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INTRODUCTION

During the early stages of lactation the nutrient
requirements of the cov may exceed 4-5 times that of her
requirements at maintenance (NBRC, 1978). 1In an effort to
support the energy deaands of high milk productiop, the
covw's metabolism changes in order to maintain her altered
physiological state. High concentrate roughage-restricted
(HCRR) diets are fed at this time in order to maximize
energy intake, but may frequently result in acute or sub-
clinical metabolic disorders. As lactation progresses the
energy status of the cow changes. Careful selection of
ration coaponents at this stage is critical in order to pro-
vide an optimal rumen fermentation and endocrine—-metabclite
relationship, favorable for milk fat synthesis and not body
weight gain. The association between fiber length and nor-
mal milk fat levels has been extensively reviewed (Bodrigue
and Allen, 1960; O*Dell et al., 1968; Chalupa et al., 1969;
Miller et al., 1969). This relationship is basic to under-
standing the nutritional benefit derived from feeding HCRR
diets supplemented with hay. Metabolic disorders and milk

fat depression are coamon sysptoms of inadequate intake of



effective fiber and represent financial consequences due to
decreased production and lover milk prices. With conven-
tional feeding programs where forages are fed separately,
there is no guarantee of hay intake. For example, hay cos-
puted at 5 lbs/cowsday in a ration formulated for 100 cous
is "exactly”™ 7-10 bales distributed in a hay rack and fed
free choice. Generally this assumption is uprealistic as
some cows overconsuse or underconsume hay while the majority
of effective fiber is trampled or used as bedding.

In the past numerous feedstuffs have been added to
ensiled roughages to improve their quality. By emsiling
chopped or ground hay with corn silage, fiber availabilty in
the ration could be increased. The added dry matter from
the hay could also improve the quality of the corm silage by
absorbing some of the nutrients lost during the fermentation
process or seepage. The following study was propased to
investigate responses in milk fat content by ensiling ground
or chopped hay with corn silage and feeding in a total mixed
ration (TMR) for lactating dairy cows. Hay replaced corn
silage at a rate of 12.5% total forage dry matter, which
represents approximately 3 lbs/cow/day on an as-fed basis.
This feeding level would typify numerous feeding programs in
virginia where corm silage is supplemented with small

amounts of hay.



LITEBATURE BEVIEW

Fiber Length and Fat Coaposition

Various terms have been used to describe the ability of
fiber to maintain normal milk fat levels. Harris (1975)
uses an effective fiber index to predict this measuresent.

A good indication of effective fiber is obtained when the
fiber source has been subaerged in water and maintains a
length of 1/4® to 1/2". He submits that any finely ground
and pelleted forage contains less than 10 percent effective
fiber; 17 percent is minimum for normal fat levels. A good
example of forage processing and effective fiber is demon-
strated in a study by Miller et al., (1969). Field chop

(1. 27ca) or rechopped field chop (<.b64cm) cormn silage was
offered as the only roughage source to two groups of lactat-
ing cows. Cows receiving the rechopped forage had depressed
milk fat percentage and fiber digestibility. They concluded
that a minimum knife setting of 1-1.3 cm is necessary to
maintain normal fat levels.

Jorgensen et al. (1978) quantitatively associate the
theoretical length of cut (TLC) of fiber with norsal ailk

fat levels and the actual time the cow spends chewing a par-



ticular forage. Two groups of high producing cows wvere fed
rations with a 33:67 forage to concentrate ratio and differ-
ing only in the TLC of the roughage. 1The group fed the
finely chopped roughage (< .48 cm) was significantly lower
in milk fat and higher in body weight gains than the cous
fed the medium chopped roughage (.64 cm). Chewing time was
also lower (P < .05) for the cows fed the fimely chopped
roughage (7.4 hr/24 hr) as compared to the group fed the
medium chopped roughage (9.4 hr/24 hr). Jorgensen maintains
the critical TLC of a forage for normal fat levels is .64
ca, and when chewing time is reduced to less than 9.4 hr/24
hr period, emergy output in the form of milk is replaced by
a higher retention of energy into body weight.

As early as 1939, Powell reported the association of
roughage intake and milk composition. Since then numerous
experiments have well established the relationship Letween
particle size and mnormal milk fat levels. Rodrigue and
Allen (1960) mnoticed a significant depression in content of
milk fat and cell wall digestibility when substituting
rations containing finely ground hay for long stem hay.

They concluded the depressed fat levels were attributed to a
decrease in cellulose digestion resulting from a higher rate
of passage for the ground hay. Finely ground feeds tend to

reduce salivation and rumination, raise rumen propionate



levels, decrease rusen pH and lower microbial cellulolytic
activity (Bailey and Balch, 1961). 0O'Dell et al. (1968)
reported that cows fed ground and pelleted alfalfa produced
less milk fat when compared to a baled alfalfa-fed group. A
slight increase in fat levels was observed when a .64 ca
ground hay that was not pelleted was compared to the ground
and pelleted hay. They concluded that the pelleting process
further reduces forage particle size. 1In all cases, covs
receiving the alfalfa pellets shovwed a greater daily weight
gain, reduction in rumination and displayed mild sysptoms of
bloat. When the fat depressing pellets were fed at more
frequent intervals the decline in fat levels was less
severe.

By altering TLC in corn silage alone, Sudweeks et al.
(1979) observed significant differences in mean rumen vola-
tile fatty acid (VFA) production and acetate:propionate rat-
ios (APR) in sheep. Murdock and Hodgson (1977) reported
depressed milk fat and APR when alfalfa cubes were fed to

lactating cows in place of long stem alfalfa hay.

Nutritional Benefits from Adding Bay

The addition of hay to the diet tends to maintain milk
fat levels and correct conditions conducive to rumen disor-

ders. Waugh et al. (1955) fed ad libitum corn silage with



long stem hay at a rate of .00, .24, .47, and .83 1b/100 1b
of live weight. He observed maximum milk, fat, and fat cor-
rected milk (FCM) production with the group comnsuming the .47
1b level of hay and a significant increase in dry matter
intake (DMI) at the higher level of hay fed. Chalupa et al.
(1969) corrected milk fat depressions caused by pellet feed-
ing with baled hay supplemented at 2.09 kg dry matter/day.
In a study encompassing four years, Holter et al. (1973)
determined the long term effects on milk production asd coa-
position, intake and gemneral herd health, when feeding 1lib-
eral amounts of concentrate and ad libitum corm silage,
alone or with grass hay at two different rates (.5 or 1.0
kg/100 kg body weight daily). Milk fat percent (3.58 and
3.70 percent, respectively) was significantly higher for the
rations containing hay than with the corn silage alone
treatment (3.33 percent). Solids corrected ailk and DMI was
highest (P < .05) with the .5 percent added hay. Coarse dry
feeds such as hay elicit more saliva secretion than high
moisture feeds (Bailey amnd Balch, 1961). This is particu-
larily important in HCRR diets which yield fermentation
products high in propionate and lactate.

The pH of the rumen lowvers as this condition is exag-
gerated due to excess production of lactic acid; ruamination

is depressed and cows go off feed (Thorley, 1968). The



added buffering capacity when hay is supplemented in the
diets increases the pH by promoting rumination and thereby
helps maintain feed intake. Hodgson and Thomas (1975) cited
the relationship between the tuffering capacity of the
rumen, dilution rate and rumen fermentation patterns. With
HCRR or ground hay diets high propionate levels vere corre-
lated with low dilution rates. When Harrison et al. (1975)
infused artificial saliva into sheep rumen, they observed an
increase in rumen turnover with a significant depression in

rumen propionate levels.

