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IHTBODUCTIOH 

During the early stages of lactation the nutrient 

requirements of the cov aay exceed q-5 tiaes that of her 

requirements at aaintenance (IBC, 1978). In an effort to 

support the energy deaands of high ailk productiop, the 

cow's metabolisa changes in order to maintain her altered 

physiological state. High concentrate roughage-restricted 

(BCRR) diets are fed at this time in order to aaxiaize 

energy intake, but aay frequently result in acllte or Sllb-

clinical aetabolic 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-

Yide an optimal ruaen feraentation and endocrine-aetabolite 

relationship, faworable for milk fat synthesis a.Dd not body 

weight gain. '1he association between fiber length and nor-

mal milk fat levels has been extensively reyieved (Rodrigue 

and Allen, 1960i O'Dell et al •• 1968; Chalupa et al., 1969; 

Miller et al., 1969). this relationship is basic to under-

standing the Dlltritional benefit derived fro• feeding HCBB 

diets suppleaented with hay. Metabolic disorders and •ilk 

fat depression are coamon syaptoas of inadequate intake of 

1 
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effective fiber and represent financial consequences due to 

decreased production and lover •ilk prices. With conven-

tional feeding progra•s where forages are fed separately, 

there is no guarantee of hay intake. For eia•ple, hay coa-

puted at 5 lbs/cov/da7 in a ration formulated for 100 cows 

is "exactly" 7-10 bales distributed in a hay rack and fed 

free choice. Generally this assuaption is unrealistic as 

some cows overconsuae or underconsuae hay while the aajority 

of effective fiber is tramfled or used as bedding. 

In the past nuaerous feedstuffs have been added to 

ensiled roughages to iaprove their quality. By eqsiling 

chopped or ground haJ vith corn silage, fiber availabilty in 

the ration could be increased. 7he added dry aatter froa 

the hay could also improve the quality of the corn silage by 

absorbing soae of the nutrients lost during the fermentation 

process or seepage. The following study was propqsed to 

investigate responses in ailk fat content by ensiling ground 

or chopped hay vith corn silage and feeding in a total aixed 

ration (TftB) for lactating dairy cows. Hay replaced corn 

silage at a rate of 12.51 total forage dry aatter, which 

represents approxiaately 3 lbs/cov/day on an as-fed basis. 

This feeding level would typify nume£ous feeding prograas in 

Virginia where corn silage is supplemented with saall 

amounts of hay. 



tiTEBATUBE BEVIEW 

Fiber Length~ l.!.! Coaposition 

Various teras have been used to describe the ability of 

fiber to aaintain noraal milk fat levels. Harris (1975) 

uses an effectiwe fiber index to predict this aeasureaent. 

A good indication of effective fiber is obtained when the 

fiber source has been subaerged in vater and aaintains a 

length of 1/4• to 1/2". He submits that any finely ground 

and pelleted forage contains less than 10 percent effective 

fiberi 17 percent is ainiaum for normal fat levels. l good 

example of forage processing and effective fiber is deaon-

strated in a study by ftiller et al., (1969). field chop 

(1.27cm) or rechopped field chop (<.64cm) corn silage vas 

offered as the only roughage source to tvo groups of lactat-

ing covs. Covs receiving the rechopped forage had depressed 

milk fat percentage and fiber digestibility. !hey concluded 

that a miniaua knife setting of 1-1.3 cm is necessary to 

maintain noraal fat levels. 

Jorgensen et al. (1978) quantitatively associate the 

theoretical length of cut (7LC) of fiber with noraal ailk 

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

3 
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ticular forage. Two groups of high producing covs vere fed 

rations vith a 33:67 forage to concentrate ratio and differ-

ing only in the TLC of the roughage. ihe group fed the 

finely chopped roaghage (< .48 cm) vas significantly lover 

in milk fat and higher in body weight gains than the cows 

fed the aediua chopped roughage (.64 cm). Chewing time vas 

also lover (P < .05) for the covs fed the finely chopped 

roughage (7.4 hr/24 hr) as coapared to the group fed the 

medium chopped roughage (9.4 br/24 hr). Jorgensen aaintains 

the critical TLC of a forage for normal fat leYels is .64 

ca, and vhen chewing time is reduced to less than 9.4 hr/24 

hr period, energy 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 nuaerous 

experiments haYe well established the relationship tetveen 

particle size and noraal ailk fat levels. Bodrigue and 

Allen (1960) noticed a significant depression in content of 

milk fat and cell wall digestibility vhen substituting 

rations containing finely ground bay for long stea hay. 

