a standardized pro-
cedure for testing moisture. Now as of January
1, 2002, the National Forage Testing Associa-
tion has implemented a standardized moisture
test, where all certified forage testing labs will
use an oven-dry at 105° C for exactly 3 hours.
Having all certified forage testing labs using a
standardized moisture testing procedure should
help bring some consistency and answersto the
often asked question of why moisturetesting re-
sults are quite variable.

So if residual moisture is real, does it
really make sense to take the time to measure
forage moisture on-farm? Absolutely! Even
though a commercial laboratory DM content
should be used to balance rations, regularly
measuring forage moisture on-farm allows the
DM content to be watched and monitored
closely. On-farm moisture determination can be
accurate and repeatable with excellent operator

procedure; however, the results will be biased
towardsthe moisture being lower than commer-
cial laboratory values on moisture. Having cur-
rent DM values on theforages at the dairy farm
allows relatively simple ration adjustments in
the forage levelsto be made immediately, with-
out having to wait for an entirely new ration to
be rebalanced and implemented, often with alag
of several days. Of course, significant DM
changes in the forages should signal that new
rations be balanced to make sure other nutrients,
such asfiber and protein, haven't changed. With
regular DM monitoring on-farm, arelationship
of the on-farm DM percentage and the corre-
sponding lab DM content will develop quickly.
Having on-farm DM content is invaluable dur-
ing corn silage harvest when dry-down occurs
rapidly, and the harvest window must be closely
managed to prevent corn silage from getting too

dry.
TMR Mixers

According to Kammel (1999), there are
over 20 different mixer manufacturers in the
industry, and in general, the different types of
mixers seem to be doing an adequate job of mix-
ing TMR. Typesof mobileTMR mixersinclude
auger (1,2,3, and 4 auger models), reel auger,
and vertical screw mixers. Mixersvary consid-
erably in their ability to handle and mix long
hay, with vertical screw mixershaving thegreat-
est capacity for handling hay. Over only a few
years, the market demand has produced mixers
that can process and mix ahigh level of hay, to
the other extreme of mixersthat fail at uniformly
mixing hay. The design changeto alow process-
ing and mixing of hay has created another po-
tential problem with misuse of the mixers de-
signed for hay (really aprocessor), causing par-
ticle sizereduction when excessive mixing times
occur. Kammel (1999) has a complete discus-
sion of TMR mixer design, selection, and oper-
ating guidelines that should be reviewed.
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Huffman (cited by Hutjens, 2001c)
found five different TMR mixers (two auger
mixers, two different reel mixers, and one verti-
cal) to be similar in their mixing characteristics
of aTMR that included 5.4% hay (of the DM).
Theparticle sizedistribution and evaluation was
done using the Penn State Separator box
(Lammers et al., 1996). A key cited by the au-
thor was that the mixing sequence of ingredi-
ents was determined by factory representatives
for thelir respective TMR mixer and that recom-
mended mixing times might vary by type of
mixer. Similar work comparing horizontal and
vertical mixersfound littledifferencein particle
size distribution when mixing times were fol-
lowed (Rippel et. a., 1998).

Proper blending and uniform mixing re-
quires that there be no dead spots or non-mixed
feed in the mixer. While most mixers are de-
signed with thisin mind, some do not have suf-
ficient ingredient flow to adequately blend lig-
uids or minerals that are rapidly added to the
mixer. Some mixers do not have proper ingre-
dient flow and movement when the batch size
is too small for the mixer capacity potentially
creating areal challenge with transition rations
often mixed in smaller batch sizes. A TMR mix-
ing accuracy check should be done with all ra-
tions but in particular smaller batch size mixes,
such as transition cow TMR. As discussed by
Buckmaster (1998), mixer capacity is key to
designing and selecting a TMR mixer feeding
system.

Mixing Hay

Dry baled hay isone of the biggest chal-
lengesto proper TMR mixing and feeding. With-
out grinding or processing the hay prior to mix-
ing, it is amost impossible to use an auger or
reel typemixer and consistently get agood TMR
mix of hay wherethe hay won’'t be sorted by the
cows. This becomes even a bigger challenge
when feeding Midwest grown hay versus west-
ern or Canadian hay that tendsto mix better with
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smaller stem size and typically being of higher
quality. Although very palatable, high quality
grasstype haysusually cause problemsfor most
mixers because it wraps around the augers and
isdifficult to incorporate into the mix.

The amount of hay that can be incorpo-
rated and properly fed is a function of the type
of mixer (Salfer, 2001). Most auger type mixers
on the market can handle asmall amount of hay
(less than 5 to 8% of DM). Larger amounts of
hay can be incorporated in more aggressive au-
ger type mixers and virtually al vertical mix-
ers. Clearly, thevertical mixer designisthe best
overall at processing either long-stem hay or
wrapped balage, and thus this has led to their
growing popularity. It's key with any type of
mixer, and particularly with vertical mixers or
mixers with a “hay unit or saw tooth augers’,
that the mixing time, sequencing of ingredients,
and evaluation of forage particlesizeinthefresh
TMR and the feed refusals be followed and
monitored continuously.

Mixer Capacity

Shaver (1998) listed six areas of mixing
error that can occur, including: 1) batch sizetoo
small, 2) batch size greater than mixer capacity,
3) trying to mix too much hay, 4) improper se-
guencing of ingredients, 5) under-mixing or in-
adequate uniformity in the mix, and 6) over-
mixing causing reduction of forage particlesize.
Most mixersare not very effective at uniformly
mixing a ration when too full. Mixer manufac-
turerstypically refer to the maximum fill capac-
ity as a percentage of “struck full” or level-full
capacity. Fill capacitiesgiven by manufacturers
range from about 60 to 90% of struck full ca-
pacity in order to achieve optimum mixing effi-
ciency.

To determinethe optimal sizeof aTMR
mixer, figure that atypical ration will range be-
tween 15 to 20 Ib per cubic ft, with an average
Midwest ration having a TMR density around
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17 1b per cubicft. Feed intake varies dueto many
factors, but alarge breed lactating cow will typi-
cally consume between 5 and 7 cubic ft/day of
TMR . As hay content increases, the cubic feet
consumed daily also increases. In order to esti-
mate an approximate TMR mixer size, take the
maximum number of cows in a group, multi-
plied by 6 to 6.5 cubic ft per cow, and then di-
vide by the number of feedings per day
(Kammel, 1999). This figure in turn should be
divided by the maximum fill capacity (60-90%)
to determine the overall TMR mixer size.

Mixing Time

The goal and reason behind adhering to
a constant mixing time is to obtain a uniform
mix, while maintaining the desirableforage par-
ticlelength...each and every day! Over-mixing
is clearly a problem as far as reducing particle
size of long forage (Rippel et al., 1998). Differ-
ent mixer typesand sizes carry different recom-
mendations regarding mixing times and proto-
col. Typically, the manufacturer’ srecommended
mixing times range from 3 to 6 minutes
(Kammel, 1999). Over-mixing continues to be
a problem, but maybe even more common, is
the problem with inconsistent mixing times.

If insufficient mixing time occurs, the
ration composition can be altered considerably.
If theload is split between two groups, this can
become a big issue. Even if the incompletely
mixed ration is delivered to just one pen, con-
sider the impact of the altered ration composi-
tion on individual cows. The question
becomes...” Is the recommended mixing time
whileloading all ingredientsor isit after all in-
gredients are added?’ With rations heavily de-
pendent on commodities, itiscommon for load-
ing times to exceed 15 to 20 minutes. Should
the mixer be running during the entire loading
period? When determining the optimum mix-
ing time, the goal is to consistently achieve a
well-mixed uniform ration while maintaining the
effectivefiber and forage length. Depending on

the mixer type, this often means that the grain,
protein, and small particlefeedsareloaded first,
mixed, and then thelong particleforageisadded
last, with a mixing time of 3 to 6 minutes fol-
lowed after the forage isadded. There are many
situationswhere the recommended mixing times
and sequencing of ingredients is not followed
due to the load sheet format, the storage loca-
tion of ingredients and forages, location of the
feed bunks, use of bulk bins, etc...

Ingredient Sequencing

The physical properties of different in-
gredients can influence the mixing, particlesize,
density, adhesiveness, and dustinessof the TMR.
Particle size, particle shape, and density are be-
lieved to have the greatest impact on ration mix-
ing and uniformity. Particle retention on the top
screen was manipulated as much as 30% by al-
tering the inclusion of hay from the first to the
third order in loading sequence (Rippel et al.,
1998). The bulk density differences of grain
compared to forage, and minera being two to
three times more dense than grain or protein,
creates mixing challenges. Generally, thelighter
and larger particles tend to move upward in the
mixing process, while the smaller more dense
particles gravitate downward in the mixer. Be-
cause of this, some recommend that the larger
particle sized foragesbe added first, with grains,
proteins, and mineralslast. However, any reduc-
tion in forage particle size from this method of
mixing would have to be questioned. The best
compromise may be to utilize a “pre-blend”
where the smaller and more dense ingredients
(protein, grain, minerals, fats, additives, etc...)
arepre-blended prior to adding to the mixer, and
then added as “one ingredient” to the TMR
mixer. Thisallows foragesto be added towards
the end of the mixing process, while ensuring a
uniform mix on the other ingredients.
Buckmaster (1998) discussed how mixing can
be evaluated and modified on the dairy farm.
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Utilize Pre-blends

Whether multiple ingredients are
blended together on-farm or as a service pro-
vided by afeed company or local mill, the mer-
its of pre-blending to minimize mixing errors
and to reduce shrink should be strongly consid-
ered. Mixing ingredients together, such as pro-
teins, minerals, vitamins, feed additives, and
energy sources, inalarge quantity asapre-blend
or “surge mix” improves the odds of a more
consistent ration, while reducing shrink caused
by mixing error.

Consider asituation wherearation calls
for fivedifferent ingredients, other than forages,
that are added to the mixer individualy. If a
feeder overfeeds (usually over-fed versus under-
fed) each ingredient by an average of 20 Ib per
load (just an extra shake of the loader bucket),
then by adding five ingredients separately, the
feeder would bewasting 100 |b of feed per |oad.
If six loads of TMR were being fed each day for
all milking pens, then a total of 600 |b/day of
extra feed would be mixed. With an assumed
average value of $0.065 per pound for al five
ingredients, this would amount to $1170 per
month of “feed shrink”.

Comparethisto using apre-blend of the
five ingredients, where instead of adding five
different ingredientsto all six TMR loads, only
the one pre-blend ismixed. With the same over-
feeding rate of 20 Ib for the pre-blend, multi-
plied by the six TMR loads daily, the amount of
pre-blend over-fed per month would be 3,600
versus 18,000 Ib for the five separate ingredi-
ents. Assuming amixing or labor charge of about
$15 per ton, the pre-blend average cost becomes
$0.0725/1b or atotal of $261 per month com-
pared to the $1170 charge when the ingredients
were fed separately. On an annual basis, this
would amount to afeed cost savings of $10,908
using the pre-blend versus individual ingredi-
ents. Although, variation in mixing errorswould
be expected from dairy farm to dairy farm,
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experience has shown that mixing errors (over-
fed) lessthan 20 Ib per ingredient would be the
exception rather than the rule. It's only natural
that low inclusion rate ingredients are more sus-
ceptibleto mixing errors, asareingredients that
tend to be sticky or are more difficult to handle.

Pre-blends also will minimize the
amount of over-mixing and potential forage par-
ticle size reduction that could occur. Shaver
(2001a) has discussed mixing errors and effec-
tive fiber evaluation.

Advantages of a Pre-blend:

¢ Reduces carrying cost of ingredient
inventory,

¢ Improvesingredient quality control,

¢ Just-in-time inventory, potentially
fresher feed available,

¢ Risk exposure reduced and shared with
third party,

¢ Minimal cost differences for blending,

¢ Additiona servicespossibly providedin
conjunction with pre-blend, and

¢ Labor savings and more cost-effective
deployment of on-farm labor.

Accuracy of Loading

Knowing the accuracy of how ingredi-
entsareloaded into amixer isimportant to mini-
mize mixing errors which will limit milk pro-
duction and likely compromise cow health. From
an expense management perspective, knowing
the accuracy of loading and mixing iskey. Some
of the common tools used to determine the ac-
curacy of loading and mixing are: 1) TMR nu-
trient analysis, 2) particle size evaluation, 3)
marker or tracers blended and tracked, 4) hand-
recorded feeding logs, and 5) use of software
programs which interface with mixer scales.

A big potential advantage of implement-
ing amonitoring program isthe ability to better
manage the cons stency of the day-to-day rations
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being delivered to high producing and special
needs cows. The key to improving mixing ac-
curacy, feed inventory control, and reducing
shrink and variation is setting up a well-under-
stood and effective monitoring system for mea-
suring feed disappearance charged against in-
ventory. Many examples can be cited of adairy
farm that experienced a significant health chal-
lenge with fresh cows, or adairy farmthat lost a
large amount of milk production and income
over time because of errorsthat were being made
inthemixing or feeding program, yet essentially
no records were available to determine specific
causes or to allow implementation of a better
management plan.