Rumen FPersmentation and Fat Composition

Various methods have been developed which correlate
milk fat depression with rumen fermentation products. Jor-
gensen et al. (1978) report that when the APR is above 2.5
normal fat tests are observed. Blaxter (1962) showed that
vhen the molar percent of acetate was less than 60, a
depression in milk fat was likely. A more precise amethod of
energy partitioning is describted by Orskov's (1975) nonglu-
cogenic ratio (NGB). The ratio is defined by comparing the
nonglucogenic rumen metabolites (acetate + 2 butyrate + val-
erate) to the glucogenic rusen products (propionate and val-
erate). Valerate is included in both the numerator and

denominator because upon oxidation of valerate, one mole of



propionate and one mole of acetate is produced. An NGR of

2.25-3.00 provides optiaum energy utilization for growing or
fattening animals, while ratios of 3-3.5 changes the parti-
tioning of enerqgy from adipose tissue synthesis to milk fat

synthesis.

Porage:Concentrate Ratio

The limiting nutrient for high producing cows is usu-
ally energy (Balch,1976). Bauman and Currie (1980) report
that the mammary gland may require up to 80 percent of total
glucose turnover during peak lactation. Increased energy
availability is partially met by a series of coordinated
hormone responses which increases the gluconeogenic rate of
the liver and alters the partitioning of energy to the mam-
mary gland in preference to other tissues. This kecomes
evident when high producing cows do not genmerally reach pos-
itive energy balance until 90 days into lactation and milk
production has decreased to 80 percent of peak production.
Futhermore, the cov attempts to satisfy her carbohydrate or
glucose needs by consuming more feed (Forbes,1977), and
mobilizing her fat stores. MNoe and Tyrrell (1972) computed
that the efficiency of converting body tissue emergy into
milk fat was nearly as efficient as the direct use of die-

tary metabolizable energy (ME) for milk productiom. During



the first 10 wveeks of lactation, they observed that cows in
negative energy balance mobilized an equivalent of 50 kg of
lipid stores or 9 kg of milk daily(Moe and Tyrrell,1972).
High producing early lactating cows are fed rations
containing as much as 70 fpercent concentrate in an attempt
to provide the energy necessary to meet their levels of
production. As the proportion of concentrates in the diet
increases, milk fat percentage and the ratio of acetate plus
butyrate to propionate decreases (Sutton,1976). Forage:con-
centrate ratios effect the fat composition of milk by alter-
ing rumen feramentation products. In a classic study by
Balch and Rowland (1957) ten experiments wvere conducted
using fistulated milking shorthorn cows fed various amounts
of forage and concentrates differing in type and texture.
Fluctuations in rumen pH reflected the changes in comncentra-
tion of VFA produced from the various diets. Low ratios of
acetate:propionate were observed with the lovw or groumnd hay
diets and coincided with a marked decrease in rumen pH. The
low APR was still observed by feeding the ground hay in
place of long stem hay without changing the for-
age:concentrate ratio. They also observed a decrease in
runination and subsequent decrease in saliva or buffering
capacity with the rations containing the low fiber-high

starch diets. Balch predicted that the failure to Luffer



10

the rumen environment with the low or ground hay diets led
to an acidic environment unfavorable for cellulose digesting
organisms that produce acetic acid.

Jorgensen and Schultz (1966) fed four different concen-
trates to mid-lactating covs with forage:concentrate ratios
of 25:75 to 20:80. In all rations, acetate was defpressed
and propionate levels were increased. Milk fat depression
wvas also observed in all rations; least decline was evident
in the 25:75 ratio with the more fibrous corn and cob meal
concentrate. Progressive decrease in DMI was reported as

the amount of concentrate in the diet increased.

Ration Composition and Milk Fat Depressjon

Several earlier studies (Balch et al.,1955; Rook, 1962)
support the concept that milk fat depression results fros
deficiencies of acetate production when ground or restricted
roughage diets are fed. However, work done Ly Vanm Soest and
Allen (1959) shows that absolute concentrations of rumen or
blood acetate are not significantly lower on these diets.
From this same study positive correlations of decreased
blood ketone levels were observed with depressed milk fat,
and negative correlations with rusen propionate were
observed. Chalupa et al. (1969) reported lower fat levels

vith rations containing ground or pelleted forage as the
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sole roughage source. They also cobserved increased molar
percentage of propiomate and valerate. In addition milk fat
contained decreased proportions of short chain fatty acids
(C < 12). ¥When corn silage or baled hay was substituted for
the pellets, milk fat depression was alleviated and concoa-
ittant changes in rumen VFA and fatty acid composition in
the milk was reported. Bensadoun et al. (1963) fed three
rations containing chopped hay, pelleted ground hay, or a
grain-hay pellet to sheep. When compared to the ratioans
containing chopped hay, APR levels were lower for the fpel-
leted ratiomns with significant increases in plasma glucose
concentrations. Propionate acts as an antiketogenic agent
in depressing milk fat levels (Vamn Soest and Allenm, 1959).
Propionate is converted to lactate in the gut wall or glu-
cose via gluconeogenesis in the liver. High concentrate
roughage-restricted diets produce elevated blood glucose and
insulin levels in lactating cows upon postprandial examina-
tion (Jenny and Polam, 1975). 1In an earlier study by Jenny
et al. (1974) feeding high concentrate rations, milk fat
depression vas significantly correlated with high blocd
insulin levels.

McClymont and Vallance (1962) were among the first to
propose that insulin may be involved with fat depression

based on their results from intravenous glucose infusioas.
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They noticed a sigmificant decrease in the free fatty acid
fraction of arterial and mammary blood when glucose (2-3
mg/100 ml plasma) was infused intravenously. They concluded
that insulin secretion depresses the rate of release of free
fatty acids froa the adipose tissue. Rao et al. (1973)
stimulated lipoprotein lipase activity in adipose tissue of
lactating covws when insulin and/or glucose was infused prior
to tissue extraction; there vas no alteratiom in response of
this enzyme in the mammary gland. They maintain that when
glucose and insulin stimulate lipoprotein lipase activity in
adipose tissue, there is a reduction in the availability of
fatty acids to the maammary gland due to a greater enzymatic
hydrolysis of lipoproteins and uptake of triglycerides into
the adipose tissme. Contrary to this finding, Yamg and
Baldwin (1973) observed no significant effect on basal lipo-
lytic rates when insulin was added to isolated adipocytes,
but reported a decrease of 20 percent in lipolytic rates
with epinephrine stimulation. It appears that epinephrine
stimulates lipolysis by increasing cAMP activity, which is
necessary for the activation of lipoprotein lipase im the
adipose tissue (Bauman, 1976). Insulin, however, is cagpable
of activating the enzyme adenyl phosphodiesterase which
catalyzes the hydrolysis of cAMP (Loten et al., 1970). This
further reduces the conversion of inactive lipase to acti-

vated lipase.
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Insulin may also atfect re-esteritzcation of ratty
acids by increasiny the uptake ot yiucose into the zdipose
tissue, thus supplyiag the necessary substrate for ygliyceros
Syntaesis. Opstvedt et al. (1967) reported higher
L-o-glyceroighospaate denydrogenase concentratioRs 1N COWSE
fea HCRR diets. Hhe yproposed this would result in higaer 0o-
glyceroiphosphate levels wnich would increase rates or tatty
acid syrnthesis ana re-esterfication i1in @dipose tissue.