They concluded the depressed fat levels were attributed to a 

decrease in cellulose digestion resulting froa a higher rate 

of passage for the ground hay. Finely ground feeds tend to 

reduce salivation and rumination, raise ruaen propionate 
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levels, decrease ruaen pH and lover microbial cellulolytic 

activity (BaileJ and Balch, 1961). O'Dell et al. (1968) 

reported that cows fed ground and pelleted alfalfa produced 

less •ilk fat when coapared to a baled alfalfa-fed group. A 

slight increase in fat levels was observed when a .64 ca 

ground hay that was not pelleted vas compared to the ground 

and pelleted hay. They concluded that the pelleting process 

further reduces forage particle size. In all cases, cows 

receiving the alfalfa pellets shoved a greater daily weight 

gain, reduction in ruaination and displayed aild syaptoas of 

bloat. When the fat depressing pellets were fed at aore 

frequent intervals the decline in fat levels vas less 

severe. 

By altering TLC in corn silage alone, Sudweeks et al. 

(1979) observed significant differences in aean ruaen vola-

tile fatty acid (YPA) production and acetate:propionate rat-

ios (APB) in sheep. fturdock and Hodgson (1977) reported 

depressed ailk fat and APB when alfalfa cubes were fed to 

lactating cows in place of long stea alfalfa hay. 

Nutritional Benefits from Adding J!s.l 

The addition of bay to the diet tends to maintain ailk 

fat levels and correct conditions conducive to ruaen disor-

ders. Waugh et al. (1955) fed ad libitua corn silage with 
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long stem hay at a rate of .00, .24, .47, and .83 lb/100 lb 

of live weight. He observed aaxiaum ailk, fat, and fat cor-

rected ailk(lCM) production with the group consuaing the .47 

lb level of hay and a significant increase in dry aatter 

intake (DMI) at the higher level of hay fed. Chalupa et al. 

(1969) corrected ailk fat depressions caused by pellet feed-

ing with baled hay sappleaented at 2.09 kg dry aatter/day. 

In a study encompassing four years, Bolter et al. (1973) 

determined the loDg term effects on ailk production and coa-

position, intake and general herd health, when feediDg lib-

eral amounts of concentrate and ad libitua corn 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) vas significantly higher for the 

rations containing bay than with the corn silage alone 

treatment (3.33 percent). Solids corrected ailk and D~I 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 and Balch, 1961). 7his is particu-

larily iaportant in HCBB diets which yield fermentation 

products high in propionate and lactate. 

The pH of the rumen lovers as this condition is exag-

gerated due to eicess production of lactic acid; ruaination 

is depressed and cows go off feed (Thorley, 1968). The 
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added buffering capacity when hay is supplemented in the 

diets increases the pH by promoting rumination aAd thereby 

helps maintain feed intake. Hodgson and 7hoaas (1975) cited 

the relationship between the tuffering capacity of the 

rumen, dilution rate and rumen fermentation patterns. Mith 

HCRR or ground hay diets high propionate lewels vere corre-

lated vith lov dilution rates. When Harrison et al. (1975) 

infused arti£icial saliva into sheep ruaen, they observed an 

increase in rumen turnover with a significant depression in 

rumen propionate levels. 

Buaen Feraentation and~ Coaposition 

Various aethods have been developed which correlate 

milk fat depression vith rumen fermentation products. Jor-

gensen et al. (1978) report that vhen the APB is above 2.5 

noraal fat tests are obserwed. Blaxter (1962) shoved that 

when the molar percent of acetate vas less than 60, a 

depression in ailt fat was likely. A more precise aethod of 

energy partitioning is descrited by Orskov•s (1975) nonglu-

cogenic ratio (NGB). The ratio is defined by coaparing the 

nonglucogenic ruaen aetabolites (acetate+ 2 butyrate+ wal-

erate) to the glucogenic ruaen products (propionate and val-

erate). Valerate is included in both the numerator and 

denominator because upon oxidation of valerate, one aole of 
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propionate and one mole of acetate is produced. An NGB of 

2.25-3.00 proYides optiaua energy utilization for growing or 

fattening ani•als, vhile ratios of 3-3.5 changes the parti-

tioning of energy froa adipose tissue synthesis to milk fat 

synthesis. 