There are several methods for monitor-
ing and tracking the actual loading, mixing, and
feeding process. No one systemwill fit all dairy
farms, and no system is 100% accurate. Essen-
tially, there are three ways to approach setting
up a monitoring system, including: 1) using a
simple “pencil & paper” system of recording,
2) using spreadsheets, or 3) using a computer-
ized software program specifically devel oped for
tracking and monitoring feeding and invento-
ries. For any of the systems used, determining
forage inventories can be one of the more diffi-
cult steps. Forage storage capacity charts can be
used to fairly accurately determine how much
forageisin inventory based on measured com-
paction density and the size of the bunker or bag.
A detailed discussion of monitoring systems can
be reviewed in the paper by Barmore (2001) or
as presented by Bucholtz at this 2002 Tri-State
Conference.

Feed Delivery & Bunk Management

Feed bunk management can be quite
comprehensive, including all aspects of deter-
mining the batch size, frequency of feeding, tim-
ing of feeding, feed delivery to the bunk, feed
push-ups, feed stability and bunk-life, actual
intake and recordkeeping, feed sorting, feed
refusal management, and the bunk environment,

including stocking density and manger design.
The goal is provide a fresh, high-quality, non-
sorted ration at al times, where cows can get
feed when they want in unlimited quantities,
without competition from other cows with both
feed and water available in acomfortable envi-
ronment. Bunk management practicesthat cause
cowsto eat fewer and larger mealsmore quickly
may be associated with an increased incidence
of ruminal acidosis and laminitis (Shaver,
2001a). Ruminal pH declines following meals,
with the rate of decline increasing as meal size
increases and as dietary NDF concentration de-
creases(Allen, 1997). Severa reasonsthat cause
slug feeding, or larger meals, were cited by
Shaver (2001a), including: 1) limited bunk
space, 2) limited feed accesstime, 3) restricted
feeding, 4) inconsistent feeding schedule, 5) in-
frequent TMR push-up, and 6) bunk competi-
tion.

Frequency of Feeding

Feeding the TMR once per day hasbeen
successful inresearch trialsand on high-produc-
ing dairy farms. The advantage is the lower la
bor required for feeding and that the feed mix-
ing is typicaly controlled by one person or a
single labor shift. Providing abundant feed to
the full length of the bunk, with extra TMR in
the areas closest to the waterers, is required,
along with frequent TM R push-up to make once
per day feeding work well. The TMR push-up
of at least four to six times daily is common,
with constant availability of non-sorted fresh
feed being the key rather than a specific number
of push-ups. Minimizing sorting of the TMR is
very important, with agoal of the top screen of
the Penn State Shaker box not changing more
than 5% units over the 24 hour feeding period
(ie. fresh TMR on top screen = 8%, refusals at
23 hourson top screen <13%). If excessive sort-
ing occurs, ration conditioners such as water,
liguid molasses, and wet by-products can be ef-
fective in reducing the amount of sorting that
occurs. Shaver (2001a) identified severa prac-
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tical management practices that can be imple-
mented to minimize and address sorting issues.
Thefrequency of mixing and feeding freshTMR
should be increased anytime the TMR is heat-
ing in the bunk due to warm conditions or un-
stable silages. Often herdsthat practice once per
day feeding in the winter will shift to twice a
day mixing and feeding in the spring as tem-
peratures begintorise. Thosefeeding at outside
bunks may need to increase feeding frequency
during periods of inclement weather.

Bunk Space & AccessTime

The combination of limited bunk space
(<16 to 18 inches per cow) space and limited
feed access time (<18 to 20 hours per day) is
worsethan either alone. Overcrowding of apen
or penswith afeed alley lessthan 12.5 to 13 ft
in width can also limit the access time to the
bunk. Six-row barns with feed alleys less than
12.5t0 13 ft in width should not be overstocked
beyond 100% since the square footage per cow
isaready reduced due to the barn design; over-
stocking can significantly compromise the bunk
accesstime and potentially feed intake and effi-
ciency. Currently, my recommendation for lac-
tating cowsisthat bunk space alwaysbe greater
than 16 to 18 inches per cow, with 2 ft per cow
preferred. Special needs cows or transition cows
should have a minimum of 2 ft per cow, with 3
ft per cow preferred. Michigan State data(Dado
and Allen, 1994) would suggest that the meal
behavior of first-lactation heifers is different
from older cows, and work from Krohn and
Krongaard (1979) indicated advantages to hav-
ing first-lactation heifers eating separate from
older cows. My field experience strongly sup-
portsthese data, particularly where stocking den-
sity or crowding areanissue. First lactation heif-
ers should be allowed to access a bunk separate
from older cows if possible; this seems to pro-
mote better bunk access time for them.
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Bunk-Life and Sability

Bunk stability refersto thefreshnessand
stability of the TMR over time. Problems arise
with warm or hot feed, moldy or musty smell-
ing feed, and slimy or stinky feed particles
(Hutjens, 2001b). In general, high producing
cows will not eat as much DM with even mod-
erate levels of heating of the ration occurring,
with transition cows being even more selective.
Feed digestibility can decline due to warm or
heating rations, while the risk of mold spores
growing and multiplying increasessignificantly.
Adding moldinhibitors can slow ration deterio-
ration caused by heating, often stretching the
time necessary between feedings. Products con-
taining a blend of organic acids often will pro-
vide better bunk-life and stability, but typically
these products are more expensive than using
only proprionic acid. Safety with any liquid mold
inhibitor should always be a priority.

Timing of Feeding

Cows have mgjor TMR meal patterns
after milking (Menzi and Chase, 1994, Shaver,
1998), thus fresh TMR should be available to
cows after they come back to the bunk from
milking. Thisalso servesthe purpose of encour-
aging cows to remain standing to allow more
competeteat-end closer beforelying down. Pens
with higher stocking density or limited bunk
space will typically respond positively to hav-
ing fresh feed available as the first cows return
from milking. As these cows finish eating and
begin to return to the freestalls, the last of the
cows from that pen are returning from milking
and are able to find open space at the bunk.
During warmer weather, cowswill shift ahigher
portion of their total feed intake to the late
evening and early morning, thus fresh feed
should always be provided in the evening.
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Feed Refusals

Feeding for 4 to 5% refusals is a com-
mon recommendation. This is particularly im-
portant with pens where cow numbersfluctuate
widely or frequently or for pens of early lacta-
tion cows where feed intake is ascending rap-
idly. Typically, refusals are pushed out and fed
to steers, low group cows, dry cows, or replace-
ment heifers. With stronger emphasis on
biosecurity and Johnes disease, the recommen-
dation is often made not to feed any refusalsto
replacement heifers or younger animals. Hav-
ing steers available really doesn’t provide avi-
able option for many dairy farms, thus leaving
the question of how to best managetherefeeding
and use of refusalsto dry cows and/orgroups of
low producing cows. Lets clarify an important
point...there are good quality refusals and then
there at times* garbage” refusalswherethefeed
ishot, limy, and stinky. Real smple...garbage
refusals should be discarded and not fed to any
animals. Refusalsthat still have good feed qual-
ity can beremixed and fed, preferably to thelow
group cows at afixed rate and small percentage
of the overal ration. Although feeding refusals
to dry cows can work, the amount of refusals
available often varies considerably along with
having limited numbersof dry cows. Thisinturn
resultsin dry cows getting too much good feed
and becoming over-conditioned. Thisis areal
watch-out with feeding refusals to dry cows.

Slick Bunk M anagement?

So what about theidea of feeding lactat-
ing cowsto an empty bunk?Loerch (2001) sug-
gested that the dairy industry should investigate
the application of “slick bunk” management for
|actating cows, based on the experiences of many
in the beef feedlot industry. He suggests that
having feed always available isn’'t bunk man-
agement but rather a*high labor, high cost, self-
feeder”. He brings forward several good points
that the dairy industry should consider further.
Several research studies with beef cattle have
shown better feed efficiency, smilar animal per-

formance, less digestive disorders, and more
consistent feed intakes when fed to aslick bunk
(Pritchard, 1998).

Infact, afew dairy farmshave successfully
implemented adick bunk management schemeand
are quite satisfied with the cow performanceand
arevery pleased with thereduced level of feed re-
fusals. Sofor thedairy industry, aquestion may be
“If dick bunk mangement isbeing considered, isit
toreducethelevel of feed refusalsor toimprove
cow performance?’. Becauselactating cows eat
much greater quantitiesof feed than beef cattleand
becauseitiswidely accepted that milk production
islargely driven by feed intake, | feel quitecom-
fortablesaying that dick bunk management will not
improve lactating cow performance over feeding
fora4to5%refusa level. Milton (1998) reported
that feedlot cattlefed to adlick bunk had reduced
frequency of meals (4.5 versus 8.2 mealsper day)
and had greater average meal size(7.7 versus 3.5
Ib per meal) than cattlefed ad-libitum. As stated
earlier, Allen (1997) hasshownthat increasing the
meal size of lactating cowswill causeadeclinein
ruminal pH. Milton (1998) also reported that de-
viaionsof 2to4 hoursfromanormal feeding sched-
ulegreatly increased therisk of acidosisin feedlot
cattle.

From my perspective, alogica discus-
sion around slick bunk management deals with
the growing costs associated with thelarge quan-
tities of feed refusals larger dairies are experi-
encing. With 1000 milking cowsonadairy farm,
feeding TMR for a 5% feed refusal often
amountsto over $50,000 worth of feed being at
best devalued and at worst discarded over one
year. If refusals could be managed closer to 2 to
3% across the milking herd, thiswould account
for $25,000 to 30,000 infeed savingsannually.

Redlisticaly, | don't seemost dairy farms
capable of managing for aslick bunk given the
large amount of variation that occurs in forage
moisture, cow movement between pens, feed-
ing times varied, limited controls, and
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monitoring of the feeding process. | do think an
achievablegoal for very well managed dairy farms
istoreducethelevel of feed refusalsto 2 to 3%
versusthemore common 4to 6% levels, alowing
significant feed savingsto occur without compro-
mising cow performance. Thisrequiresexcellent
foragequality, mixing and feeding, and overdl man-
agement. For even thewell managed dairy farm,
my quick answer to thefeasibility of slick bunk
management is”It’spossible, but not very practica
or redigticfor thevast mgority of dairy farmsgiven
the challengeswith labor and day to day inconsis-
tenciesthat typically occur”. From aresearch per-
spective, the concept proposed by Loerch (2001)
on dick bunk management for the dairy industry
probably warrantsmoreinvestigation.

Water Delivery

Although not technically part of thefeed-
ing, water delivery needsto be mentioned inthis
paper to help bring awarenessto what | believe
isawater delivery problem onmany dairy farms,
Historically, the most common problem seen on
dairy farmswith water wasthefilth and quality
of the water due to dirty waterers and the diffi-
culty to keep them clean. Although it is a con-
stant challengeto keep fresh quality water avail-
ableto cows, theissue of keeping waterersclean
has improved considerably in the industry. A
more common water delivery challenge seenin
my on-farm work involves giving the cows ad-
eguate space around the waterers so more than
1 to 2 cows can drink at any given time. This
wasdiscussed in an article by Roenfeldt (2000),
while an excellent paper on water delivery was
done by McFarland (1998).

Monitoring and Tracking Success

Understanding and implementing acom-
prehensive monitoring program for the mixing,
feeding, and bunk management needs to incor-
porate anumber of observationsand recordings,
many of which have been mentioned in this pa-
per. Further discussion on how to fully monitor the
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successof thefeeding management isredly outsde
the scope of thispaper. Recent papersand articles
by Barmore (2000),Batchelder (1998), Bethard
and Stokes (1999), Dickrell (2001), Hall (2001),
Hutjens (2001a), and Shaver (2001a) fully cover
thetopic and can bereviewed.

Implementation & Summary

Feed costs represent the single largest
variable expense of producing milk. Many dairy
farms have the ability to monitor and track in-
ventories, mixing, and feeding but lack a well
thought out system and plan. The economic in-
centives for creating such a plan are large. Of-
ten, when data are available, they are under-uti-
lized. Collecting feed quality and variation in-
formation, feed disappearance, and feed inven-
tory information allows one to more quickly
uncover areas of needs to avoid issues that oth-
erwise would arise with cow hedlth, lost pro-
duction, or higher than expected feed costs.

Experiences have shown that by estab-
lishing as part of afeeder’sjob description the
expectations for monitoring feeding and mix-
ing, and at the same time giving the feeder the
monitoring tools, that significant reductions can
be made in the variation that occurs from load-
to-load or day-to-day. Reducing thevariationin
therationsdelivered, whilereducing feed shrink,
arereal opportunitiesavailableto thedairy pro-
ducer for better managing a significant area of
risk. Records and monitoring are always a key
to improving and must be considered a key to
building a better feeding management plan to
address reducing risk exposure.