The rate of fat mopilization and fatty acid c¢stertica-
tion in ruminant caipouse tissue appears to pe zffected by
the animal's physiological state as welil as tae aiet. Tae
changes in fat mopilization to sSynthesis are Cios<.y Ieiatea
to the eneryy status of the znimel (Benson et al., 197%).
Jenny et al.(1974) reported no differences in serum giucose
or insulin levels with cows iR early lactation fed nlgh OT
iow concentrete rations. Tae incbiality of cows in eariy
lactation to consune enougya €nergy to sSuppcrt the uctaboiic
demanas of hxgyh milk production 15 characterized by a peraocd
of negeative energy bziarce. As z resuat Oor carbonyurzte
insufficiency, low birocd insulin may be advantageous at tais
time. By reducing competition with per.ipheral organs that
require insulain for glucose uptexe, glucose aviilepility to
the mammary g¢iand may be ennanced. Furtacrmore, aypoiinsu-
linemia would promote mooilization of liplid stOores RecCesSsary

for normei fot synthesise.
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Complete Rations with Hay

Energy is a primary expense in dairy cow rations, and
in Vvirginia corn silage yields the highest energy/acre in
relation to production costs. However several articles have
reported possible problems encountered with feeding prograas
consisting solely of corm silage based rations. Holter et
al. (1973) reported a higher tendency for ketosis in early
lactation with corn silage as the only roughage source.
Trimberger et al. (1972) cited increased incidences of dis-
placed abomasum, ketosis, off feed and other postpartum conm-
plications when cows receiving liberal concentrate and corn
silage based rations were ccapared to those receiving compa-
rable amounts of hay. They also reported that cows tended
to gain excessive body flesh in late lactation and in the
early dry period on the all corn silage treataent.

Lofgren and Warmer (1970) cbserved a significant corre-
lation between percent intake of ADF and fat test change
(r = «72). BRock et al. (1974) reported an increase in milk
fat test of .067 units for each unit increase in ration ADF
dry matter composition. The N.R.C. (1978) recoamends a min-
imum of 21 percent ADF in the total ration in order to main-
tain normal milk fat levels. If a high energy (23 percent
ADF) corn silage is fed in a 60:40 forage:concentrate ratio,

the total ration would contain a minimum of 16.6 fercent



15

ADF. Howvever if 6 1lb of the dry matter from the corm silage
vere substituted with hay (40 percent ADF) the ration would
be in excess of 19 percent ADF. Until there is a better
method of administering hay intake, problems associated with
postpartum stress and excess conditioning in late lactation
appear unavoidable. Therefore, data is needed to estaklish
the nutritional benefits derived froam adding chopped or
ground hay in complete rations to lactating dairy cows.

High quality forages are mandatory for optimum ccw per-
formance and instrumental for reducing feed costs fron
excessive grain feeding. The net result of feeding high
quality roughages is higher milk production (Donker and
Naik, 1979). Hoe et al. (1971) have shown that direct con-
version of feed ME to milk synthesis is more efficient than
via tissue metabolisa. Therefore, maximum intake of total
digestible nutrients (TDN) in early lactation is necessary
to help covws reach positive energy balance earlier. Journet
and Remond (1976) ccmpared various forage based diets of
similar nutrient composition to determine which forage best
met the energy needs of post partum cows. Cows fed the
diets containing corn silage reached positive energy status
sooner than cows fed equal proportions of alfalfa hay or

long grass roughages.
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In the past, numerous feedstuffs have been added to
improve the quality of ensiled roughages. Formic acid or
propionic acid are a form of additive used to help direct
the course of fersentation and freserve the quality of
ensiled roughages (Thomas, 1978). Grains high in starch
(i.e., corn, barley, and milo) are generally added to aid in
fermentation and add dry matter in roughages containing
excessive moisture. Miller and Clifton (1965) reported the
probleas associated with high moisture silages and nutrient
losses due to seepage. Bullis et al. (1959) observed that
forages preserved with chopped alfalfa hay were higher in
protein, fiber, and fat than the saame forages preserved with
molasses and dried beet pulp; the latter roughages were
higher in NFE and TDN. By ensiling chopped or ground hay
with corn silage, fiber digestibility could be increased.
Hemicelluloses are hydrolyzed by plant enzymes during ensil-
ing (McDonald et al., 1968). Eresently, limited data is
available to conclude that cellulose digestion is enhanced
by plant enzymes during fermentation.

One of the earlier reports on the concept of feeding
complete rations was published by Olsom (1965). This pro-
gram has gained popular acceptance in the last decade
because each mouthful provides a balanced supply of

nutrients wvithout dependence on the cow to select adequate
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quantities of available roughages and concentrates. 1In
addition it tends to decrease fluctuations in rumen pH by
combining the forage and concentrate intake uniformly.
Kaufmann (1976) reported that a stable rusen pH is more con-
ducive to higher cellulolytic activity. By routinely adding
a chopped or ground hay source in a complete feed progran,
numerous nutritional and sanagement advantages could be
obtained. In high energy rations for early lactation, rumi-
nation and DMI could be promoted by assuring the intake of
an effective fiber source such as hay. Coppock et al.
(1974) compared ad libitua TMR feeding prograams vwith wide
forage to concentrate ratios and determined that cows do not
regulate their intakes according to their energy needs.

They suggested grouping cows by production levels and modif-
ying the ration to control energy consuaption. Particular-
ily with high energy corn silage, added hay may adjust the
ADF level to restrict the intake of cows in late lactation
(vhile promoting the utilization of poorer quality hay) and
prevent excess flesh. This program would eliminate feed
preference and reduce hay wastage which characterize the
conventional method of administering hay. Possible econoaic

managenent advantages will be discussed in the epilogue.



MATERIALS AND METHODS

EXperimentsl Desidln

Twelty—-Iive RULTiparOuUs COWS 1N theil Secohd triflestel
of lactation were ranaomiy assigned in a 5 X 5 letiu square
rotation to five silages: ccntrol (N), caopped aauea (Cia),
ground added (GA), chopped eusiied (CE), ana grouna ehsiled
(GE) . Chouppea (2-6 cn) or grouad (< .5 Ccm) hey Was :aded to
corn green chop at 12.5% (total fordage ary uwatter) betore
ensiling. Chopped or grouna hay was also adaed to the con-
troi =ilege =t the szme rate prior to feecing. Suppiement A
(listed in Table 1 and formuiated to contaia 39% CP and 1.b3

Mcal/kg NE,, ary matier bdsls) and hign moisture CoUrl were

1
adued to tne five siiages to providz a total milxea CLatioa
(TMR) containing 14% crude protein and 1.07 #cal/kg NE4
(Table II). &ormally a 612 xg ccw procuc.ng 21 K4y cf rat
corrected milg (FCM) requires 1.47 #Acuai/ky NEq (NeC,1978) .
By increasing the energy density ¢f the ration to 1.67

dcal/kg NE miik production would ot pe limitea theoreti-

ll
caily, and an excess propiohecte fermentztlion may De exXxpeCtod

to produce milk fat aepression.
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Table I. Composition of dairy supplement A.