Porage:Concentrate Rftio 

The liaiting nutrient for high producing co•s is usu-

ally energy (Balch,1976). Bauman and Currie (1980) report 

that the •aaaary gland aay require up to 80 percent of total 

glucose turnoYer during peak lactation. Increased energy 

aYailability is partially aet by a series of coordinated 

horaone 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 kecoaes 

ewident vhen high producing cows do not generally reach pos-

itive energy balance until 90 days into lactation and •ilk 

production has decreased to 80 percent of peak production. 

Futhermore, the cov attempts to satisfJ her carbohydrate or 

glucose needs by consuaing aore feed (Forbes,1977), and 

mobilizing her fat stores. "oe and Tyrrell (1972) coaputed 

that the efficiency of converting body tissue energy into 

milk fat was nearly as efficient as the direct use of die-

tary metabolizable energy {~E) for milk productioa. During 
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the first 10 veeks of lactation, they observed that cows in 

negative energy balance aobilized an eguiwalent of 50 kg of 

lipid stores or 9 kg of •ilk daily(!oe and 7yrrell,J972). 

High producing early lactating cows are fed rations 

containing as auch as 70 percent concentrate in au atteapt 

to provide the energy necessary to aeet their leYels of 

production. As the proportion of concentrates in the diet 

increases, •ilk fat percentage and the ratio of acetate plus 

butyrate to propionate decreases {Sutton,1976). Forage:con-

centrate ratios effect the fat coaposition of ailk bJ alter-

ing ruaen feraentation products. In a classic study by 

Balch and Bowland (1957) ten experiaents were conducted 

using fistulated ailking shorthorn covs fed warious aaounts 

of forage and concentrates differing in type and texture. 

Fluctuations in ruaen pH reflected the changes in concentra-

tion of VFA produced from the various diets. Low ratios of 

acetate:propionate were observed vith the low or ground bay 

diets and coincided vith a aarked decrease in ruaen pH. The 

low APR vas still obseryed by feeding the ground hay in 

place of long stea hay without changing the for-

age:concentrate ratio. They also observed a decrease in 

rumination and subsequent decrease in saliva or buffering 

capacity vith the rations containing the low fiber-high 

starch diets. Balch predicted that the failure to tuffer 
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the rumen environaent with the low or ground hay diets led 

to an acidic enwironaent unfavorable for cellulose digesting 

organisas that produce acetic acid. 

Jorgensen and Schultz (1966) fed four different concen-

trates to mid-lactating cows with forage:coocentrate ratios 

of 25:75 to 20:80. In all rations, acetate was depressed 

and propionate lewels were increased. Milk fat depression 

was also obserwed in all rations; least decline was evident 

in the 25:75 ratio with the more fibrous corn and cob aeal 

concentrate. Progressive decrease in DMI was reported as 

the amount of concentrate in the diet increased. 

Bation Coaposition and Milk ls! Depression 

Several earlier studies (Balch et al.,1955; Book,1962) 

support the concept that ailk fat depression results fro• 

deficiencies of acetate production when ground or restricted 

roughage diets are fed. However, work done ty Van Soest and 

Allen (1959) shoas that absolute concentrations of ruaen or 

blood acetate are not significantly lover on these diets. 

Proa this saae study positive correlations of decreased 

blood ketone lewels vere observed with defressed ailk fat, 

and negative correlations with ru1en propionate were 

observed. Chalupa et al. (1969) reported lover f~t lewels 

with rations containing ground or pelleted forage as the 
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sole roughage source. They also observed increased aolar 

percentage of propioDate and valerate. In addition milk fat 

contained decreased proportions of short chain fatty acids 

(C < 12). When corn silage or baled hay vas substituted for 

the pellets. ailt fat depression was alleviated and concoa-

ittant changes in ruaen VFA and fatty acid coaposition in 

the ailk was reported. Bensadoun et al. (1963) fed three 

rations containing chopped hay, pelleted ground hay, or a 

grain-hay pellet to sheep. When coapared to the rations 

containing chopped haJ, APB levels were lower for the pel-

leted rations with significant increases in plasaa glucose 

concentrations. Propionate acts as an antiketogenic agent 

in depressing ailt fat levels (Vansoest and Allen, 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 Polan, 1975). In an earlier study by Jenny 

et al. (1974) feeding high concentrate rations, ailk fat 

depression vas significantly correlated with high blood 

insulin levels. 