Begin by making a commitment to im-
proving the mixing and feeding management and
managing the feeding process on adaily basis;
speak to this commitment with employees and
other professionals supporting the dairy farm.
Understand the areas which contribute to the
greatest variation, whilebetter understanding how
to best manage specific types of mixers. Clearly
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communicatethat feedinventory, feed removal from
storage, mixing, and shrink along with bunk man-
agement are part of thefeeder’sresponsibilities,
includingwritingitinto thejob roleand description.
Provideon-going training for these sameemploy-
€es.

Develop an organized, yet smple, moni-
toring program that will be embraced by the
feeder, nutritionist, veterinarian, ag lender or
accountant, and management team alike. Rec-
ognize the significant costs associated with
variation and feed shrink that occur in afeeding
program, deploying the proper amount of re-
sources in labor and capital to allow improve-
ments to be made. Investment and changes in
feeder training, proper feed handling equi pment,
mixers, storagefacilities, and binsand computer
feeding software often are solid investmentswith
relatively quick returns. Set clear expectations
with the entire dairy management team as to
what the goalsand commitmentsarefor improv-
ing mixing, feeding variation, and feed shrink.

Now get busy, and celebrate the success
and improvements along the way!
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Tablel1. Bunker silodensitiesfrom 168 Wisconsin bunkerst.

Characterigtic Hay Crop Silage (87 silos) Corn Silage (81 silos)
Average Range SD* Average Range SD*
Dry matter, % 42 24-67 9.50 34 25-46 4.80
Wet density, Ib/ft3 37 13-61 10.90 43 23-60 8.30
Dry density, Ib/ft3 14.8 6.6-27.1 3.80 145 7.8-236 290
Particle size, inches 0.46 0.27-1.23 0.15 0.43 0.28-0.68 0.08
!Data taken frm Holmes and Muck (1999).
* SD = standard deviation.
Table 2. Particle size evaluation of silage removed with a de-facer.!?
Top or Coarse Middle Bottom or Fine
Farm Forage Bunker-Facer  Fraction, % Fraction, % Fraction, %
A AlfdfaSilage Vametal 39.7 45.0 15.3
A AlfadfaSilage Hand 40.1 44.7 15.4
B Corn Silage Valmetal 10.6 74.2 15.2
B Corn Silage Hand 11.6 75.0 134
C AlfdfaSilage Vametal 27.0 46.3 26.7
AlfalfaSilage Bunker Buster  31.8 419 26.2
AlfalfaSilage Bunker Claw 30.5 44.8 24.8
AlfdfaSilage Hand 30.9 45.1 24.0
D AlfalfaSilage Bunker Buster  43.2 40.3 16.6
AlfalfaSilage Bucket 48.2 42.6 9.3
AlfadfaSilage Hand 45.7 33.7 20.6
Corn Silage Bunker Buster 6.0 78.3 15.7
Corn Silage Bucket 11.2 74.3 145
Corn Silage Hand 7.6 77.4 15.0
SEM 1.6 13 1.1
Effects
Farm P<0.01 NS P<0.001
Forage Type P<0.001 P<0.001 NS
Sample Day NS NS NS
Facer System NS NS NS
Interactions NS NS NS

!Data taken from Sutter and Shaver (2001).
2NS = not significant and SEM = standard error of mean.
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Figure 1. Relative accuracy of adelivered ration expressed as a percentage of formulated accuracy
(assumed to be 100%).

Forage Dry Matter Methodology Comparison
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Figure 2. Comparison of different methods for determining forage DM (Barmore, 1997,
unpublished). All valuesrepresent percentage of DM inforages, Conv-UW = Convection oven at 100°Cfor
8 hours, g. Oetzel, Univ. of Wisconsin, Madison; K. Fischer = Karl Fischer procedure, W. R. Windham,
USDA AthensGA; FAIr-UW =forced-air oven (50°C for 24 hours) + near infrared reflectance (NIR), Rock
River Laboratory, Watertown, WI; MW+NIR RR = microwave plusresdua moistureby NIR (calibrated on
Karl Fischer), Rocker River Laboratory, Watertown, WI; and F. Air + NIR RR =forced-air oven, 60°C for
48 hours, D. Combs, Univ. of Wisconsin-Madison.
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Appendix |. Profile of nine Wisconsin, high producing herds during January 2002 (J. A. Barmore,

unpublished).
| Parameter Herd 1 Herd 2 | Herd 3 | Herd 4 | Herd 5
Breed Holstein Holstein Holstein Holstein Holstein
Milking Cows 550 1532 240 375 830
Milking Frequency 3X 3X 3X 3X 3X
Milk, Ib/cow/day 97 87 102 88 90
% First-Calf Heifers 36 25 33 ? ?
% Holstein Cows 100 100 100 100 100
% Milk Fat 3.45 3.8 3.66 3.5 3.77
% Milk True Protein 3.03 3 2.98 2.9 2.95
Posilac Used Yes Yes Yes Yes Yes
Posilac Start, DIM 85 65 70 75 >70
# Cows 1994 350 ? 170 265 380
# Cows 1998 581 ? 190 268 650
# FT Employees 14 30 4 7 8
# PT Employees 2 10 2 3 4
Facilities - Milking Cows
Freestall Design 4-Row 6-Row 4-Row 4 & 6-Row 4 & 5-Row
Bedding Type Deep Rice Hulls Sand Mattress Mattress Sand
Manger Design Lock-ups Post-n-Rail Lock-ups Lock-ups Lock-ups
Lock-Up Time 3 hriwk ? 0 1 hr/day ?
Fans Holding Pen Holding Pen Holding Pen Holding Pen Holding Pen
Freestalls Freestalls Freestalls Freestalls No
Manger No Manger Manger Manger
Sprinklers Yes No Yes Yes Yes
Waterers, #/pen 3 2 2 3 3or4
Waterer, inch/cow 3 ? ? 1.75-29 2.7
Breezeway water No Yes No Yes Yes
Bunk Space/cow 2 ft. ? 2 ft. 22.6 inches 22 inches
Bunk Access, hr/day 21.5 20 20 21 20
% High Pen Density 104 114 116 100 115
1st Calf Separate Yes Yes Yes Yes Yes
% 1st Calf Density 104 114 116 109 117
Feed Storage & Ingredients
Bagged Silage Alfalfa, Cereals No No Oats, Alf, Corn | Alf, Corn, Cereal
Bunkers Corn Silage Alf & Corn Silage |Alf & Corn Silage| Alf & Corn Silage | Alf & Corn Silage
Piles No No Corn Silage No No
Upright Silo HM Shell Corn No HM Shell Corn | Oatlage, HMSC |HMSC, Stalklage
Commodity Bays Ingred. Blend Chp Hay, SBM Cottonseed No Mineral
WCS, Gluten Fd WCS, Gluten Fd
Upright Bins No Protein, Mineral | Protein Blend Protein, Corn SBM, Distillers
Dry Corn Gluten Fd, Bt Plp
Liguid Fat/Molass. No Yes-Fat No No Yes-Molasses
Water Added No No No No No
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Appendix | (continued).

Parameter | Herd 1 Herd 2 Herd 3 Herd 4 Herd 5
Milking Cows 550 1532 240 375 830
Milk, Ib/cow/day 97 87 102 88 90
DM intake, Ib/cow/day 54-56 60 63 53 58
Forage & Feeding Management
Preblend (PB) Used Yes No Yes No Yes
# Ingred. Preblend 6 0 ? 0 5
Freg. Mixing PB 3x/week 0 1x/day 0 2x/week
Silage Removal 8"/day 12-16"/day 4-6"/day 4-6"/day ?
Silage De-facer No Yes No No Yes
Purchased When Considering Fall 2001 None None Built 2000
Satisfaction, 1to 5 None 4 None None 5

Silage De-facer Satisfaction Rating: High =5, Low = 1.
Moisture Tester Lab Koster Lab Koster Koster
Haylage Weekly Daily with Changes 2x/week 1-2x/week
Corn Silage Weekly Daily with Changes 2x/week 1x/week
TMR Rain Adjusted Yes Minimal Feeder Est. Yes Yes
Monitoring/Record EZ-feed EZ-feed Intake Daily DMI/Refusal EZ-feed
Bought/Satisfied ~3 yr/Good ~6 yr/Excellent None None 3 yr/Fair
Mixer & Mixing
Mixer Type 4-auger 4-auger vertical 4-auger 4-auger
Mixer Age 5yr 2. yr 5 yr 6 yr 3yr
# Batches/Day 5 15 6 10 8
Mixer Size, cu ft. 750 ? ? 540 ~900
Fill Level, % Struck 90 ? ? 90 85
Hay in TMR, Ib/cow/day 2-Fresh Cows |2-Transition Cows| 2 0.75 No
Hay Source Canada Wi WI Wi None
Hay Processed No Slicer Vertical Mixer Chopped None
Target Refusal, % 5 2 1-2 Zero 3-5
Refusals Fed Yes-Heifers | Yes-Low,Heifers No Yes-Heifers Yes-Heifers
Fed When 9 months Year-round None Year-round ~10 months
Refusal Recorded Yes Yes No Yes Yes
Bunk Clean-Warm Daily Daily 2X Daily Daily
# Push-up/Day 4 610 8 None 7 5
Mix Time>Last Ing 5 min 3 min 5 min 40 revolutions 3.5 min
Load Time/Batch 20 min 15 min 45 min 30 min 20-25 min
Hay Sequence lstoutof 7 7th out of 11 3rd out of 5 8th out of 11 None
Haylage Sequence 2nd out of 7 8th out of 11 5th out of 5 9th out of 11 2nd out of 4
Corn Silage Seq. 7th out of 7 9th out of 11 4th out of 5 11th out of 11 4th out of 4
Feeding Frequency
Summer Freq. 2x - every 12 hr 1x 1x 4x 2X
Winter Frequency twice in 2 hrs 1x 1x 4x 2X
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Parameter Herd 6 Herd 7 Herd 8 Herd 9
Breed Holstein Holstein Holstein Holstein
Milking Cows 565 360 335 575
Milking Frequency 3X 3X 3X 3X
Milk, Ib/cow/day 95 98 93 90
% First-Calf Heifers 36 28 29 38
% Holstein cows 100 100 98 100
% Milk Fat 3.6 3.71 3.62 3.9
% Milk True Protein 2.9 2.95 3.07 2.94
Posilac Used Yes Yes Yes Yes
Posilac Start, DIM 57 63 65 60
# Cows 1994 110 112 125 550
# Cows 1998 565 137 175 575
# FT Employees 10 7 5 14
# PT Employees 5 2 0 2
Facilities - Milking Cows
Freestall Design 3 & 6-Row 6-Row 4-Row 3-Row
Bedding Type Sand Sand Sand Sand
Manger Design Post-n-Rail Lock-ups Lock-ups Post-n-Rail
Lock-Up Time 0 1 2 0
Fans Holding Pen Holding Pen Holding Pen Holding Pen

Freestalls Freestalls Freestalls Freestalls
Manger Manger Manger Manger

Sprinklers No Yes Yes Yes

W aterers, #/pen 2 3 2 2

W aterer, inch/cow <2 4.3 ? 1.3

Breezeway water No Yes Yes Yes

Bunk Space/cow ~15 in. 17.3in. 20 in. 14.3in.

Bunk Access hr/day 21 21 20 21

% High Pen Density 108 106 110 120

1st Calf Separate Yes Yes + 2nd Calf Yes Yes

% 1st Calf Density 123 106 110 123

Feed Storage & Ingredients

Bagged Silage Alfalfa, Corn Sil.| Alfalfa, Corn Sil. | Alfalfa, Corn Sil. No

Bunkers Corn Silage No No Alf & Corn Silage

Piles No No No No

Upright Silo HM Shell Corn | HM Shell Corn | HM Shell Corn No

Commodity Bays No No Cottonseed WCS, Barley
Beet Pulp, SBM Protein, Hay

Upright Bins Corn, Protein Corn, Protein No EnerGll, Mineral

Minerals Minerals
Liguid Fat/Molass. Yes-Molasses No Yes-Molasses Yes-Molasses
Water Added No No No No-W et Brewers
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Appendix | (continued).