Ingredient Concentration!
7%
Dried Molasses 1.25
Wet Molasses 3.00
Distiller's Dried Grains 2.50
Wheat 5.75
Pellet Binder 2.00
Trace Mineralized Salt 1.75
Ground Limestone 2.50
Dicalcium Phosphate 3.50
NaSO, .75
Magnesium Oxide .75
Vitamin Mix2 .50
Soybean Meal 75.75
Total 100.00

lcalculated on as-fed basis.

212 x 10% IU A and D.
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Table II. Percent dry matter supplied by the feed components for the
five complete ratioms.
N cA GA CE GE
............ A
Control
corn silage 63.6 55.5 55.5
Ensiled hay
silage 63.6 63.6
Added hay
(ground or
chopped) * 8.1 8.1
Supplement A 22.0 22.0 22.0 22.0 22.0
Ground H. M.
corn 14.4 14.4 14.4 14.4 14.4

*Hay was added to ration

prior to feeding.
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Cows were housed in a stanchion barn throughout the
experiment and water was available at all times. As covs
became available for the experiment, four groups were foraed
containing five or tem cows in each group. Milk sasples
were collected on days 19 and 20 of each feeding period.
Rumen and blood samples were taken at 1900 bhr on day 21
prior to change of ration. A 10 ml jugular blood saaple was
collected 6 hr postprandial on day 21. Approximately 2 =g
sodium fluoride and 200 U heparin were added to the tube to
prevent glycolysis and clotting. The samples were centri-
fuged for 15 min at 6,785 x g using a Beckmanm J2-21 Centri-
fuge.! Plasma was aspirated and stored at -15°C until ana-

lyzed.

Ration Formulationm and Analysis
Average quality baled orchard grass hay (9% CP and 36%
ADF) was chopped with a field chopper at a knife setting of
2.54 ca. The same quality hay vas also ground in a New
Holland2 tub grinder through a .64 cm screen. The corn
silage wvas mediuam chopped averaging 1.27 ca» theoretical
length of cut (TLC). The chopped or ground hay was evenly

distributed on top of the corm green chop prior to emsiling

1Beckaan Instrusents, Inc., Fullerton, California.

2Sperry New Holland Corp., New Holland, Conmecticut.



in 3.7 m x 9.1 » concrete uprignt 51i0>. All raticas were
formu_.oted to havae « b4:3o0 foraye:concentrate ratio on o ary
matter basis. The concentrate 11x, ground nxigh EGLsSture
corn, &and aaded hay (rations CA and GA) were mixed witn the
apprepriate sileue prior to each teeaing. Cows were red
twice at 0700 and 1350 hr. Orts were coliected ana weaghea
aaily =2t U90u. ALl rations were offered cccording to FCH
production aad body weiqgnt and adjustea to aave 104 orts
daily. Feed samples were coilected piweekly tor cnalysis3d
of nutrient couwposition. Body welghts were re¢cordecd
piweekly ana dry satter intaxe (DMI) was expressed as Kg/Kg

body veight+°®.

dilx Analysis

Milk semples were analyzed for % total solids, fut zng
protexin contént. A 2 wl aliquotr of miik of Kaowin weilght wds
dried for 3 ar in a 100°C forced-air oven. Driaed samples
were then weighed to obtain 2 dry milxk weigat and udiviaed DY
fluid miik weignt to deteraline percent total solias. fat
content was optained by & l1ight ditrfusion technique using «
Milxk Tester automdtic.*® Protein analysis was determiued by

an amido black dye binding technique using a PFoss Pro-Milk

3Vvirginia Polytechnic Institute ana State Uriversaity 2urage
Testing Laporztory, blucksbuarg, Virginic.

4foss Electric, diillerod Denuark.
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Semjijautomatic Tester.S

Determination of Flasma Glucose

Plasma samples were deproteinized prior to amalysis
using a modification of the Somogyi-Nelson Method (Beinhold,
1953) . A one 8l aliquot of plasma was combined with two ml
of 5% zinc sulfate, two ml of 0.3 N barium hydroxide and
five al of distilled water. The sample was then centrifuged
at 4,640 x g for 15 min. Deproteinized plasma samples vere
assayed in duplicate for glucose using a glucose oxidase
procedure.® Color intensity was determined using a Beckaan
Model 35 Spectrophotometer. Concentration of plasma glucose

was recorded in agy/dl.

Determination of Plasma Urea

Plasma urea nitrogen was determined according to the
method of Coulombe and Favreau(1963). A 1.0 ml aliquot of
plasma was added to a 9.0 al tungstic acid reagemnt for
deproteinization. Pive ml of diacetyl monoxime and thiosenm-
icarbazide (DAM-TSC) was added to 2 ml of the plasamaysacid
filtrate to form a red colored complex with urea. Concen-

tration vas determined by color intensity usimg a Beckman

SPoss Electric, Hillerod, Denmark.

6Sigma Chemical Company, Saint Louis, Missouri.
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Model 35 Spectrophotometer and expressed in mgy/dl.

Determination of Rumen VFA

Fifty ml of rumen fluid was collected under vacuums
using a stomach tube fitted with a 2 mam stainless steel fil-
ter. A S ml aliquot was pipetted into 1 al of 25% metaphos-
phoric acid and stored at -15°C until analyzed. Volatile
fatty acids (VFA) wvere analyzed by gas chromatography (Otten-
stein and Bartley, 1971) using isocaproic acid as the inter-

nal standard for quantification.

Ration Digestikility Analysis
At the termination of the experiment, rumen fluid was
collected from a fistulated cow fed a CA ration and jmn vitro
dry matter digestibility was determined by Tilley and Terry

(1963) technique.

Statistical Analysis
Statistical Analysis System? was used to amalyze the

data. Analysis of treatments was determined Lty gemeral 1lin-

ear model procedures of SAS using the model:

Y = Ration, Day, Group, Cow (Grouf), Period (Group)

7SAS Institute, Inc., Raleigh, NC, 1979.
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Type (ensiled versus added), form (chopped versus ground)
and all hay treatments versus the control were compared
using orthogonal contrasts and estimates. Tukey®s all-pairs
comparison of the five rations vere tested by Bomnferroni F
test. The model and experimental design used in this expe-

riment are further described in Table I11I.



Table III. Statistical design, models, and expected mean squares for
ensiled hay study.

26

A. Statistical arrangement and cow assignment.

N ca GA CE GE
Period I
Period II
Period III
Period IV
Period V
Group I Group II Group III Group IV
Date started: Jan. 13 Jan. 27 Feb. 10 Feb. 17
Cow no.: H-1071 H-1068 H-1167 H-1133
H-1083 H-1148 H-1232 H-1252
H-1086 H-1159 H-1249 H-1104
H-1227 H-1210 H-1254 H-1244
H-1235 H-1246 H-1233 H-1208
SH-1301
CH-1313
H-1331
H-1335
H-1341

B. Model and expected mean squares for analysis of ratioms.

3 + c(j)k + p(j)k + Dm +
where R = ration treatments
G = groups

Y=u+R, + G

i

c
P = per
E

Source

Groups

Cows (Groups)

= Cows

iods

Periods (Groups)

Treatxents
Days
Residual

residual component

Expected

E(ijklm)n

i = 1 chrough 5
j = 1 chrough &
k = 1 through 5
ms=1l, 2

Mean Square

g + kz’é + k1£G§/3
s + kz“i

2 -
02 + Kk, IT3/4

gl + kgID?
a




RESULTS AND DISCUSSION

Bation Apalysis

Rations wvere formulated to be isonitrogemous, with
hay-containing rations to have egual energy densities. Mean
nutrient compositions of the silages and coaplete rations
are reported in Table IV. Crude protein averaged 13.96% and
net energy of lactation averaged 1.67 Mcal/kg. There were
no differences (P < .05) between ration means for the five
treatments although, hay-containing rations averaged 22% ADF

wvhile the control ration averaged 20% ADF.