!cClyaont and Vallance (1962) were aaong the first to 

propose that insulin aay be involved with fat depression 

based on their results from intravenous glucose infusions. 
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They noticed a significant decrease in the free fatty acid 

fraction of arterial and aaaaary blood when glucose (2-3 

mg/100 al plasaa) vas infused intravenously. They concluded 

that insulin secretion depresses the rate of release of free 

fatty acids froa the adipose tissue. Rao et al. (1973) 

stiaulated lipoprotein lipase activity in adipose tissue of 

lactating cows when insulin and/or glucose was infused prior 

to tissue extraction; there was no alteratioD in response of 

this enzyme in the aaaaary gland. They aaintain that ~hen 

glucose and insulin stimulate lipoprotein lipase activity in 

adipose tissue, there is a reduction in the availability of 

fatty acids to the aaaaary gland due to a greater enzyaatic 

hydrolysis of lipoproteins and Uftake of triglycerides into 

the adipose tissue. Contrary to this finding, Yang and 

Baldwin (1973) observed no significant effect on basal lipo-

lytic rates when insulin vas added to isolated adipocytes, 

but reported a decrease of 20 percent in lipolytic rates 

vith epinephrine stiaulation. It appears that epinephrine 

stiaulates lipolysis by increasing cA"P activity, which is 

necessary for the activation of lipoprotein lipase in the 

adipose tissue (Bauaan, 1976). Insulin, however, is capable 

of activating the enzyae adenyl fhosphodiesterase vhicb 

catalyzes the hydrolysis of cA"P (Loten et al., 1970). This 

further reduces tbe conversion of inactive lipase to acti-

vated lipase. 
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Insulin llldf a.l.so affect re-estoeri±~cation ot :t.:..tty 

acids by incr~asi~y the upta~e o:t ~:..ucose into tht: ;;.llipos~ 

tissue, thus ~UP?lJing the necc~sary ~ubstrate for glycero~ 

syntnesi~. ovstvedt et al. (1967) reported higher 

L-a-gl1c1::i:o.ipr.ospaate a.enyurogenc..se concentrations in cows 

feu HCRR di~ts. fi~ ~roposeu this woula r~sult in n~gaer a-

glyceroiphospnate lev~ls vnich woula increase rat~~ ot tatty 

acid syL. tnesi.s ana. re-est1:rf ica ti.on 1.n c.d.1.pose tis:,j u~. 

The rate of fat mooil.ization an~ fatty acid ~s~erfica-

tion in rumin~nt ~aipvse tissue cppears to be cffectea. oy 

the animal's physiological state as well as tu~ u~~t. Tn~ 

changes in t~t mooilization to synthesi3 ar~ c~o~~~y rtl~teu 

to the energy stdtus of the ~nimal (Benson et ~l., 1972). 

Jenny ~t al. (1974) report~d no d.i.fftrences in serum g~ucost< 

or inbulin levels with cow5 in early lacta~ion f~a nign or 

~ow conctntrc~e r~tions. T~e in~bility of cows in c~r~y 

lactation to consu~e enouy~ ~ntrgy to sup~crt the ~etaoo~ic 

dem~nds of h~yh milk proctuction 

of negative ~nergy b~lance. As~ resu~t of c~roonyur~te 

insufticiency, low o~ood insu~in may be auvantageous at this 

time. ay reducing coffipetition with per~pheral organ~ that 

require insulin for glucose upt~~e, glucose av~i~~o~l1.t1 to 

the mammary g.iand. :nay be ~nnanced. furtnt;rmorE:, n:y }'0.1.;1..:;u-
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Coaplete Rations with 1@.I 

Energy is a priaary expense in dairy cow rations, and 

in Virginia corn silage yields the highest energy/acre in 

relation to production costs. However several articles have 

reported possible probleas encountered with feeding prograas 

consisting solely of corn silage based rations. Bolter et 

al. (1973) reported a higher tendency for ketosis in early 

lactation vith corn silage as the only roughage soorcE. 