Parameter Herd 6 Herd 7 Herd 8 Herd 9
Milking Cows 565 360 335 575
Milk, Ib/cow/day 95 98 93 90
DM intake, Ib/cow/day 61-64 64 56 54

Forage & Feeding Management

Preblend (PB)Used No No Yes No
# Ingred. Preblend 0 0 5 0
Freq. Mixing PB 0 0 1-2x/day 0
Silage Removal 6"/day ? ? ~3"/day
Silage De-facer No No No No
Purchased When None None None None
Satisfaction, 1to 5 None None None None
Silage De-facer Satisfaction Ratin: High =5, Low = 1.
Moisture Tester Lab Koster Microwave None
Haylage bi-weekly Weekly+ Weekly 6x/year
Corn Silage bi-weekly Weekly bi-weekly 2xlyear
TMR Rain Adjusted None No-Bags Feeder Est. Feeder Est.
Monitoring/Record TMR-Tracker | TMR-Tracker Intake Daily DMI/Refusal
Bought/Satisfied 1.5 yr/Poor ~2 yr/Fair None None

Mixer & Mixing

Mixer Type Reel 4-auger Reel 4-auger
Mixer Age 2yr 4 yr New New

# Batches/Day 7 10 4 9
Mixer Size, cu ft. ? 630 450 630

Fill Level,% Struck 100 ? 75 90
Hay in TMR, Ib/cow/day | No-T.D. Fresh Yes No Transition
Hay Source WI Western None WI
Hay Processed No Tub Gr-Consider None Tub Grinder
Target Refusal, % 4 3-5 5 1-3
Refusals Fed Yes-Dry Cows | Yes-Heif/Steer Yes-Heifers Yes-Dry Cows
Fed When Fresh Yr-round Year-round Year-round Year-round
Refusal Recorded No Yes No Yes
Bunk Clean-Warm Daily Daily Daily Daily

# Push-up/Day 3 ~6 6 5

Mix Time>Last Ing 3 min 5 min 3 min 6 min
Load Time/Batch 17 min 35 min 45 min 30 min
Hay Sequence None 6th out of 9 None None
Haylage Sequence 7th out of 8 8th out of 9 5th out of 5 2nd out of 6
Corn Silage Seq. 8th out of 8 9th out of 9 4th out of 5 6th out of 6
Feeding Frequency

Summer Freq. 1x 1x 2X 1x
Winter Frequency 1x 1x 1x 1x
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Relative Feed Value of Forages and Dairy Cows: A Critical Appraisal

William P. Weiss
Department of Animal Sciences
The Ohio Sate University

Abstract

Hay crop forages, especially alfalfahay,
is often evaluated using relative feed value
(RFV). Relative feed value was developed to
be an index of forage quality based on potential
intake of digestible energy (i.e., aforage with a
high RFV is better than a forage with a lower
RFV). The RFV is calculated as [(120/
NDF)*(88.9 - 0.779*ADF)]/1.29 (an RFV of
100 is equivalent to full bloom alfafa), where
NDF and ADF are expressed as percentages of
DM. Because NDF and ADF concentrationsare
extremely highly correlated withinaforage class
(legumes, grasses, and mixtures), one can esti-
mate ADF accurately using NDF. Therefore, the
RFV equation can be condensed into afunction
based solely on NDF. Because RFV can be es-
timated accurately using only NDF, RFV isre-
aly not an index but rather a different way to
express NDF concentration. Production data
from lactating cows were used to determine
whether RFV was a more accurate indicator of
cow performance than NDF. Yield of fat-cor-
rected milk (FCM) yield decreased, on average,
0.34 |b/day per percentage unit increasein NDF
concentration of alfalfa, and FCM vyield de-
creased 0.08 Ib/day per one unit decreasein RFV.
Relative feed value was no better (or no worse)
at predicting milk yield responseto forage qual -
ity than NDF concentration.

I ntroduction

In the early 1970's, the American For-
age and Grasslands Council established a task
force charged “with establishing a system for
pricing hay based on some realistic measure-
ments of feed value” (Rohweder et al., 1978).
The RFV concept was a major outcome of the
task force. Relative feed value was developed
to be an index that could be used to rank hay
crop forages based on their ability to promote
intake of digestible DM. However, RFV came
with an important caveat clearly stated by
Rohweder et al. (1978), “It [RFV] isan expres-
sion of overall forage quality and estimates the
relativeintake of digestible energy when forage
istheonly source of dietary energy and protein”
(italics added for emphasis). Lactating dairy
cowsintheU.S., which are perhaps the biggest
market for tested hay, are not fed dietsin which
forageisthe only source of energy and protein.
Although RFV has become widely accepted as
the standard to evaluate and price hay crop for-
agesinmany areasof theU.S,, it hasundergone
surprisingly little scientific evaluation as to its
ability to determinerel ative nutrient value of for-
ages when fed to dairy cows.

The purpose of this paper is to
critically evaluate thefollowing aspectsof RFV:
1) its value as an index (i.e., a single number
incorporating different components of forage
quality) to rank hay crop forages, 2) its ability

!Contact at: 1680 Madison Avenue, Wooster OH 44691, (330) 263-3622, FAX (330) 263-3949, Email: weiss.6@osu.edu.
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to predict differencesin animal production (i.e.,
milk production) when different foragesarefed
todairy cows; and 3) itsability to accurately re-
flect relative economic value of alfalfawhen fed
to dairy cows. This paper will not discuss the
applicability and utility of RFV for other rumi-
nants. Moore et al. (1999) and Moore and
Undersander (2002) provide a good overview
of RFV for sheep and nonlactating cattle.

History

In theory, RFV is arelative measure of
potential intake of digestible DM of forages by
ruminants. The original equations used to cal-
culate RFV were developed from data obtained
from sheep fed all-foragediets. Of thevariables
measured, the concentration of ADF had the
highest correlation to in vivo DM digestibility.
Quadratic equationsto estimate in vivo DM di-
gestibility were derived by regressing in vivo
DM digestibility on ADF concentration. One
eguation was devel oped for grass and predomi-
nantly grass forages and another equation was
derived for legume and predominantly legume
forages (Rohweder et al., 1978). Concentration
of NDF had the highest correlation with DM
intake and quadratic equations were devel oped
by regressing intake (original equations were
based on intake per unit of metabolic body
weight (BW)) on NDF concentration (separate
equations for grasses and legumes). Estimated
DM digestibility was multiplied by estimated
DM intake and the product was multiplied by
0.025. The 0.025 was used to scale the results
so that average full bloom legume hay would
havean RFV of 100. Theoriginal equationsfor
RFV (Rohweder et a., 1978) were:

Grasses.

[1] RFV (origina) =
(34.8 + 2.56* ADF - 0.0491* ADF?) x
(54.8 + 1.22*NDF - 0.0176* NDF?)*
0.025

Legumes:

[2] RFV (original) = (65.5+ 0.975* ADF -
0.0277*ADF?) x (39 + 2.68*NDF -
0.041*NDF?) * 0.025

where ADF and NDF are expressed as percent-
ages of DM.

Some time after the origina equations
were published (I could not find the exact year
the modification occurred), the National Forage
Testing Association (Undersander et al., 1993)
modified the RFV equation. | was unable to
determine why the equations were changed or
therationale of the new equation. A singleequa-
tion is now used for RFV (instead of separate
equationsfor grassesand legumes). Dry matter
digestibility isestimated using alinear equation
based on ADF and intake (expressed on a BW
basis rather than metabolic body size) is esti-
mated using NDF. The current equation to cal-
culate RFV is:

[3] RFV =[(120/NDF) * (88.9 - 0.779* ADF)]/
1.29

where NDF and ADF are expressed as percent-
ages of DM.

Theintake term (120/NDF) presumably
Is based on data from Mertens, suggesting that
maximum gut fill occurs when cows consume
about 1.2% of BW as NDF (see review by
Mertens, 1994). The 1.29 term isascaling fac-
tor so that average full bloom legume hay has
an RFV of 100.

M ethods

For the remainder of the paper, RFV will
refer to the value calculated using equation [3].
To evaluate RFV, alarge database of analytical
data was obtained from commercial feed test-
ing labs. Samples were from across the entire
country and werefrom at |east two growing sea-
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sons. The data were divided into alfalfa (N =
2596), cool season grasses (N = 3056), and grass-
legume mixtures (N=5434). These data were
used to quantify relationships among nutrients
and RFV. Datafrom published studiesthat com-
pared thefeeding value of legumes (i.e., alfalfa)
with grasses and studies that compared the feed-
ing value of alfalfathat differedinfiber concen-
trationsand RFV were compiled to test whether
RFV could predict differences in milk produc-
tion.

IsRFV an Index of Forage Quality?

An index can be defined as a number
calculated from a set of datathat can be used to
characterize something. For example, the con-
sumer price index reflectsthe overall changein
cost of living not just the change in the price of
gasoline. A forage quality index should reflect
differences in overall nutrient value; it should
not simply reflect changes in a single nutrient
or component. Relativefeed valueiscalculated
from NDF and ADF concentrations. Therefore,
if RFV isan index of forage quality, it should
rank or differentiate forages better than either
ADF or NDF singularly.

RFV as a Quality Ranking Tool

The NDF fraction is comprised mostly
of cellulose, hemicellulose, and lignin, and ADF
ismostly cellulose and lignin. Since amost all
of the ADF fraction is found in the NDF frac-
tion, one would expect the two fractions to be
highly correlated. When the entire database was
used, NDF and ADF were significantly (P <
0.001), but only moderately, correlated (r? =
0.53). Thecorrelationisrelatively low because
grasses have more hemicellulose than do le-
gumes. Therefore at the same ADF concentra-
tion, agrasswill have more NDF than alegume.
When the data were separated by forage class
(alfalfa, grass, and mixtures), correlations be-
tween NDF and ADF were much higher and
NDF could be used to accurately estimate ADF
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(Tablel). When ADF wasestimated using NDF
(Table 1), 97% of the estimated values were
within 3 percentage units of the observed val-
ues (83% were within 2 percentage units) for
afafa samples. This means that if NDF con-
centration of an alfalfa sample is known, ADF
can be estimated with ahigh degree of certainty.
The relationship between ADF and NDF for
grasseswas not quite as strong asfor alfalfabut
estimated ADF was within 3 percentage units
of observed ADF for 86% of the samples (69%
were within 2 units). For mixtures, estimated
ADF was within 3 units of measured ADF in
74% of the samples (57% of the samples were
within 2 units).

The expected conclusion derived from
thesedataarethat ADF and NDF are highly cor-
related and not independent of each other. If
one is known, the other can be estimated accu-
rately. Therefore, the equations shownin Table
1 can be substituted into the RFV equations. For
afafa, ADF = (0.825 x NDF) - 1.52 and RFV
= [(120/NDF) x (88.9 - 0.779 x ADF)]/1.29.
After substitution and rearrangement, the RFV
eguation can be written as.

[4] RFV = 8380/NDF - 59.8 (Figure 1).

TheRFV ca culated using only measured
NDF was regressed on RFV calculated using
measured NDF and ADF (Figure 2). The re-
sulting equation had an intercept of 1.86 (dif-
ferent from 0, P < 0.05) and a slope of 0.986
(not different from 1). The RFV calculated only
from NDF were within +/- 4 units of RFV cal-
culated using equation [3] for 89% of the
samples (99% of the samples were within +/- 6
units). A range of +/- 4 RFV units would be
expected based on normal variationinADF and
NDF assays. The same exercisewas performed
for the grass and grass-legume database. The
resulting RFV equations based on NDF were:

[5] Grasses: RFV =8762/NDF - 50.8 (Figure 3)
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[6] Mixtures: RFV = 8279/NDF - 48.1
(Figure 4)

When RFV was estimated using only
NDF and was regressed on RFV calculated us-
ing equation [3], the slopesfor both grasses and
mixtures were equal to 1.00 but the intercepts
(3.02 for grasses and 4.69 for mixtures) were
statistically (P < 0.01) greater than O (data not
shown). For the mixed samples, 79% of the es-
timated RFV werewithin +/- 4 unitsof observed
RFV (99% were within +/-9 units). For the
grasses, 93% of the estimated valueswerewithin
+/- 4 units of observed RFV (99% were within
+/- 7 units).

What this means is that RFV is essen-
tially a function of NDF (or ADF). Ranking
forageswithin aspeciesclassby NDF (or ADF)
will bevirtually identical to ranking theforages
by RFV. In thisaspect, RFV does not meet the
definition of anindex and providesno additional
information not provided by NDF or ADF sin-
gularly.

Crude Protein Concentrations

Thegoal of thetask forcethat devel oped
RFV was to rank forages based on energy and
therefore RFV does not include crude protein
(CP) concentration asacriteriafor ranking for-
ages. However, CP has economic value and
should be considered when making forage pur-
chasing decisions. As forages mature, concen-
trations of NDF increase (meaning RFV de-
creases) and concentrations of CP decrease;
therefore, CP and NDF are correlated. The cor-
relations between NDF (or RFV) and CPwithin
forage classes (legumes, grasses, and mixtures)
are significant but not extremely strong (Table
2). Figure 5 shows that for alfalfa (other for-
agesclassesaresmilar, datanot shown), CPcon-
centration can vary by +/- 5 percentage units
within a given RFV (the same range occurs
within agiven NDF concentration). Assuming
an average value for rumen undegradable pro-

tein of $0.32/Ib and $0/Ib for degradable pro-
tein (N. St. Pierre, personal communication) and
that on average alfalfa hay protein is 80% de-
gradable (NRC, 2001), a one percentage unit
change in CP would change the value of alfalfa
hay (85% DM) by about $1/ton. Alfafahay with
an RFV of 150 averages 20% CP but could eas-
ily rangefrom 16 to 24% CP (equival ent to about
+/- 4 $/ton). Pricing hay solely on NDF or RFV
ignores important variation in economic value
caused by variation in CP concentrations.