Fat Composition

When comparing all five ration treataents (Tukey's
test), milk fat percentage was significantly higher (P <
«05) for the chopped hay rations (added or ensiled) and the
ground ensiled ration thanm with the control (Table V). Hol-
ter et al. (1973) observed similar responses when feeding ad
libitum corn silage and concentrate with two different lev-
els (.5 and 1.0kg/100kg body weight daily) of supplemented
hay. They reported significantly higher msilk fat (3.58% and

3.70%) from hay-containing rations than when corm silage wvas

27
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Table IV. Mean nutrient composition of silages and complete ratioms.!

DM CP ADF TDN NE, IVDMD
-------- %= - - -« - - - Mcal/kg %
Silage
Ensiled chopped hay 39.5 8.1 29.0 68 1.59 74.3
Ensiled ground hay 38.6 8.0 29.8 67 1.57 73.2
Control silage 37.6 7.1 27.8 68 1.59 75.3
Ration
N 48.8 13.6 20.1 74.3 1.69 78.8
CA 50.7 14.1 21.9 71.9 1.64 75.2
GA 49.0 13.5 21.2 73.1 1.67 78.4
CE 50.0 14.4 23.0 72.3 1.65 77.7
GE 51.2 14.2 21.3 73.4 1.68 T 76.9
pooled SE 1.3 .6 1.0 1.3 .02 .7

1Means of six samples of each ration analyzed by Virginia Tech Forage Testing
Lab.
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Table V. Milk component means and contrasts for ration treatments.

Ration Milk Fat FCM Protein SNF SCM Total Solids
kg % kg % % kg %
N 25.5'  3.07* 22,0 3.44 8.61  22.0 11.72
ca 24.6 3.31°¢ 219 3.38 8.56  21.7 11.9°
GA 25.0 3.18% 218  3.39 8.75  22.1 11.9°
CE 26.1 3.38¢  21.8  3.41 8.64  21.7 12.0°
GE 24.8 3.28°¢ 22,0 3.39 8.61  22.0 11.9°
pooled SE .8 .05 .3 .02 .04 .3 .04
Contrasts?
CA vs CE .49 -.07 .12 -.05 .05 .06 -.11
GA vs GE .25 -.09 -.16 .01 12% .06 .02
N vs others .89 -.21% .90 .05 -.02 -.31 -.21%
GA and GE vs
CA and CE 1.03  -.12% .06 .00 .07 .25 -.06

lRation means with different superscripts (a,b,c) are significantly different
(p < .05).

2Corresponding numbers represent estimated differences, * denotes significance
(p < .05).
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the only roughage fed (3.33%). They offered, however, 4 and
10 times the amount we offered in this experiment. Other
vorkers (Waugh et al., 1955; Chalupa et al., 1969) have also
reported improvement in milk fat content by supplementing
hay at various rates.

Oorthogonal contrasts and estimates are shown in Table
V. The control was .21 percentage units lover (P < .01)
than rations containing hay. Contrary to work done by Lof-
gren and Warner (1970), the correlation betweemn ADF intake
and milk fat percentage was not significant. Whether added
or ensiled, ailk fat levels were .12 units higher (P < .02)
for rations containing chopped hay versus ground hay. This
is in agreement with numerous workers (Rodrigue amd Allen,
1960; O*Dell et al., 1968; Chaluga et al., 1969; RMiller et
al., 1969; Murdock and Hodgson, 1979) whose work associate
roughage particle leagth and milk fat percentage. The
ground hay used im our experiment was less than .64 cm that
Harris (1975) suggests as a minimum length for effective
fiber.

The significant fat response we observed with the
ground ensiled ratiom could reflect a higher quality silage
obtained by adding ground hay. Dry matter recovery (DMB)
for the ground ensiled forage was 92% while the chopped

ensiled was 87%. A higher DMR would indicate a greater
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resistance to nutrient losses during the emsiling period.
Ground hay may have substantially reduced seepage losses by
absorbing highly digestible organic acids, soluktle carbohyd-
rates, minerals, and soluble nitrogenous compounds associ-
ated with the effluent (NMcDonald, 1981). Miller and Clifton
(1965) reported dry matter losses in the effluent ranging
from 0 to 12% with crops varying in dry matter content.
Furthersore, the smaller particle size of the ground hay
might have allowed for tighter packing, which would reduce
losses from excessive aerobic fermentation. As a result,
acetate production may have been higher in the ground
ensiled roughage and thereby readily absorbed in the rumen
epitheliua. Acid concentration of the silages wvas nct aoni-
tored in this experiment.

orskov (1975) describes the manipulation of rumen fer-
mentation products as necessary for influencing the maximua
partitioning of energy into milk synthesis. Addition of hay
to the ration tended to increase the nonglucogenic ratio
(NGR) of wvolatile fatty acids in a direction favorable to
increased energy output as milk fat. Correlation coeffi-
cients for NGR and APR with percent milk fat (% MF) were low
but significant [ (NGR and X MF; r = .21 (P < .02); APR and %
MF, r = <16 (P < .08) ] The purpose of this experiment wuas

to administer hay at a level (1.4kg/day) that would exeam-
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plify a typical Virginia dairyman®'s feeding program. One
point which needs to be stressed is that the maximsum amount
of hay fed in our experiment was 10 to 60 percent of the
amount fed by other workers (Holter et al., 1973; Chalupa et
al., 1969) reported in the review. The small but signifi-
cant responses we observed appears appropriate to the level
of hay fed and design of the exfperiaent.

By orthogonal contrast (Table VII), the BEGR of the con-
trol ration vas <35 units lowver (P < .03) thamn the ratio for
hay-containing rations. 8%e did not observe any apparent
differences in weight gains with the control ration which
had the lowest NGR. This may reflect the length of the
feeding period, however, the two added hay rations produced
higher body weight gains than the two ensiled hay rations
(Table VI). The drier comsistency of the added hay rationms
may have stimulated the cows tc consume more water.

Another possible account for the fat response with the
ground ensiled ration may be due to the experimemtal design.
Even though the statistical model accounts for a period
effect, the ground ensiled ration may not have supported as
high a fat lewvel if the ration had been fed for a longer
duration. W%hen feeding finely chopped corn silage (TIC < 1
cm) for three veeks, Miller et al. (1969) observed only 1%
decline in fat content from the initial level. From the 5th

to the 10th week, however, they reported a 13% degression.
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Table vI., Mean body weights, feed intake, ADF intake and contrasts for
ration treatments.

Body DMI/ ADF DMI/
Ration weight BW-75 intake BW
(kg) (kg) (kg) (%)
N 5861 .170°¢ 4.1 3.47¢
CA 588 .161%P 4.2 3.29P3
GA 590 .1633P¢ 4.1 3.26°2
CE 580 .1582 4.3 3.242
GE 583 .166°¢ 4.2 3.40P¢
pooled SE 5 .003 .1 .01
Contrasts2
CA vs CE 8.10% .003 -.07 .00
GA vs GE 5.44 -.004 -.13 -.14%
N vs others .23 .008%* -.13 .17%
GA and GE vs
CA and CE 4.70 .009 -.28 .00

lRation means with different superscripts (a,b,c) are significantly
different (p < .05).