Triaberger et al. (1972) cited increased incidences of dis-

placed aboaasua, ketosis, off feed and other postpartua com-

plications when cows receiving liberal concent.rate and corn 

silage based rations were coapared to those receiwing coapa-

rable aaounts 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 warner (1970) observed a significant corre-

lation between percent intake of ADF and fat test change 

(r: .72). Bock et al. (1974) reported an increase in milk 

fat test of .067 units for each unit increase in ration ADP 

dry matter coaposition. the N.R.C. (1978) recoamends a ain-

iaua of 21 percent ADP in the total ration in order to aain-

tain normal milk fat levels. If a high energy (23 percent 

ADP) corn silage is fed in a 60:40 forage:concentrate ratio, 

the total ration would contain a lliniaua of 16.6 percent 
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ADF. However if 6 lb of the dry matter from the corn silage 

were substituted with hay (40 percent ADP) the ration would 

be in excess of 19 percent ADF. Until there is a better 

method of administering hay intake, probleas associated with 

postpartum stress aad excess conditioning in late lactation 

appear unavoidable. therefore, data is needed to estatlisb 

the nutritional benefits derived fro• adding chopped or 

ground hay in coaplete rations to lactating dairJ cows. 

High quality forages are mandatory for optiaua ccv per-

formance and instrumental for reducing feed costs from 

excessive grain feeding. The net result of feeding high 

quality roughages is higher milk production (Donker and 

Naik, 1979). ftoe et al. (1971) have shown that direct con-

version of feed ftB to ailk synthesis is aore efficient than 

via tissue aetabolisa. Therefore. maximu• intake of total 

digestible nutrients (TDN) in early lactation is necessary 

to help cows reach positive energy balance earlier. Journet 

and Remand (1976) coapared various forage based diets of 

similar nutrient coaposition to determine which forage best 

met the energy needs of post Fartum cows. Cows fed the 

diets containing corn silage reached positive energy status 

sooner than covs fed equal proportions of alfalfa bay or 

long grass roughages. 
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In the past, nuaerous 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 feraentation and Freserve the quality of 

ensiled roughages (Thoaas, 1978). Grains high in starch 

(i.e •• corn, barley, and ailo) are generally added to aid in 

fermentation and add dry aatter in roughages containing 

ezcessiwe aoisture. Biller and Clifton (1965) reported the 

problems associated aith high aoisture silages and nutrient 

losses due to seepage. Bullis et al. (1959) observed that 

forages preserved with chopped alfalfa hay were higher in 

pcotein, fiber, and fat than the saae forages preserved with 

molasses and dried beet pulp; the latter roughages were 

higher in NFB and 7DI. 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). Presently. liaited 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 Olson (1965). this pco-

graa has gained popular acceptance in the last decade 

because each aouthful provides a balanced supply of 

nutrients without dependence on the cow to select adeguate 
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quantities of available roughages and concentrates. In 

addition it tends to decrease fluctuations in rumen pH bJ 

combining the forage and concentrate intake uniforaly. 

Kaufmann (1976) reported that a stable rumen pH is more con-

ducive to higher cellulolytic activity. By routinely adding 

a chopped or ground hay source in a complete feed program, 

numerous nutritional and aanagement advantages could be 

obtained. In high energy rations for early lactation, rumi-

nation and DMI could be proaoted by assuring the intake of 

an effective fiber source such as hay. Coppock et al. 

(1974) compared ad libitu~ 78B feeding prograas with wide 

forage to concentrate ratios and determined that cows do not 

regulate their intakes according to their energy needs. 

They suggested grouping covs by production levels and aodif-

ying the ration to control energJ consuaption. Particular-

ily with high energy corn silage, added hay aay adjust the 

ADF level to restrict the intake of cows in late lactation 

(while proaoting the utilization of poorer quality hay) and 

prevent excess flesh. 7his program vould eliainate feed 

preference and reduce hay wastage which characterize the 

conventional aethod of administering hay. Possible economic 

management advantages will be discussed in the epilogue. 