Forage Quality and Cow Response

Published papers in which treatments
involved feeding alfalfawith different NDF con-
centrations to dairy cowswere used to generate
a database (Alhadhrami and Huber, 1992;
Beauchemin, 1991; DePeters and Smith, 1986;
Kaiser and Combs, 1989; Kawas et al., 1991,
Nelson and Satter, 1990, 1992; Turnbull et al.,
1982). Datacomparing grassesor mixtureswith
different NDF concentrations are not available.
Alfalfawasthe sole foragein the diet. In most
studies, the proportion of alfalfain the diet was
constant so that dietary NDF increased when
afafathat had higher NDF concentrations was
fed. Inafew studies, the proportion of alfalfa
inthediet increased asthe concentration of NDF
in the alfalfa decreased. Measured ADF and
NDF concentrations of the alfalfawere used to
calculate RFV using equation [3]. The data set
had 52 observations for FCM yield from 8 dif-
ferent papersand 48 observationsfrom 7 differ-
ent papersfor DM intake (one paper did not re-
port intakes). Descriptive statistics of the data
set arein Table 3.

Milk Production

As expected, an improvement in alfalfa
quality, whether expressed asadecreasein NDF
or anincreasein RFV, wasrelated to anincrease
in 4% FCM vyield. To quantify the responsein
FCM yield to changesin quality of afalfa, mixed
model regression that included trial asarandom
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variable (S. Pierre, 2001) and either NDF con-
centration or RFV were conducted. Trial wasa
significant variable in all regressions and ac-
counted for the majority of variation. However,
NDF and RFV asoweresignificantly related to
FCM yield. Theregression equationswere (trial
effect isincorporated into the intercept):

4% FCM (Ib/day) = 75.0 - 0.34*NDF (%)
(P<0.01; SE slope =0.098) (Figure 6)

4% FCM (Ib/day) = 49.5 + 0.080* RFV
(P<0.01; SE dope=0.024) (Figure7)

Overall fit and prediction error were
similar for both equations. These equations
mean, that on average, a 1 Ib/day increase in
FCM would be expected if the concentration of
NDF in the alfalfa decreased about 3 percent-
age units or RFV increased about 13 units. No
indication of nonlinearly was observed for the
NDF or RFV equations.

Because the relationship between NDF
and RFV isareciprocal function (Figure 1), lin-
ear functions between both FCM and NDF and
FCM and RFV would not be expected. If the
relationship between FCM and NDF wasin fact
linear, then one would expect that a linear re-
gression of FCM on RFV would over predict
FCM at high RFV. The reason for this contra-
dictionismost likely caused by the lack of pro-
duction data with forages with very low NDF
concentrations(i.e., very high RFV). Themini-
mum NDF concentration in this data set was
35% (maximum RFV was 178).

Intake

The same data set and statistical analy-
sisused for milk production was used to evalu-
ate relationships between alfalfaquality and in-
take, except that one study (four treatments) did
not report intake data. With trial adjusted re-
gressions, neither NDF nor RFV were signifi-
cantly related to DM intake (P > 0.40). Given
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the small responsein FCM yield to forage qual -
ity (e.g., achange of 10 percentage unitsin NDF
would be expected to change FCM yield by 3.4
Ib), thelack of astatistically significant relation-
ship of intake with forage quality is not surpris-
ing. Onaverage, allbincreaseinmilk yieldis
associated with a0.5to 0.67 Ib increasein DM
intake. The effect of forage quality on intake, if
any, may have been too small to statistically
detect with the avail able data set.

Interpretation Precautions

The expected response in FCM yield to
changesin alfalfaquality (measured as NDF or
RFV) arebased on datafrom cowsfed dietswith
afalfa as the sole forage. Mean intake of al-
fafaDM in these studies was 24.9 b (average
of 52.5% of dietary DM). A reasonable expec-
tation would be for a smaller response in FCM
yield to changes in alfalfa quality when alfalfa
was not the sole forage and comprised less of
the total diet. Cows in this data set also were
not in early lactation. Forage quality would prob-
ably have agreater influence onintake and FCM
yield with early lactation cows.

Conclusions - Cow Data

For afalfa with 35 to 55% NDF (this
range will include most of the alfalfafed), RFV
offers no advantage over NDF in ranking of al-
falfaquality when fed to lactating dairy cows.

Economics

In the lactation studies used to derivethe
regressions, average DM intakewas47.5 |b/day
and the average diet was 52.6% afalfa DM
(about 25 Ib/day of afalfaDM). On adry hay
equivalent basis, the average cow consumed
about 30 |b of hay (as-fed) which means that 1
ton of hay (2000 Ib) would feed about 67 cows
for oneday. Economic valueof achangeinfor-
age quality (measured using NDF or RFV) was
determined by calculating the expected change
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in milk yield and was expressed on a per ton of
hay basis. Based on the lack of a significant
effect of NDF or RFV onintake, feed costswere
assumed not to change.

Example

Alfalfa A has 42% NDF and 140 RFV
and alfalfa B had 44% NDF and 131 RFV. If
afafaA wassubstituted for afalfaB, onewould
expect an averageincreasein FCM yield of about
0.7 |Ib/day based on changes in NDF or RFV.
Based on the averages from this data set, 1 ton
of hay would feed 67 cows; therefore, 1 ton of
the better hay would be expected to increase
FCM vyield by 0.7 x 67 = 47 |b. If FCM was
worth $0.14/Ib, the value of theincreased FCM
yield would be about $6.60/ton of hay. Other
costs (excluding feed) are associated with in-
creased production and were assumed to
equal 10% of grossreceipts. Therefore, the net
value of the increased production would equal
6.6 x 0.9 = $5.9/ton of afalfa. In other words,
based on changesin net milk income, afafaA
would be worth no morethan $5.9/ton more than
afafaB toadairy producer. If themilk (FCM)
pricewas $0.12/1b, then alfalfaA would beworth
no more than about $5.0/ton and if the milk
(FCM) price was $0.16/Ib, dfalfa A would be
worth no more than about $6.8/ton. Based on
Wisconsin hay auction data(Silveira, 2002), a9
unit increase in RFV is associated with about a
$6.7/tonincreasein price. That valueisreason-
ably close to the expected change in net milk
income assuming anormal rangein milk prices.

The economic value calculated aboveis
based on datain which alfalfawasthe sole for-
agefed. The milk yield response to changesin
RFV or NDF islikely smaller when less alfalfa
isfed. If thisistrue, then achangein RFV or
NDF isworth less than discussed above.

Grasses Versus L egumes

Grasses usually have higher concentra-
tions of NDF than legumes at equal plant matu-
rity; therefore, if NDF isused to rank quality of
forages, grasses and grass-legume mixtureswill
generally rank lower than legumes. Becausethe
relationship between NDF and ADF differs for
grasses and legumes, RFV could theoretically
offer an advantage when ranking forages across
species classifications. At equal NDF concen-
trations, agrasswill usualy have ahigher RFV
than a legume (average difference is about 10
units). A data set from studies (Hansen et al.,
1991; Hoffman et al., 1998; Weiss and Shockey,
1991; Weiss, 1995) in which dietswith cool sea-
son grassesor alfalfawerefed to lactating cows
was compiled. Only four studies were found
(smple statistics are shown in Table 4). The
same type of statistical analysis was performed
on these data as for the alfalfa data except that
forage class (legumeor grass) wasincluded asa
discrete fixed variable. With this set of data,
NDF concentration and RFV were not related
to FCM yield. The NDF concentrations aver-
aged 55% and 45% and RFV averaged 106 and
129 for the grasses and legumes, respectively.
Thisvery limited data set indicates that, on av-
erage, grasses with about 55% NDF and 110
RFV are nutritionally equal to alfalfawith 45%
NDF and 126 RFV when fed to lactating dairy
cows. Thislimited dataset a'soimpliesthat RFV
will not rank grasses appropriately when com-
pared with legumes (i.e., the same problem as
when NDF is used to compare grasses and le-
gumes).

The Future

The development of atrueindex of for-
agequality isclearly aworthy goa. Withavalid
index, aforage buyer (or feeder) could compare
the ‘nutritional value’ of different foragesusing
asingle number. A validindex should be based
on expected net dollar returns when the forage
isfed to adairy cow (or whatever target animal
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isof interest). Thismeansthat theindex should
incorporate the dollar value of all the major nu-
trients provided by the forage and any animal
response not accounted for by changesin mea-
sured nutrients. The economic value of nutri-
ents can be determined using available software
(SESAME, 2000), and the equations shown in
thispaper relating changesin NDF to milk yield
can be used to estimate potential changein milk
income caused by forage quality.

Conclusions

1. Because ADF and NDF are so highly
correlated within a forage species class,
ranking forages by RFV isvirtually iden-
tical to the ranking obtained using NDF.
In other words, RFV isnot an index, but
simply adifferent expression of NDF.

2. A substantial amount of variation in CP
concentration is not accounted for by
variationin RFV or NDF. Forageevalu-
ation should include acomplete measure
of nutrient composition, including NDF
and CP.

3. Yieldof FCM wasrelated to forage qual-
ity (as expressed by NDF or RFV) but
DM intakewasnot. A 1 Ib/day increase
in FCM would be expected if the NDF
concentration in alfalfa decreased by
about 3 percentage units or RFV in-
creased by about 13 units when alfalfa
wasthe soleforagefed. Changein RFV
was no better or worse than change in
NDF at estimating changein FCM yield.

4. Comparing grasses with legumes using
RFV or NDF underestimates the nutri-
tional value of high quality grassesrela-
tive to legumes.
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Table 1. Regression equations relating neutral detergent fiber (NDF) and acid detergent fiber (ADF)

concentrations for different classes of hay crop forages.*

Forage Class N RMSE r2

Legumes ADF = (0.825 x NDF) - 1.52 2596 155 0.87
Grasses ADF = (0.701 x NDF) - 6.85 3056 2.34 0.76
Grass-legume mixes ADF = (0.664 x NDF) + 0.082 5434 2.77 0.71

INDF and ADF are expressed as percentages of DM ; RM SE = root mean square error.

Table2. Correlations (r) between crude protein (CP), neutral detergent fiber (NDF), and relative feed
value (RFV) calculated using equation [3] for different classes of hay crop forages. All correlations

were significant (P < 0.001).

CP NDF RFV
All (N=10,993)
NDF -0.78 e -0.96
RFV 0.73 -0.96
Legumes (N = 2504)
NDF -0.50 e -0.97
RFV 0.45 -0.97
Grasses (N = 3056)
NDF -0.46 e -0.97
RFV 0.48 -0.97
Mixtures (N = 5433)
NDF -0.67 e 0.97
RFV 0.62 -0.97
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Table 3. Simple statistics for the data set used to determine the relationships between alfalfa quality
and milk production.?

Mean SD Minimum Maximum

Milk production data set (N = 52)

4% FCM, |b/day 60.5 8.8 44.0 81.8
Forage, % of DM 52.5 10.3 25.0 76.0
AlfalfaNDF, % of DM 44.3 5.8 35.9 59.5
AlfafaRFV 133 25 83 177

Intake data set (N = 48)

DM intake, |b/day 47.5 5.8 34.8 57.6
4% FCM, Ib/day 59.7 84 44.0 79.2
Forage, % of DM 52.4 10.5 25.0 76.0
AlfalfaNDF, % of DM 43.9 55 35.9 54.9
AlfalfaRFV 134 25 88 177

IFCM = fat-corrected milk, RVF = relative feed value, SD = standard deviation, DM = dry matter, and
NDF = neutral detergent fiber.

Table 4. Simple statistics for the data set used to compare nutritional value of grass and alfalfa
forages when fed to dairy cows (10 means per speciestype).!

Mean SD Minimum Maximum

DM intake, |b/day 45.6 31 37.6 51.0
4% FCM, |b/day 58.2 9.0 42.0 70.0
Forage, % of DM 57.9 12.7 40.0 80.0
Grass NDF, % of DM 54.8 6.3 46.8 63.6
Grass RFV 106 12 90 123

AlfalfaNDF, % of DM 447 3.8 40.1 495
AlfafaRFV 129 14 113 146

DM =dry matter, FCM = fat-corrected milk, NDF = neutral detergent fiber, RFV =relativefeed value,
and SD = standard deviation.
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Figure 1. The relationship between relative feed value (RFV) and concentration of NDF in afalfa
samples (N = 2596). The regression lineis: Y = -0.076 + 1.001X (r? = 0.98).
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Figure2. Therelationship between relative feed value (RFV) cal culated from measured concentrations
of ADF and NDF and RFV calculated only from measured NDF (Est. RFV) in afalfa samples (N =
2596).
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Figure 3. The relationship between relative feed value (RFV) and concentration of NDF in grass
samples (N = 3056).
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Figure4. Therelationship between relative feed value (RFV) and concentration of NDF in samples of
grass and legume mixtures (N = 5434).