2Corresponding numbers represent estimated differences, * denotes
significance (p < .05).
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In our latin square rotation (Table III), the ground ensiled
treatment followed the chopped ensiled treatment in all
periods except one. Higher fat levels produced by the
ground ensiled rationm could be due to a carry over from the
elevated response from the chopped ensiled treataent. A
similar depression was also observed when the ground added

treatment followed the chopped added treatment.

Percent Total Solids and Soljds Not Fat

Percent total solids were significantly higher (P <
«.01) in all rations containing hay when compared to the con-
trol (Table V). Estimates indicate that the control was .21
percentage units lover than the experimental ratioms. This
predominately reflects the higher fat content of milk prod-
uced wvhen hay-containing rations were fed. There were no
differences in solids corrected milk (SCM) or milk protein
content. Holter et al. (1973) reported higher SCM and per-
cent milk protein when high quality hay was supplemented for
corn silage at 1 kg/100 kg body weight. Their response may
be influenced by the higher feeding level and quality of hay
than fed in the present study. Several vorkers have cited
an increase in milk production and milk protein content when
casein and amino acids have been post ruminally infused

(Broderick et al., 1970; Clark et al., 1973). Therefore,
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feeding lov soluble protein (added hay rations) may have an
advantageous response over high soluble protein (ensiled hay
rations). Grieve et al. (1980), however, observed no
improvement in milk protein content when feeding either dry
(Low soluble nitrogen) or ensiled (high soluble nitrogen)
hay as the major roughage source. Prange et al. (1980)
reported that nonammonia nitrogen flow to the duodenum was
similar for both emnsiled and baled alfalfa rations.

Percent solids not fat (SNF) for the ground added
ration was .12 higher (P < .03) than the ground ensiled
diet. Chalupa et al. (1969) reported higher SNF in ground
and pelleted rations when compared to coarser forages.
Grieve et al. (1980) also cited a higher lactose fraction

produced from a dried versus ensiled roughage.

Milk Production and Dry Matter Intake

There were no differences in milk production or FCHN
among treatments (Table V). Other researchers (Chalupa et
al., 1969; Holter et al., 1973; and Murdock and Hodgson,
1977) have reported similar responses when hay was substi-
tuted for pellets or corm silage in fat depressing diets.
Increases in feed intake are generally associated with
rations containing higher levels of ration digestibility

(McCullough, 1973). Highest DMI (Table VI) was observed
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with the control ratiom, which also had the highest in vitro
dry matter digestibility (Table IV). Cows receiving rations
containing chopped hay were significantly lower inm DMI than
the control. Estimate of intake as a percent of the Lody
veight was .02 units higher (F < .02) for the control ration
than hay-containing rations. This may be expected as the
added density and ADF from the hay would tend to depress
intake (Campling and Freer, 1966; Rohweder et al., 1978).
Contrary to our findings other workers (Waugh et al.,
1955; Holter et al., 1973) have cited increased DMI when hay
vas supplemented with corn silage based ratioms. Ruainal
turnover or dilution rate is important in controlling feed
intake. Fluid dilution rate depends upon salivary flow and
is highly correlated with chewing indexes (Harrison et al.
1975; Sudweeks et al. 1975). Harrison et al. (19795)
increased rumen dilution rates when artificial saliva was
infused into sheep rumen. They observed howvever, that dilu-
tion rates wvere only increased vwith those animals that orig-
inally had lov rumsen turnover rates with the control ration.
Increased intake response with supplemented hay may reflect
the inability of a particular length of cormn silage to inpi-
tially provide adequate rumen stimulation and saliva prod-
uction. We did not observe am increase in intake when hay
vas supplemented probably because adequate rumen stimulation

vas provided by the control silage (TLC, 1.27 ca).
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Digesta does not leave the rumen until it is Lkroken
down into finer particles. Therefore, faster ruainal turno-
ver aust be accompanied by a greater rate of forage
digestion (Mertens, 1977). BReducing particle size by grind-
ing increases the surface area available for microbial atta-
chment. Alwash and Thomas (1971) however, have shown that
ground or pelleted feeds bhave shorter rumen retention times.
This phenomenon enables higher intakes but depresses overall
fiber digestion. The compromise in digestibility for intake
may not be beneficial unless increased efficiency in digest-
ing structural carbohydrates is improved. Grindimg and
ensiling may have improved fiber digestibility and feed
efficiency as evident in the slightly higher FCM produced.

Mertens (1977) defines lag time as that period prior to
fiber digestion when chemical or physical alteration of the
plant structure sust occur before bacterial attachsent and
enzymatic action can take place. Possible explanations for
a lag period phenomenon include reamoving substances that
inhibit fiber digestion, or prior hydration of fiber to
allov enzyme penetration (Mertens, 1977). Even though rate
of passage is increased by grinding the hay, a reduction in
lag time due to ensiling may have facilitated utilization of
the fiber source for acetate production. By taking an ear-
lier postprandial rumen sample, ve may have observed a

higher acetate level with the GE ration.
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supstitution ot hay for coria silage may have also
increasea net utiiization ot energy for milgk productiocne.
Rations containing hay averaged 1.6o Mcal/kg NEl whilie taoe

control ratiuvn zveragea 1.69 dcal/Kg NE Tyrreil cnua Moe

1°
(1972) fed two different forage:concentrate diets dveraguing
1.60 fdcal/kg and 1.70 Acal/kg tC cCOWS proauciiag similal iev=—
els of miik 4s those used 1n our study. They reportea 61%
efficiency of ailk synthesis Irom metapol:izabie energy Iroa
the lower concentrate aliet (l1.bo Mczl/xg) compareu to Sidj
for tane nigher concentrate ration (1.70 dcal/kg) . ‘“he Low

etficiency was associated with depressed fat concentration

in the miiKk.

Rumen Fermentation

Totel VFA aiu not vary signaficantiy among tae rwtion
treatuents (Tabpie VII). Normal ranges are frow 6U-120 pm/wa
(Baich and Rowiand, 1957; McCiyamocnt, 1951) and our treat-
ments averagea 42.8 um/ml. This veliue is lower tiaiL one
might expect whelL feeaing couprete rationse coataiuiay axga
quality corn silaye. Balcn end Rowland (1957) ooserved &
56% decrease in totai VFA concentrations o ar after feedilye.
Thertore, discrepancy in the total «mount may pe due to tide
ot ling. Injection technique aRd DetLod Of SeRpilly «Ce

SERHIY)
also possible sources ot error.
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Table VII. Mean rumen volatile fatty acids and contrasts for ration
treatments.

Ration Total VFA Acetate Propionate Butyrate APR NGR
ym/ml - - - - - - - molar % - - - - - - -
N 45.2! 54.9 33.8 9.5% 1.7 2.3
CA 43.9 57.0 30.8 10.7° 2.0 2.7
GA 43.4 55.6 32.5 10.3P 1.8 2.4
CE 37.0 56.1 1.4 10.8° 1.9 2.5
GE 44.8 55.3 1.4 11.5° 1.9 2.6
pooled SE 4.1 1.1 1.22 .5 .1 .1
Contrasts?
CA vs CE 5.54 0.61 -.18 -.22 .02 .09
GA vs GE -2.13 -0.11 1.43 -1.21 -6 -.24
N vs others 2.89 -1.44 2.94% -1.61* .21 -.35%
GA and GE vs
CA and CE 8.19 -1.95 1.24 .60 -.19  -.20

lRation means (+SE) with different superscripts (a,b,c) are significantly
different (p < .05).