MATERIALS AND ~EThOuS 

Exp~rimentaJ Desian 

·l'iient:y-.::.:.ve mui-cipc:1.rou.s cow:s in th~i:c seconu 'tI:1.ilh::.s·u::r: 

ot lact<'-t.ion -wer~ ranaom;.y :..ssi9nea .1.n a S :t S le t.:i.l.i .squ~re 

rotation  to tiv~ ~ilages: central (N), cnopped a~u~a (CA), 

ground atideu (GA), chopped ~usiled \CE), ana grouLa en~i~~a 

(GE}. C~oppea (2-6 cc) or ground (< .5 c~) hey ~~ ~uUEd cu 

corn green cnop at 12.S~ (tot.al forage ury ~atter) b~±or~ 

en::iili.ng. Ci1oppeu or grouna. hay we1.; also a<11.1ee1 to t.t .. e  con-

trol sil~ge ~t th~ same r~t~ prior to feeaing. su~~lem~ut. a 

(lis-r.ea in Tc:1ble 1 anu for.1ulated to contain 3~;\ CP and 1.0-> 

Meal/kg NE1, ury ma"t~er na~i~) au~ hign mo.1..~ture corn wert 

:1.J.ueu 'tO tne fiv~ si.i.a~e,s t.o proviu,~ a. 'tvta~ m.1..x~c.. r2.t..1.on 

(T~R) containing 1~% crude protein c:llld 1.o7 dccil./kg ~~  

(TabL~ II). ~ormallJ a 612 Kg ~o~ iroauc-~q ~1 Ky of Iat 

correcteu m:...::.h. (FCM} require~ 1.47 ~cal/k.9 .-.E1 (Nh~, 197ti) • 

By increasing th~ en~rgy den.s:i...t} cf the .Cdt1.on -co 1.67 

iical/kg 1':i\, milk production would not ue 11.:nit:eu 1.htort:t:?..-

ca~lt, ~~~ an exc~ss propiun~te ferllien~~t:ion m~y DE exp~ctua 

to produce milA f~t uepres~ion. 

18 
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Table I. Composition of dairy supplement A. 

Ingredient Concentration 1 

Dried Molasses 

Wet Molasses 

Distiller's Dried Grains 

Wheat 

Pellet Binder 

Trace Mineralized Salt 

Ground Limestone 

Dicalcium Phosphate 

NaSOt+ 

Magnesium Oxide 

Vitamin Mix2 

Soybean Meal 

Total 

1Calculated on as-fed basis. 

2 12 x 106 IU A and D. 

% 

1.25 

3.00 

2.50 

5.75 

2.00 

1. 75 

2.50 

3.50 

.75 

.75 

.50 

75.75 

100.00 
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Table II. Percent dry matter supplied by the feed components for the 
five complete rations. 

N CA GA CE GE 

- - - - - - - - - - - - % - - - - - - - - - - - - -

Control 
corn silage 

Ensiled hay 
silage 

Added hay 
(ground or 
chopped)* 

Supplement A 

Ground H. M. 
corn 

63.6 55.5 

8.1 

22.0 22.0 

14.4 14.4 

*Hay was added to ration prior to feeding. 

55.5 

63.6 63.6 

8.1 

22.0 22.0 22.0 

14.4 14.4 14.4 
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Cows were housed in a stanchion barn throughout the 

experiment and water vas available at all tiaes. As cows 

becaae available for the experiment, four groups were formed 

containing fiwe or ten cows in each group. !ilk saaples 

were collected on days 19 and 20 of each feeding period. 

Rumen and blood saaples vere taken at 1900 hr on day 21 

prior to change of ration. A 10 ml jugular blood saaple was 

collected 6 hr postprandial on day 21. Approziaately 2 ag 

sodiua fluoride and 200 U heparin vere added to the tube to 

prevent glycolJsis and clotting. The saaples were centri-

fuged for 15 ain at 6,785 x g using a Beckman J2-21 Centri-

fuge.a Plas•a was aspirated and stored at -1s 0 c until ana-

lyzed. 

Ration Foraulation and Analysis 

Average quality baled orchard grass hay (91 CP and 361 

ADF) was chopped with a field chopper at a knife setting of 

2.54 cm. The saae quality hay was also ground in a Nev 

Holland2 tub grinder through a .64 ca screen. The corD 

silage was aediu• chopped averaging 1.27 ca theoretical 

length of cut (~LC). The chopped or ground hay was eveDlJ 

distributed on top of the corn green chop prior to ensiling 

•eeckaau Instruaents, Inc., Fullerton, California. 