R
([ &

"

Tri-State Dairy Nutrition Conference April 16 & 17, 2002

[



30 T - -
L o &o oo °° o o 4
L 820480 9o °09% o o
25 _E o @ 8 O?ngf
2 3 6% °©
5 O F o€ L
N - ° 3 ® 50 G
Z_- 15 ‘E OOZ%OO e :b oO o
5 o #is
10 T ° oo
5 B 1 1 1 1 I 1 1 1 1 I 1 I 1 1 1 I 1 1 1 I
0 50 100 150 200 250
RFV

Figure5. Relationship between concentrations of crude protein (CP) and relative feed value (RFV) in

afafasamples (N = 2504).
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Figure 6. Effect of NDF concentration of alfalfa on yield of 4% fat-corrected milk (FCM) when the

alfalfawasfed in mixed dietsto lactating dairy cows. Datawere adjusted for trial effects. Theregres-

sionlineis Y = 75.0 - 0.34X.
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Figure7. Effect of relativefeed value (RFV) of alfalfaon yield of 4% fat-corrected milk (FCM) when
the alfalfa was fed in mixed diets to lactating dairy cows. Data were adjusted for trial effects. The
regression lineis: Y = 49.5+ 0.080 X.
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Characteristics of Manure: What Do They Mean?

Mary Beth Hall*
Department of Animal Sciences
University of Florida

Abstract

Evaluation of manure can provide a
simple method to eval uate site and extent of feed
digestion/fermentationin cattle. Key factorsthat
affect the texture and particle size of manure
include adequacy of the physically effective
fiber to maintain rumen function and the impact
of the types of non-fiber carbohydrates (NFC)
on ruminal pH. Both of these factors can affect
the ruminal residence time or extent of diges-
tion of feeds. Escape of large amounts of undi-
gested feed from the rumen can result in exten-
sive fermentation in the hindgut (cecum and
large intestine). As the hindgut fermentation
yields gas and acid, manure can appear foamy,
or asdiarrhea, or may contain mucin casts. With
insufficient effective fiber consumption, particle
size and appearance of undigested feed in the
fecesincreases. Thisinformation should be used
in context with other evaluations of animal per-
formance, feeding management, and cow com-
fort to determineif and what changes are needed
in ration formulation or management.

I ntroduction

Evaluation of manure is one of the sim-
plest methods to evaluate site and extent of di-
gestion/fermentation in cattle. For years, people
have*“toe-tested” manureto evaluaterations. In
fact, there is good biological basis as to why
manure looks the way it does. Key elements
that affect the texture and particle size of ma-

nure include adequacy of the amount of physi-
cally effective fiber consumed and the impact
of the types of NFC on ruminal pH. Either of
these factors can change the residence time or
extent of fermentation of afeed intherumen. If
afeed is not extensively fermented in the ru-
men, its protein, fats, and starches may be di-
gested and absorbed in the small intestine. If
not digested there, the proteins and carbohy-
drates may be fermented in the hindgut (cecum
and largeintestine). If therumenisfunctioning
properly, hindgut fermentationisminimized. In
high producing cowswith high DM intakes, the
rate of passage of feed through the rumenisin-
creased, so more undigested feed will likely
reach the hindgut. However, there are relative
degrees of hindgut fermentation, and high in-
takes should not be used to excuse clear symp-
toms of rumen dysfunction.

If the rumen is not functioning properly,
such as during bouts of ruminal acidosis, hind-
gut fermentation can be extensive. Ruminal
problems can often be traced to feeding man-
agement in need of improvement, misfeeding
of highly digestible carbohydrates, underfeed-
ing of effectivefiber, or al of theabove. Symp-
toms associated with subclinical ruminal acido-
sisinclude:

Reduction in ruminal pH

Rumen stasis

Reduced rumination (cud chewing)
Great daily variation in feed intake (in-

* & o o0
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dividual animals, may not be noticed in
groups)

+ Fecesin the same feeding group varies
from firm to diarrhea

¢ Fecesfoamy, contains gas bubbles

¢ Appearance of mucin/fibrin casts in
feces

¢ Increaseinfiber particlesize (> 0.5inch)
in feces

¢ Appearance of undigested fiber/feed in
feces

¢ Appearance of much undigested, ground
(< V4 inch) grainin feces

¢ Reduced feed efficiency

¢ Reduced production compared to what
theration is calculated to support

How to Evaluate Manure

Manure evaluation includes the assess-
ment of manure appearance and particle size.
Evaluate appearance by feeding group: animals
that receive the same ration should have similar
looking manure unlessthey are sorting their feed.
About 5% of the cows will have manure that
differsfrom the maority of the animalsin their
group, and this can be accepted as normal. Is
the manure very stiff? Isthere some diarrhea?
Is the manure variable? |sit foamy or does it
contain lots of larger bubbles? |s mucous vis-
iblein the manure? (If you drag thetip of your
boot across a cow pie and something moves
after your boot has passed, it’s likely a mucin
cast.) Is undigested feed apparent in the ma-
nure? Isit ground or whole grain? When you
eva uate the manure, examinethe cowsand feed
for moreinformation: the proportion of the cows
ruminating, body condition, general appearance
of cows, cleanliness/presence of waterers,
feedbunk conditions (feedbunk space, how well
feed is mixed, etc.), feed sorting by the cows,
cow comfort, etc. Also examine the individua
feedsand wherethey are stored to look for mold,
spoilage, or other problems. These other obser-
vations may well explain why the manurelooks
the way it does.

For each group of cows, take 4 or 5
samples of feces from individual cow pies: try
to pick for variation in appearance representa-
tive of the group. Make sure the samples are
not contaminated with feed. Eight ouncesample
cups with lids are very good for this purpose.
Fill the cup completely and cap. Use a screen
or kitchen strainer (do not returnit to thekitchen)
with 1/16 inch (1.66 mm) openings. Thisisa
qualitative on-farm evaluation, so getting very
specific about mesh sizeisnot crucial. A strainer
that is 7 inches (17.8 cm) in diameter and 4
inches (10.2 cm) deep works well. Transfer a
manure sample into the strainer, using a steady
stream of water to rinse the manure in the cup
into the strainer. Rinse the sample gently but
thoroughly until thewater runsclear. Thesample
can betransferred back to the sample cup so that
al of the samples taken can be compared side
by side. Does fiber in the sample appear to be
coarse (morethan 0.5 incheslong, whole pieces
of corn stalk)? Doesany cottonseed present still
havethelint still onit? Doesthefeed retainits
color (grass that's still green, citrus that’s still
orange, etc.)? Is there much (relative term)
whole grain in the sample? Ground grain?
Manure evaluation isqualitative, so you can as-
sesswhether there appears to be too much or an
acceptable amount of coarser fiber or undigested
graininthe manure (see“In Context”). Thereis
no common, on-farm way to evaluate the pro-
portion of manure your that samples represent,
so do not try to overinterpret theinformation they
offer.

Particle Size/Undigested Material in Feces

Largefiber particlesor noticeable ground
grain in the feces suggest that feed is not being
retained in the rumen for a sufficient period to
be reduced in size through rumination or micro-
bial fermentation. The depression in ruminal
digestion may berelated to low pH (Strobel and
Russell, 1986). Aninadequate ruminal fiber mat
may not effectively retain larger particlesin the
rumen. Both of these situations can be related
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to inadequate intake of physicaly effective fi-
ber (peNDF). The peNDF isfiber in the ration
that enhances rumination and rumen motility.
Generally, when adequate peNDF is consumed,
fecal particlesizeissmaller and ground grainis
less apparent, than when fiber requirements are
not met. Sorting of feed by the cowsis avery
common reason that peNDF needsare not filled.
Providing pal atable sources of forage and pro-
cessing them (chopped to ~1 to 2 inch lengths)
so they can be blended into amoist total mixed
ration that cows cannot readily sort through can
help to prevent sorting.

My Observation: Effectivenessof fiber
isnot only related to particle size but to a vari-
ety of factors that affect rate of digestion. For
example, grass NDF tends to ferment more
slowly than doesthat in legume forages. Addi-
tionally, the particlesfrom grasstend to be more
needle-shaped and those from legumes to be
more cuboidal. In my experience, grass has
tended to be amore effective peNDF source than
legumeforages, possibly becausethefiberisre-
tained in the rumen for alonger period of time.
Oneto 3inch long pieces of very tender or pli-
able grasses can sometimes be found in the fe-
ces - they seem to be able to bend and escape
the rumen. The peNDF hasto be in the rumen
to be effective. A greater amount of NDF from
amore rapidly fermented peNDF source would
have to be fed to provide the same amount of
peNDF as from a more slowly fermenting
source. Takeasan examplethat asmall amount
of chopped straw included in aration can quickly
resolve problems due to peNDF inadequacy of
theration. Alfalfacan be an excellent feed, but
it can be a poor choice as a major source of ef-
fective fiber. The need to provide adequate
peNDF to allow for proper rumen function and
ration digestion is a balancing act with provid-
ing adequate nutrients. This is best done with
high quality forages and feedsin adequate quan-
tities.
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Undigested feed in fecesisindicative of
an overall reduction in digestibility of the ra-
tion. Both fiber and starch can escape diges-
tion. Long pieces of fiber from forage, or even
cottonseed with the lint intact, can pass undi-
gested through the gastrointestinal tract if they
arenot retained in therumen for digestion. The
visible particles of ground grain in feces may
contain 6 to 18% starch (M. B. Hall, unpub-
lished). Much whole or coarsely ground grain
in the manure usually indicates problems with
silage harvest methods or inadequate grinding
of dry grain. Finer grinding of thedry grain can
help to reduce appearance of grain in the ma-
nure. Problems with silage usually need to be
addressed the following year. Reduced diges-
tion of feed representsaloss of ration nutrients.
Consequently, the predicted protein and energy
supplies from the ration overestimate what the
cow actually receives. High producing cows
with high DM intakes may also show an in-
creased passage of undigested feed, but they
should not show evidence of rumina acidosis.

Mucin/Fibrin Castsor GasBubblesin
Feces

When feed is fermented in the rumen,
the organic acids are absorbed acrossthe rumen
wall, the gas (carbon dioxide and methane) is
eructated (belched) out by the cow, and the mi-
crobial cells pass to the small intestine for di-
gestion and absorption. When fermentable sub-
strates pass to the hindgut (cecum and large in-
testine) they arefermented there by bacteria(Fig-
ure 1). The microbia protein produced is not
absorbed but passes out with the manure. Gas
produced from hindgut fermentation can appear
as bubblesin the manure, sometimesto the point
that the feces have the texture of shaving cream.
The organic acids can be absorbed by the gut.
However, amajor difference between the hind-
gut and the rumen is the potential for the fer-
mentation to be buffered. Whereruminationand
mixing with salivaprovide buffersto reducethe
extent of pH decline in the rumen, a system of
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that magnitude does not exist for the hindgut.
When agreat deal of fermentable carbohydrate
reaches the hindgut, its fermentation to organic
acids may result in injury to the gut. Thein-
creased acidity may result in a damage to and
sloughing of the surface cells (epithelium) inthe
largeintestine. When the damageissufficiently
severe, the intestine secretes mucous or fibrin
to protect the injury (Argenzio, et al., 1988;
Argenzio and Meuten, 1991). Depending upon
the severity of the damage, the gut can repair
itself in afew hoursto aday (R. A. Argenzio,
personal communication). The mucin/fibrin
casts found in the feces often have the tubular
form of the gut; they are evidencethat intestinal
damage has occurred.

Diarrhea

Damage to the large intestine and in-
creased concentrations of organic acids in the
gut lumen may play arole in causing the diar-
rhea often seen with ruminal acidosis. Feeding
spoiled or moldy feed can also cause diarrhea.

Reduced Feed Efficiency

If the site of digestionisshifted fromthe
rumen to the hindgut due to a poorly function-
ing rumen, it is no wonder that feed efficiency
suffers. Compared to our usual predictions for
digestion in the rumen or small intestine (Fig-
ure 2), the amounts of nutrients available to the
cow are diminished. The argument has been
raised that increased grain and decreased forage
are necessary to meet the energy requirements
of the cow. However, if concentrate levels are
increased to the point that fiber needs are not
met, the analyzed or tabular total digestible nu-
trientsor net energy levelsused to formulate the
ration are meaningless. In the pursuit of pro-
viding the cow with more energy, violation of
therulesfor formulating abalanced ration actu-
aly reduces the amount of energy that the ra-
tion provides. Thisquote by Dr. Paul W. Moe, a

USDA researcher who did muchwork inthearea
of net energy, explainsthe situation (Moe, 1976):

“...The net energy value of a single
feedstuff, however, is not a constant but is in-
fluenced by such factors as the composition of
the remaining portion of the diet, the level of
the feed intake, the physiological state of the
animal that consumesthe feed, etc. Thismeans
that while a net energy value may represent the
best estimate of the real energy value of afeed
inagiven situation, it should not be considered
asaconstant. ....The net energy valuelisted in
atableusually represents an optimum val ue, that
isthe value of that feed when incorporated into
a“normal” or “balanced” diet. The value may
be considerably lessthan that if fed in excessive
amount or in a diet which has a nutrient defi-
ciency.”