2Corresponding numbers represent estimated differences, * denotes significance
(p < .05).
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Acetate Production

Molar percent acetate was not significantly different
betveen treatments and averaged 56 percent for all rations.
Blaxter (1962) maintains that acetate proportion should be
at least 60 percent to prevent milk fat derression. Several
varkers have implicated that an acetate deficiency rarely
occurs. Jorgensen et al. (1965) found no iaprovesent in
milk fat levels when cows fed high grain rations were sup-
plemented with 1 or 2 1lbs of sodium acetate. The additive
elevated blood acetate 4 to 5 times and raised APR levels to
3:1 without improving ailk fat production. Dawvis (1967)
showed that actual acetate production and turnover rates
vere similar for both high and low forage:concentrate diets.
Even though acetate production is comparable for high and

low grain rations, de novo milk fat synthesis is limited due

to an increase in acetate uptake by adipose tissue for body
fat synthesis (Davis, 1967; Bauman, 1976). When cows are
changed from a milk fat depressing diet to a ration high in
roughage, the APR returans to normal within 3 to 4 days, how-
ever, 2 to 3 weeks are required for fat test levels to
recover (Satter and Binge, 1969). This lag period suggests
that other factors other than an ample supply of precursors
for milk fat may be contributing to degressed fat synthesis.

Excess propionate production could be limiting fat synthesis
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by altering enzymes and shifting metabolism in favor of
weight gain in place of milk fat synthesis.

Volatile fatty acids are synthesized at a faster rate
in silage diets than dry hay diets (Sudweeks, 1977). 1The
extra time needed for the rumen microbes to penetrate the
dried hay may result in a delayed acetate release. There-
fore, a higher postprandial acetate production aay have
occurred with the rations containing ensiled hay at an ear-
lier observation.

Effective fiber is necessary to remove degenerate tis-
sue and enhance metabolic activity in the rusen mucosa (Wei-
gand et al., 1975). Nocek et al. (1980) showed that ration
physical form also appears to influence rumen morphology and
epithelial transport of VFA. They observed higher rates of
acetate transport in calves fed rations containing chopped
or ground hay when compared to feeding concentrates defi-
cient in effective fiber. Additional fiber supplied by the
hay-containing rations may have enhanced VFA transport
across the rumen, resulting in lover rumen acetate levels
observed. Determination of plasma acetate levels may have

clarified this assumption.
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Propionate Eroduction

There were no statistical differences for molar percent
propionate between the treatments(Table VII). However, an
8% reduction from the control level was observed in the
rations which responded significantly higher in fat levels
and may have contributed to this response. By orthogonal
contrast molar percent propionate was 2.9 percentage units
lover (P<.04) for the rations containing hay when coapared to
the control. Numerous workers (Storry and Sutton, 1969;
Palmquest and Conrad, 1971) have reported elevated rumsen
propionate levels associated with milk fat depression when
feeding HCRR diets. Propionate is the predoainate glyco-
genic precursor froam rumen VFA, and it has been estimated
that 16X to 60% of absorbed propionate is converted to glu-
cose (Bergman et al., 1966; Judson et al., 1968; leng, et
al., 1967). HMcClymont and Vallance (1962) suggested that
accelerated rates of gluconeogenesis froam high concentrate
diets cause increased rates of insulin secretion, depressing
the rate of release of free fatty acids (FFA) deposited in
the adipose tissue. Van Soest (1963) proposed that propion-
ate acts as an antiketogenic agent in supgressing the mobi-
lization of fat stores and reducing the plasma lipid concen-
tration necessary for normal milk fat synthesis. Long chain

fatty acids supply approximately 50% of the fatty acids
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found 1n riix (Emery, 1973). Iusuiin acts ds an @litiiipo-=
lytic snorwone in ziu and late lactation cows, presukaoiy LYy
indirectiy activating lipoproteun lipase by loweriuny canP
levels (Jenny et &l., 1974; Yang and Balawin, 19735).
Alxnouyn not significant, tiae€ £@QUCTAOL il pro ivneate
levels seems to have influenced milk fut aiieviation. Tae
effect may be more apparent LYy ooserving the APRK anda NGk
trerds. by exemininy tne feotty #Clu CORteRt Ol @lil, We Lay
have obtained more eviaence to support tais 1aterpretation
of our fet response. When feeding «ll concentrate versus
d4ii hay rations, Opstvedt ana konniay (1907) reporreq sig-
nificant increases in the amount of uUnsatufated t¢ =atUrated
fatty acids cna a pronounced reauction of iong cncin ratty
acids in the milk. Plaswa insuiin ievels were NOt €Xauilea

in this study.

sutyrate Prodauction
Eutyrete wes higmer (P<.05) in aiir r:tions contaiuiag
nay and wmay refiect an interconversion of acetate o puty-
rate in the rumen (Sachan ana Davis, 1967). 2y orthcgoaad
contrast witn tne controi, moelar perceut oputyrite wes l.o
units higher (P<.01) for asdi rations containrag anay (Tapic
VII). Van Scest (1%03) proucsed ole reason ICC depiessed

milk £zt couid result zrom s aeliciency oi B-nydroxybutyrote



4y

{(BHEA) « Other worKkers (Milier et ci., 1909; Jorgensen :zuu
Scaultz, 19603; Opstvedt and Ronning, 1967) have reportea
similer increases in kolsar percent outyrate levels zssoci-—
ated with sicnificant fat responses. Butyric acia 1s ccon-
verted to BHLA, a kKetone body, iL the rumen epitheliium and
liver. The utiiization ot Ketohe budies LY tae maRWEry
gland nas been clusely correlated with tae secretvion Of miik
tet. The extent to which a butyrate deficiency from ACkKa
alets limits milk fat synthesis iaas beeR questioned.

Palmgquist et ai. (196Y9) snovwed that the specific actav-
ity ot C,=<Cqy, fatty 2Ciuas in milK Celélled CONStEnt with
injections of BHBA. Prom tnese results, they conciudea taat
BHBA contributes cnly 8% of the totai fatciy acid caroons and
postuiatea tinat z deticiency or BHBA 1is not @ causative fec-
tor for depressea productioan of wilk fat in HCRK ailets.
Luick and Kaweoxs: (1967), however, 1indicated a partiad
breaxdown of BHBA in the maumary yland to acetyli ualts,
which would edd to tae acetate supply incorporated iLto @miik
fatty acids.

Interaction of propionate on conversion of putryrate to
BHBA ofters another pcsSsiple expiahatlion N deTeCliRing now
elevated butyrate levels mzy have contributed to . miix tat
response. High propionate ievels inhipit fcrmation of Btiba

from butyrate il the liver (sSeto et ai, 19Y59). Tnis would
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suggest that lower propiciate proauctioa trom chopped
rations or ground ensiied rztion ncd less of «d zntiketo-
genic effect. Y heasuring blooa xetone i1evels we tdy have

peen &ple to clarity this assumptaion.