2sperry Nev Holland Corp., New Holland, Connecticut. 



in 3.1 m x 9.1 m concrete uprignt ~~io~. All rat~c~~ wee~ 

formt:l..:..::..tali to haY-·= ·;.. 6~:3t> forayE::concentr~te ratio on .... a.ry 

~att~r bas~s. Th~ concentra~e ~ix, ground n~gn IBG~stur~ 

corn, and auued hay (rat~on~ CA and GA) were mixe~ w~~n th~ 

apprcpri~t~ silaye prior to each !~Euin~. Cows w0re tea 

twice at 0700 and 1350 hr. Orts Wtre co~~ecteu auu w~ksh~u 

~ailj ~t U900. All r~tions ~er~ offered ~ccording to ¥CM 

production and bouy weignt aud adJust~u to hava 10~ ort~ 

daily. Ft~d samples were coilecteu oiweekly for ~n~ltsis3 

of nutrient cowposition. Body weights were rccorutU 

oiw~eKly ana ctr7 aatter intaKe (DrtI) was expressed as Kg/Kg 

body \feight ;; 5 • 

1il1£ Analvsis 

Mil~ saffiples were analyzed for~ tot~l solids, f~t an~ 

protein content. A 2 wl aliquot of mi~~ of ~aown w~ignt wds 

dried for 3 hr in a 1000c forceu-air oven. Dried ~dmpl~~ 

fluid mi..L.~ w~ight to deter3int perc~nt total solius. ~at 

content ~as ootai~ed oy a iiqhL diI±usion ~echnique usiny d 

Milx. Tester automatic.• Protein analysis wa~ aeterfil.l.ll.eu oy 

an amido blac.lc dye binding technique using a los6 Pro-Milx. 

3Virginia Polytechnic Institute anu Stdte Univer3ity ?o~age 
Tes~i~g Lanor3tory, El~cAsburg, Virgini~. 

•Poss Electr~c, iiillerod Den~arK. 
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Semiautomatic Tester.5 

Deteraination .Q! Flasma Glucose 

Plasaa saaples were deproteinized prior to a~alysis 

using a modification of the So•ogyi-Nelson !ethod (Reinhold, 

1953). A one al aliquot of plasaa vas coabined with tvo al 

of 5% zinc sulfate, tvo al of 0.3 N bariua hydroxide and 

five al of distilled water. the sample vas then centrifuged 

at 4,640 x g for 15 ain. Deproteinized plasaa sa•ples vere 

assayed in duplicate for glucose using a glucose ozidase 

procedure.• Color intensity vas deterained using a Beckaan 

Model 35 Spectrophotoaeter. Concentration of plasaa glucose 

was recorded in ag/dl. 

Deteraination of Plasaa Jl.!£g 

Plasaa urea nitrogen vas determined according to the 

aethod of Couloabe and Favreau(1963). A 1.0 al aliquot of 

plasma vas added to a 9.0 al tungstic acid reagent for 

deproteinization. FiYe al of diacetyl monoxiae and thiosem-

icarbazide (Dlft-TSC) was added to 2 al of the plasaa/acid 

filtrate to fora a red colored coaplex with urea. Concen-

tration vas deterained by color intensity using a Beck•an 

sross Electric. Billerod, Denaark. 

•sigma Chemical Coapany. Saint Louis, Missouri. 
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Model 35 Spectrophotoaeter and exFressed in ag/dl. 

Deterainatiog of Rumen :l!.! 

Fifty ml of ruaen fluid was collected under wacuua 

using a stoaach tube fitted with a 2 •• stainless steel fil-

ter. A 5 al aliquot vas pipetted into 1 al of 251 aetaphos-

phoric acid and stored at -15°c until analyzed. Volatile 

fatty acids(VFl) vere analyzed by gas chroaatography (Otten-

stein and Bartley, 1971) using isocaproic acid as the inter-

nal standard for quantification. 

Batioa Diqestitility Analysis 

At the teraination of the experiment, ruaen fluid was 

collected fro• a fistulated cow fed a CA ration and .1!! vitro 

dry matter digestibility was determined by 7illey and Terry 

(1963) technique. 

Statistical jnalysis 

Statistical Analysis Systea7 was used to analyze the 

data. Analysis of treatments vas deterained ty general lin-

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 yersus added), fora (chopped versus ground) 

and all hay treataents versus the control were coapared 

using orthogonal contrasts and estiaates. Tukey•s all-pairs 

comparison of the fiwe rations were tested bJ Bonferroni P 

test. The aodel and experimental design used in this EXFe-

riment are further described in Table III. 
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Table III. Statistical design, models, and e~ected mean squares for 
ensiled hay study. 