In this light, including excessive amounts of
concentrates in an effort to increase ration en-
ergy levelsis self-defeating.

Heat Stress

Another cause of abnormal manure is
heat stress. Changes in a cow’s behavior and
acid-base balance during heat stress predispose
her to ruminal acidosis. Heat stressaltersacow’s
acid-base balance. Asacow pants and exhales
carbon dioxide, it appears that the total amount
of buffering capacity within her system may be
decreased, asevidenced by increasesin her blood
pH (Daleand Brody, 1954). Inaddition, changes
in feeding behavior, such as consuming feed in
fewer meals (slug feeding) and decreased rumi-
nation, may lead to decreasesinruminal pH even
with rations containing adequatefiber. Inastudy
that tested the effect of ambient temperature on
the rumen environment (Mishra, et al., 1970),
lactating Hol stein cowswere fed high roughage
or high concentrate diets at ambient tempera-
tures of 65°F (cool) or 85°F (hot) with relative
humidities of 50% and 85%, respectively. Ru-
minal pH was lower at the higher temperature
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and on the higher concentrate ration (P < 0.01)
(Figure 3). Therewasan interaction of diet and
temperature (P < 0.01). Ruminal ammoniaand
lactic acid concentrations were higher for the
hot treatment (P < 0.01). Other studies have
reported decreased ruminal pH at hotter versus
cooler ambient temperatures (Niles, et al., 1998;
Bandaranayaka and Holmes, 1976). Ruminal
changes appear to be responses to ambient, not
ruminal temperatures (Gengler et a., 1970).

In thislight, the recommendation of add-
ing more concentrate to rationsin summer isnot
well advised. Therationale for decreasing for-
age and increasing grain during heat stressisto
meet animal energy demands in the face of de-
creasing DM intake. If, asinthe Missouri study
(Mishraet al., 1970), feeding more concentrate
further depresses ruminal pH, little may be
gained and more may be lost by compromising
the cow’s health. Fiber should be provided at
levelsto meet animal requirementsunder al con-
ditions. Reports from commercial dairies sug-
gest that increasing forage or fiber levels with
pal atable feeds may reduce the negative effects
of heat stress on production and health.

The most effective management for re-
ducing the impact of heat stress on ruminal pH
isto cool the cows. Fans, sprinklers, misters,
cooling ponds, or shade can be used in cooling
systems.

In Context

So, what to do with theinformation from
evaluating manure in a herd? Combine it with
information on cow health (digestive upset, aci-
dosis, laminitis, etc.), cow performance (milk
and milk fat yields), rumination (at |east 40% of
cows not eating or sleeping should be chewing
thelir cuds), cow observations (sorting theration
or not, comfortable or not), ration & feed evalu-
ation, etc. Manure evaluation describesthein-
teraction of the cow and her ration. The story it
tells adds to a body of evidence that something
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within theration or in cow and feeding manage-
ment does or does not need to be modified. |If
everything else looks fine, but the manure does
not seem quite right, keep observing the cows
to make certain that they continue to do well
and question what you haven't checked. Tran-
sient problemslike eating patterns changing with
weather fronts, a passing problem with silage,
etc. can also generate changesin the manure.

Summary

Manure evaluation offers a simple way
to assess rumen function and how well and
where a cow is digesting/fermenting her feed.
Itisaqualitative system. When used in context
with other observations, it can offer confirma-
tion and direction for ration and management
changes.
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Rumen (Fermentation)

Crude Protein
Carbohydrates I
(NFC & NDF)

Small Intestine (Enzymatic)

True Protein
Sugars & Starch

Lipids
Cecum & Large Intestine (Fermentation) l
Crude Protein
Carbohydrates
(NFC & NDF)

Figure 2. Sites of digestion and fermentation for different nutrients (NFC = nonfiber carbohydrates
and NDF = neutral detergent fiber).
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Figure 3. Ruminal pH changes with ambient temperature and diet (Mishra et al., 1970). Cool (C) =
65°F ambient temperature, hot (H) = 85°F ambient temperature, HR = high roughage diet, and HG =
high grain diet.
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Predicting Optimum Time of Alfalfa Har vest

Kathy Lee", MikeAllen™, and Rich Leep ™

"MSU Extension, Michigan Sate University
“Department of Animal Science, Michigan Sate University
“*Department of Crop and Soil Sciences, Michigan Sate University

Abstract

Optimum timing of alfalfa harvest is
critical to obtain high quality foragesfor lactat-
ing dairy cows. Three methods used to estimate
neutral detergent fiber (NDF) of alfafa were
evaluated in afield research project conducted
during 2000 on 35 farmsin Michigan. Thethree
methods evaluated are growing degree-days
(GDD), predictive equation for afalfa quality
(PEAQ), and scissorscut. Predicted NDF based
on the three prediction methods were compared
to NDF of chopped alfalfaboth before and after
ensiling in laboratory silos. Based on results
from this project and previous research, PEAQ
and GDD methods adequately predict NDF of
first cutting alfalfa; however, only the PEAQ
stick should be used for second cutting. The
GDD is not reliable when there is inadequate
soil moisture, which often occurs during sec-
ond cutting growth. Neither GDD nor PEAQ
adequately predicted NDF for third cutting al-
falfa. The scissors-cut method can be consid-
ered for predicting NDF for the third cutting.

I ntroduction

Alfalfais an important forage for dairy
cows because it provides fiber that effectively
stimulates chewing, while a so providing energy
and protein for milk production. There is an
optimum quality for alfalfathat should befed to
dairy cows. Quality can betoo high or too low
for maximum milk production.

The measure of fiber most commonly
used to balance diets of lactating dairy cowsis
NDF. The optimum concentration of NDF for
afalfais 40%. Alfalfa containing 40% NDF
allowsreasonable grain concentrationsinthediet
while maintaining adequate NDF concentra-
tions. The protein concentration of alfalfawith
40% NDF is usually moderate (approximately
20% of DM) and additions of low proteingrains
likecornallow flexibility in diet formulation for
ruminally-undegraded protein while avoiding
excessive protein concentrations (Allen, 1997).

Delaying alfalfa harvest increases NDF
percentage and reduces protein concentration.
More grain will be required to increase energy
density and decreasethe NDF concentration (and
filling effect) of the diet. In addition, more
supplemental protein will be required to meet
the cows' protein requirements, and DM intake
and milk production will be reduced.

Methods of Predicting NDF

Severa methodsrecently have been pro-
posed to predict timing of first cutting afalfa
harvest based on NDF concentration:

¢ growingdegree-days(GDD, base41° F),

¢ predictive equation for afalfa quality
(PEAQ) based on plant height and stage
of maturity, and

¢ scissors-cut samples.

!Contact at: 6180 W. Sanborn Road, Suite 2, Lake City, Ml 49651, (231) 839-4667, FAX (231) 839-5282, Email:

leek@msue.msu.edu
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At thefarm level, procedures need to be easy to
use, requireminimal time, and providerelatively
accurate predictions of the NDF concentration
of the afalfathat isto be fed.

GDD

The GDD calculationfor alfafaisbased
on the minimum and maximum daily tempera-
ture beginning on March 1 and using a base of
41 °F. Thedaily calculationis:

[(max. temp. + min. temp.)/2] - 41

The total GDD is the sum of the positive daily
growing degree-day values across days begin-
ning March 1.

Based on research at Michigan State
University (Allen and Beck, 1996), afalfaaver-
ages 40% NDF at about 750 GDD. An NDF
concentration of 35% is approximately equiva-
lent to 600 GDD. It takes a total of about 970
GDD to reach 45% NDF.

These GDD predictions of NDF concen-
tration are for pure afalfa stands. Grass ma-
turesearlier than afalfa. Consequently, signifi-
cant amounts of grassin afalfafieldswill result
in higher NDF concentrations if the forage is
harvested based on GDD estimates of NDF.

The GDD also is most effective in pre-
dicting harvest of first cutting alfalfa. Predict-
ing NDF concentration using GDD cannot be
done when there isinadequate soil moisture be-
cause GDD accumulates with little or no re-
sponsein plant growth. Consequently, GDD has
been used only for first cutting alfalfa harvest.

PEAQ

The PEAQ method (Hintz and Albrecht,
1991) isbhased on an equation that usesthelength
of the tallest alfalfa stem and the stage of the
most mature afafaplant (will likely betwo dif-

ferent plants) in the area sampled. The current
modified PEAQ method uses a scale of three
stages of maturity (late vegetative, bud, and
flower). Measuring sticks, calibrated for the
three plant maturity stages, are used to obtain
estimates of NDF.

While obtaining PEAQ estimates of
NDF, producers can scout their alfalfafieldsfor
winter injury, disease devel opment, insect dam-
age, and weed encroachment (Sulc et al ., 1999).
Good sampling technique is critical to obtain-
ing reliable NDF estimates. It is important to
obtain NDF estimates from the PEAQ method
at 5 or more locations across the field

As with GDD, the PEAQ method was
developed for pure stands of alfalfa. The NDF
estimatesfrom PEAQ will not account for weeds
or grasses in the stands. The PEAQ isnot reli-
able for estimating NDF when alfalfa is very
short (longest stemislessthan 16 inches) or very
tall (longest stem is more than 40 inches).

Scissors-cut Samples

Scissors-cut samples provide a direct
measurement of NDF in the collected plant ma-
terial. Sampling techniqueiscritical. A repre-
sentative sample must be obtained from across
thefield. Sample handling isalso important in
minimizing respiration lossesprior to the sample
arrivingintheanalytical lab. Inaddition, errors
can occur with near infrared reflectance spec-
troscopy (NIRS) analysis of scissors-cut
samples because equations for fresh afalfaare
not generally available (Sulc et al., 1999).

Description of Project

In the year 2000, we conducted a field
research project in Michigan to compare differ-
ent methods of predicting alfalfa NDF concen-
trations over first, second, and third cuttings.
The methods compared included GDD (base 41°
F), PEAQ, and scissors cut.
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The project consisted of samples and
data collected at afalfa fields in 35 locations
throughout Michigan, including five locations
in the Upper Peninsula. Daily maximum and
minimum temperatureswere collected with elec-
tronic dataloggers at each field. Temperatures
were recorded every 10 minutes beginning on
March 1 and continued through the duration of
the project (approximately mid-August).

We compared the NDF predicted from
these sampleswith the NDF anal yses of chopped
afafaboth before and after ensiling in labora-
tory silos. Immediately prior to cutting the al-
fafafield, the PEAQ stick was used to predict
NDF and the scissors-cut samplewastaken. The
field-wilted afalfa was sampled immediately
prior to chopping. This sample was manually
“chopped”, and either dried within 24 hours or
immediately ensiled in laboratory silos. The
scissors-cut, chopped, and ensiled sampleswere
analyzed for NDF concentration by wet chem-
istry procedures at the M SU Department of Ani-
mal Science.

Results

TheNDF concentration of theensiled al-
falfaranged from 35 to 46% for first and second
cuttings. Third cutting NDF ranged from 35 to
52%.

TheNDF concentration of ensiled alfalfa
samples was predicted adequately by all three
methods for the first and second cuttings. Al-
though therewaslittle difference between GDD
and PEAQ for first and second cutting alfalfa,
we do not recommend using GDD for predict-
ing NDF concentration of second cutting alfafa.
Thereis often inadequate soil moisture for sec-
ond cutting growth, and we believe the GDD
method is not reliable in these conditions.

The scissors-cut method was the only
method that adequately predicted NDF for third
cutting. It should be noted that these samples
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were handled under controlled conditions. The
cut samples were chilled immediately and de-
livered to the lab within 24 hours of collection.

The error associated with the methods
wasdlightly lower for PEAQ compared to GDD
and scissors cut for thefirst and second cuttings.
When PEAQ was used to predict NDF, about 2/
3 of the sampleswere predicted within +2.3 units
of NDFfor first cutting and within +2.8 units of
NDF for second cutting. When GDD was used,
about 2/3 of the samples were predicted within
+2.6 units of NDF for first cutting and within
+3.1 unitsfor second cutting. The correspond-
ing measurements of error for the prediction of
NDF from scissors-cut samples were 2.4 units
of NDF for first cutting and 3.0 units of NDF
for second cutting.

There was good agreement between
NDF concentration of the fresh chopped and
ensiled samples. The regression equation is:

NDF%-ensiled = 10.8 + 0.72 * NDF%-fresh
chopped , with an R? of 0.55, RM SE (root mean
square error) of 2.2, and P <0.0001.