Plasma Urea Nitrocen

Mean plood urea nitrogyen (BUN) levels zverageu 8.70 =
.43 mg/dl ana are within the normal range for cows &s
reported by Schalm et al. (1975). by Ortucdgonal COLtI4st
the cuopped hnzy edued diet wes .14 mg/di niyner thel When
chopped aay was easiied wita corn silage (Taoie VI1I). Tre
majority or BUN is eitner excretcd in the xidneys or recy-=
cled to the rumen via tne blcocod stream or saiiva tor Turtner
micropial proteil as31imuldtion. SiiCe en<rgy add protelan
intake levels were similar for ration tredtmBents, Lt Lppgears
the nigher BUN levei observed 6 nr postprandiai for tne
choppea addeu diet indicates a siower reicase of amwonia-nr-
troyer rrom tne l1ess solubie adued torage (TageLl €t adl.,
1964) . This agrees with work reported py Nocek €t al.
(1979) showing higher i~ solupiiity und lower residueal N with
fermentea foreges, i.e., COrn Siicge COMpéred tO Caupped
orcnard grass. High BUN ieveis nave been positive.y corre-
lated with rumen-sH 4 concentration c<ha negativeiy corraiatea

with N-retention (Tagari et al., 11964). Tils treLu 1is novu
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Table VIII. Mean plasma glucose and urea nitrogen levels for ration

treatments.
Glucose Urea nitrogen

Ration mg/dl mg/dl

N 53.4 8.36

cA 52.0 9.30

GA 54.2 8.30

CE 53.0 8.18

GE 53.2 9.30
pooled SE 1.1 .45
Contrasts!
CA vs CE -.9 .14%
GA vs GE .3 -.10
N vs others .5 -.05
GA and GE vs

CA and CE 2.1 .05

1Corresponding numbers represent estimated differences, * denotes
significance (p < .04).
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apparent with the results of our study. Nitrogen incorpora-
tion into milk protein (CA=.83 kgN, CE=.82kgN) was similar
for both rations. A nitrogen balance study and several
postprandial rumen fluid collections may have further clari-

fied N utilization among the treataents.

Plasma Glucose Levels

There were no differences observed in levels of plasma
glucose for the ration treatzents. Although not signifi-
cant, a tendency for higher milk production was observed
with the higher plasma glucose (Table VIII) and rusen pro-
pionate levels. The liver and, to a lesser extent, the kid-
neys are responsible for supplying the majority of glucose
for the ruminant. Acetate and butyrate do not contribute to
a net synthesis of glucose (Bergman, 1973), however, they
may spare glucose by providing the tissues with other sub-
strates for oxidative energy (Head et al., 1964). Propion-
ate and glucogenic aaino acids are the major precursors for
gluconeogenic pathways. The amount of propiomate available
for gluconeogenesis varies with the type and texture of the
diet as vell as the level of intake (Bensadoun et al. 1963).

Linzell (1960) has shown that mammary uptake of glucose
increased ten-fold during lactation in goats. Bickerstaff

et al. (1974) estimated that 60% of the glucose uptake in
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cows was incorporated into lactose synthesis. Lactose is
considered to be the aajor osmole of milk (Linzell and
Peaker, 1971), and therefore influences milk production by

draving vater into the alveclar lumens.



SUMMARY AND CONCLUSICKS

Tne purpose of this experiuent was tc qetermiae if
choppea or ground hay (either added to or ensileda witih corn
silage) woula eilclit @ miiK rat respoase when fea in i Tdk
at a ievel that would typify numerous feeaing programs
throughout Virginia. Twenty-five mature cows in mic-iacta-
tion were randomly assigned in & 5 x 5 liatin squere rotutioca
to five silayes: coatrol, caopped aaded, ground aaced,
chopped ensiied anu ground ernsiied. Chopped or grounu hajy
was aaaea to corn greea chop at 12.54 (total rorage dry umat-
ter) cvefore ¢nsiling or added at the same rate witn the con-
trol silage prior to feeding. Silayes were supplementea to
contain 14% CP ana 1.67 mcai/kg NHE, on a dry matter pasis
and fed as a THR. Each cow received the assigned ration torc
three veekKks.

Tne resuits indicate iacreasea miilk fat production when
chopped hay (added or ensiled) or ground nay (edsiieda) 13
incluaded in corn siiage based rations to mia lzctaxrlion Cows.
Percent milx fat was significantiy higher in CA, Cr, dhu GE
rations (3.31, 3.38 and 3.28%, respective.iy) when comparea

to N (3.074). The NGR for the CORtrol ratica was =—.35 iower
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There were no differences in milk productiomn, FCH, SCH,
SNF, percent milk protein, plasma glucose or BUN levels for
the ration treatments. However, dry matter intake was sig-
nificantly lowver tham the contrcl when chopped hay (added or
ensiled) was included in complete rations with corn silage.
With no difference in FCM produced within ration treatsments,
an equal level of performance from the chopped hay rations
could be expected, with comnsiderable savings in feed intake
and cost. Pourteen cents/cow/day could be saved when corn
silage ($20/T), 39% protein supplement ($245/T), high mois-
ture corn ($110/T) and orchard grass hay ($58/T) are fed in
similar proportions as outlined in this experiment. Parti-
cularily when feeding HCRR diets to cows in early lactation,
the added hay in a complete feed program would assure the
intake of an effective fiber source to promote rumination
and DMI. When feeding a high energy corm silage, this sanme
program would adjust the ADF level to inhibit the feed
intake of late lactation cows and prevent excess weight
gJains. By adding hay in a TMBR, feed preference would be
eliminated along with a substantial reduction in hay was-

tage.
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MILK FPAT RESPONSE TO CHOPPED AND GROUND HAY
WHEN ADDED TO OR ENSILED RITH CORN SILAGE
AND FED IN COMPLETE RATIONS TO DAIRY COWS

by
Charles W. Talbott
(ABSTRACT)

Tventy-five multiparous cows in their second trimester
of lactation vere randoaly assigned in a S x 5 latin square
rotation to five silages: control (N), chopped added (CA),
ground added (GA), chopped emsiled (CE), and groumnd ensiled
(GE). Chopped (2-6 cm) or ground (< .5 cm) hay was added to
corn green chop at 12.5% of the total forage dry matter
before ensiling (CE and GE). Chopped or ground hay vas also
added to the control silage at the same rate prior to feed-
ing (CA and GA). Silages were supplemented to coamtain 14%
crude protein and 1.67 Mcal/kg on a dry matter basis and fed
as a total nmixed ration. Hay-containing rations averaged
22% ADF, compared to 20% ADFP in the control ratiomn. Each
covw received the assigned ration for three weeks and silk
samples were collected on days 19 and 20 of each feeding
period. Means t S.B. for N, CA, GA, CE and GE were: per-
cent milk fat 3.07 &+ .08, 3.31 t+ .09, 3.37 t+ .08, 3.28 ¢
«08; percent total solids 11.7 & 11, 11.8 & .12, 11.9 ¢

12, 12.02 ¢ .13, 11.98 t+ .12; and dry matter intake per kg



metabolic body weight .170 ¢t .003, .161 ¢+ .003, .163 & .004,
-158 t .004, .166 t .004, respectively. Percent amilk fat
vas significantly higher in rations CE, CA, and GE when coa-
pared to N. HMilk production and percent milk protein did
not differ. The results indicate increased milk fat prod-
uction when chopped hay (added or ensiled) or ground hay
(ensiled) is included in corn silage based ratiomns for dairy
cattle. Whether chopped or ground, hay added at time of
ensiling tended to stimulate milk fat production more than
hay added just prior to feeding. The beneficial effect of
increased hay fiber length on milk fat production was evi-

dent whether hay was ensiled with or added to corm silage.
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