Please note, though, that these samples were
handled under ideal conditions. Itislikely that
you would see greater differences in NDF be-
tween fresh chopped and ensiled samples with
standard ensiling procedures on the farm.

What We Recommend

The following recommendations are
based on the results of this project and previous
research:

¢ Usethe PEAQ stick or GDD to predict
NDF for first cutting afalfa. Only the
PEAQ stick should be used for second
cutting alfalfa. Neither PEAQ nor GDD
arerecommended for third cutting alfalfa
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+ Begin cutting afalfaat 40% NDF (750
GDD, base 41° F) for upright silos and
38% NDF (680 GDD, base 41° F) for
horizontal silos. Start even earlier for
horizontal silos if it takes more than a
week to finish harvesting.

¢ TheGDD and PEAQ methods cannot be
used for fields containing grass.

¢ Fields containing grass should be har-
vested first. Start with thefieldswith the
most grass and finish with the purest al-
falfafields.

¢ Consider using the scissors-cut method
for fields containing grass and for third
cutting alfalfa. Shipping samples to the
analytical lab by next-day delivery will
help to minimize deterioration in sample
quality. Wet chemistry analysis is most
appropriate for scissors-cut samples.
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Bunker Silo Management: Four Important Practices

Keith K. Bolsen!
Department of Animal Sciences and Industry
Kansas Sate University

The points of the silage triangle are rep-
resented by personsresponsiblefor (1) thedairy
cattle, (2) theforage, and (3) the harvesting pro-
cess. In some dairy operations, one person is
responsible for all three points. But in many in-
stances, both growing the silage crop and har-
vesting and ensiling the crop are done completely
on acontract basis, creating asituation wherea
different person is at each point of the triangle.
When communication between the points of the
triangle is ineffective, inefficiencies can result
that directly affect the bottom line.

Although a dairy cattle operation’s nu-
tritionist — often an outside consultant —isnot a
direct part of thetriangle, he or she has an obvi-
ous vested interest in how well the triangle per-
forms. The nutritionist might be the key person
in assuring effective communication between the
triangle’s three points.

Thenutritionist’smajor responsibility is
generaly tothedairy cattle point of thetriangle,
so among his’her major responsibilities could
be (1) educating the client about proper silage
management, and (2) fostering communication.
|deally, the nutritionist should moderate an an-
nual meeting between the dairy manager, the
forage crop grower, and the custom harvester.
This can ensure that all involved are on the
“same page” regarding expectations and imple-
mentation of the entire silage program. In other
cases, a small dairy producer might be on the
wrong end of a tight supply/demand situation

and therefore lack the economic power to make
demands on the crop grower and/or custom har-
vester. Then, the nutritionist must focusdirectly
on the dairy producer and make sure that the
things directly under the producer’s control are
done correctly.

This paper focuses on four important si-
lage management practices that are in the con-
trol of dairy producers and that are sometimes
poorly implemented or overlooked entirely.
These are (1) achieving a high silage density,
(2) effective sealing, (3) properly managing the
feedout face, and (4) discarding spoiled silage.

Achievea Higher Silage Density

First, density and crop dry matter (DM )
content determine the porosity of the silage,
which affects the rate at which air can enter the
silage mass at the feedout face. Second, the
higher the density, the greater the capacity of
thesilo. Thus, higher densitiestypically reduce
the annual storage cost per ton of crop by both
increasing the amount of crop entering the silo
and reducing crop losses during storage. Rec-
ommendations have usually been to spread the
chopped foragein thin layers and pack continu-
ously with heavy, single-wheeled tractors. But
thefactorsthat affect silage density in abunker,
trench, or drive-over pilesilo are not completely
understood. Ruppel et al. (1995) measured the
DM losses in afafa silage in bunker silos and
developed an equation to relate these losses to

!Contact at: 131 Weber Hall, KansasState University, Manhattan, KS 66506-0201, (785) 532-1222, FAX (785) 532-7059,

Email: kbolsen@oznet.ksu.edu
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thedensity of theensiled forage (Table 1). They
found that tractor weight and packing time per
ton were important factors; however, the vari-
ability in density that occured suggested there
were other important factors that the research-
ersdid not consider.

In a recent study, Muck and Holmes
(1999) measured silage densities over a wide
range of bunker silosin Wisconsin, and the den-
sities were correlated with crop/forage charac-
teristics and harvesting and filling practices.
Samples were collected from 168 bunker silos
and a questionnaire completed about how each
bunker wasfilled. Four core samplesweretaken
from each bunker feedout face and core depth,
height of the core hole abovethefloor, and height
of silage above the core hole were recorded.
Density and particle size distribution were a'so
measured.

Therange of DM contents, densities, and
average particle size observed in the hay crop
and corn silages are shown in Table 2. As ex-
pected, the range in DM content was narrower
for the corn silages compared to the hay crop
silages. The average DM content of the corn si-
lages was in the recommended range of 30 to
35%. But several of the haylages were too wet
(lessthan 30% DM), which can lead to effluent
loss and a clostridial fermentation, or too dry
(more than 45% DM), which can lead to exten-
sive heat damage, mold, and the risk of afire.
The average DM density for the hay crop and
corn silageswas similar and slightly higher than
acommonly recommended minimum DM den-
sity of 14.0 Ibg/ft®. Some producerswere achiev-
ing very high DM densities, while others were
severely underpacking. Onevery practical issue
was packing timerelativeto the chopped forage
delivery rateto the bunker. Packing time per ton
was highest (1 to 4 min/ton on a fresh basis)
under low delivery rates (less than 30 tons/hour
on a fresh basis). Packing times were consis-
tently less than 1 min/ton (on a fresh basis) at
delivery rates above 60 tons/hour.

There are several key factors that dairy
producers can control to achieve higher densi-
ties, which will minimize DM and nutrient losses
during ensiling, storage, and feedout.

Forage Delivery Rate

Reducing the delivery rate is somewhat
difficult to accomplish, as very few dairy pro-
ducersor silage contractors areinclined to slow
the harvest rate so that additional packing can
be accomplished.

Packing Tractor Weight

This can beincreased by adding weight
to the front of the tractor or 3-point hitch and
filling the tires with water.

Number of Tractors

Adding a second or third packing trac-
tor asdelivery rateincreases can hel p keep pack-
ing timein the optimum range of 1 to 3 minutes
per ton of fresh forage.

Forage Layer Thickness

Chopped forage should be spread inthin
layers (6 to 12 inches). In a properly-packed
bunker silo, thetiresof the packing tractor should
pass over the entire surface before the next for-
age layer isdistributed.

Filling the Slo to a Greater Depth

Greater silage depth increases density.
But there are practical limitsto the final forage
depth in a bunker, trench, or drive-over pile.
Safety of employees who operate packing trac-
tors and who unload silage at the feedout face
becomesaconcern. Packing in bunkersthat are
filled beyond their capacity and the chance of
an “avalanche” of silage from the feedout face
pose Sserious risks.
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Protect Silagefrom Air and Water

Until recently, most large bunker, trench,
or drive-over pilesiloswereleft unsealed. Why?
Because producers viewed covering silos with
plastic and tires to be awkward, cumbersome,
and labor intensive. Many believed that the
silage saved was not worth the time and effort
required. But if left unprotected, DM losses in
thetop 1 to 3 feet can exceed 60 to 70% (Bolsen
eta., 1993). Thisisparticularly disturbing when
oneconsidersthat inthetypical “horizontal” silo,
15 to 25% of the silage might be within the top
three feet. When the silo is opened, the spoilage
isonly apparent in the top 6 to 12 inches of si-
lage, obscuring the fact that this area of spoiled
silage represents substantially more silage as
originaly stored (Holthaus et al., 1995).

The most common sealing method isto
place a polyethylene sheet (6 mil) over the
ensiled forage and weight it down with discarded
tires (approximately 20 to 25 tires per 100 ft?of
surface areq). Dairy producers who do not seal
need to take a second look at the economics of
this highly troublesome “technology” before
they reject it as unnecessary and uneconomical.
The loss from a 40 x 100-foot silo filled with
corn silage can exceed $2,000. Loss from a 100
x 250-foot silo can exceed $10,000.

Manage the Feedout Face

The silage feedout “face” should be
maintained as a smooth surface that is perpen-
dicular to the floor and sides in bunker, trench,
and drive-over pilesilos. Thiswill minimizethe
surface area exposed to air. The rate of feedout
through the silage mass must be sufficient to
prevent the exposed silage from heating and
spoiling. An averageremoval rate 6 to 12 inches
from the “face” per day is a common recom-
mendation. However, during periods of warm,
humid weather, a removal rate of 18 inches or
more might berequired to prevent aerobic spoil-
age, particularly for high-moisture(HM) ensiled
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grainsand whole-plant corn, sorghum, and win-
ter cereal silages. Hoffman and Ocker (1997)
fed aerobically stable and unstable HM shelled
corn to mid-lactation cows for three, 14-day
periods. Milk yield of the cows fed the aerobi-
cally deteriorated HM corn declined by approxi-
mately 7 Ib/day per cow during each period com-
pared to cows fed fresh, aerobically stable HM
corn.

Discard Spoiled Silage

Sealing a silage mass using a polyethyl-
ene sheet weighted with tires is not 100 %
effective. Aerobic spoilage occurs to some de-
greeinvirtually all sealed silos, and discarding
of surface spoilageisnot alwaysacommon prac-
ticeon thefarm. But, results of arecent study at
Kansas State University (Table 3) showed that
feeding surface spoilage had a significant nega-
tive impact on the nutritive value of a whole-
plant corn silage-based ration (Whitlock et al.,
2000). The original top 3 ft of corn silagein a
bunker silo was allowed to spoil, and it wasfed
to steersfitted with ruminal cannulas. The four
experimental rations contained 90% silage and
10% supplement (on aDM basis), and the pro-
portions of silage in the rations were: A) 100%
normal, B) 75% normal:25% spoiled; C) 50%
normal:50% spoiled, and D) 25% normal:75%
spoiled.

The proportion of the original top 18-
inch and bottom 18-inch spoilage layersin the
composited surface-spoiled silage was 24 and
76%, respectively. Theoriginal top 18-inch layer
was visually quite typical of an unsealed layer
of silage that had undergone several months of
exposure to air and rainfall. It had afoul odor,
was black in color, and had a dlimy, “mud-like’
texture. Its extensive deterioration during stor-
age was reflected in very high pH, ash, and fi-
ber values. The original bottom 18-inch layer
had an aromaand appearance usually associated
with wet, high-acid corn silages, i.e., a bright
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yellow to orange color, alow pH, and a very
strong acetic acid smell.

The addition of surface-spoiled silage
had large negative associative effects on DM
intake and organic matter (OM), neutral deter-
gent fiber (NDF), and acid detergent fiber (ADF)
digestibilities. Thefirst 25% increment of spoil-
age had the greatest negative impact. When the
rumen contents were evacuated, the spoiled si-
lage had aso partially or totally destroyed the
integrity of the forage mat in the rumen. The
results clearly showed that surface spoilage re-
duced the nutritive value of corn silage-based
rations more than was expected.

For more information about these and
other silage management practicesvisit the Kan-
sas State University Silage Team's website at
http://www.oznet.ksu.edu/pr_silage.
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Table 1. Dry matter loss asinfluenced by silage density?.
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Density (Ib of DM/ft%)

DM loss at 180 days
(% of the DM ensiled)

10
14
16
18
22

20.2
16.8
151
134
10.0

!Data taken from Ruppel et al. (1995).

Table 2. Summary of core sample analysis from bunker silos'.

Silage characteristic

Hay crop silage (87 silos)

Cornsilage (81 silos)

Average Average Range
Dry matter, % 42 34 25-46
Density on afresh basis, Ib/ft® 37 43 23-60
Density onaDM basis, Ib/ft® 14.8 6.6-27.1 145 7.8-23.6
Particle size, inches 0.46 0.3-1.2 0.43 0.3-0.7

!Data taken from Muck and Holmes (1999).

Table 3. Effect of the level of spoiled silage on DM intake and nutrient digestibility®

Ration®
Item? A (0) B (5.4) C (10.7) D (16.0)
DM intake, |b/day 17.5° 16.2° 15.3% 14.7¢
------------------------- Total Tract Digestibility, % ----------------=-------
oM 75.6° 70.6° 69.0° 67.8°
CP 74.6° 70.5° 68.0° 62.8°
NDF 63.22 56.0° 52.5° 52.3°
ADF 56.12 46.2° 41.3° 40.5°

Data taken from Whitlock et al. (2000).
2DM = dry matter, OM = organic matter, CP = crude protein, NDF = neutral detergent fiber, and

ADF = acid detergent fiber.
3The percentage of the “slimy” layer silagein the ration (DM basis) is shown in parenthesis.
acMeans within a row with no common superscript differ (P < 0.05).
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