A. Statistical arrangecent and cow assig:unent. 

CA GA CE 

Period I 

Period II 

Period III 

Period IV 

Period V 

Date started: 

Group I 

Jan. 13 

Group II 

Jan. 27 

Group III 

Feb. 10 

B. 

Cow no.: H-1071 
H-1083 
H-1086 
H-1227 
H-1235 

SH-1301 
CH-1313 
H-1331 
H-1335 
H-1341 

H-1068 
H-1148 
H-1159 
H-1210 
H-1246 

H-1167 
H-1232 
H-1249 
H-1254 
H-1233 

Xodel 

where 

and expected mean squares 
+ R.i + G j + C (j) k + p U) k 

R. • ration treat::nents 

for analysis of rations. 

+ 0m + E(ijklm)n 
i • 1 through 5 
j • 1 through 4 
k • 1 through 5 
m • 1, 2 

G • groups 
C • cows 
P • periods 
E • residual component 

Source 

Groups 

Cows (Groups) 

Periods (Groups) 

Treat:tents 

Days 

Residual 

Expected :-!ean Sauare 

a2 • + k a2 
2 C + k 1 i:GJ/3 

aZ • + k aZ 2 C 

aZ 
e + k 3 i:;:Pjk/16 

J2 • + k:.i:Tif 4 

aZ 
e + k i:oz s JI 

aZ 
e 

GE 

Group IV 

Feb. 17 

H-1133 
H-1252 
H-1104 
H-1244 
H-1208 



BESULTS AND DISCUSSION 

Bation jnalysis 

Rations were foraulated to be isonitrogeaous. vith 

hay-containing rations to baye equal energy densities. Mean 

nutrient coapositions of the silages and coaplete rations 

are reported in !able IV. crude protein aYeraged 13.961 and 

net energy of lactation ayeraged 1.67 !cal/kg. There were 

no differences (P < .OS) between ration •eans for the five 

treatments although, bay-containing rations ayeraged 221 ADP 

while the control ration averaged 201 ADP. 

~ Composition 

When coaparing all five ration treataeots (Tukey•s 

test). a.ilk fat percentage was significantly higher (P < 

.05) for the chopped hay rations (added or ensiled) and the 

ground ensiled ration than with the control (table V). Hol-

ter et al. (1973) obser•ed siailar re~ponses vhen feeding ad 

libitua corn silage and concentrate vith tvo different leY-

els(.5 and 1.0kg/100kg body weight daily) of supplemented 

hay. They reported significantly higher ailk fat (3.581 and 

3.10,) from hay-containing rations than when corn silage vas 

27 
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Table IV. Mean nutrient composition of silages and complete rations. l 

DM CP ADF TDN NE1 IVDMD 

- ,. Meal/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 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 1 3.07a 22.0 3.44 8.61 22.0 11. 74 

CA 24.6 3.3lbc 21.9 3.38 8.56 21. 7 11.9b 

GA 25.0 3.18ab 21.8 3. 39 8.75 22.1 11.9b 

CE 24.1 3.38c 21.8 3.41 8.64. 21. 7 12.ob 

GE 24.8 3.28bc 22.0 3.39 8.61 22.0 11.9b 

pooled SE .8 .05 . 3 .02 .04 . 3 .04 

Contrasts2 

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 

1Ration 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 (3.331). ~hey offered, however, q and 

10 tiaes the aaouut ve offered in this ezperiaent. Other 

workers (Vaugh et al •• 1955; Chalupa et al., 1969) hawe also 

reported iaproveaent in ailk fat content by suppleaenting 

hay at various rates. 

Orthogonal contrasts and estimates are shown in 7able 

v. The control was .21 percentage units lover (P < .01) 

than rations containing hay. Contrary to wort done by Lof-

gren and Varner (1970), the correlation between ADP intake 

and ailk fat percentage was not significant. Whether added 

or ensiled, ailk fat levels were .12 units higher (P < .02) 

for rations containing chopped hay versus gxound bay. 7his 

is in agreeaent with nuaerous workers (Bodrigue and Allen, 

1960; O'Dell et al., 1968; ChaluFa et al., 1969; Biller et 

al., 1969; !ordock and Dodgson, 1979) whose work associate 

roughage particle leagth and ailk fat percentage. The 

ground hay used ia our experiaent was less than .64 ca that 

Harris (1975) suggests as a ainiaum length for effective 

fiber. 

The significant fat response we observed with the 

ground ensiled ration could reflect a higher quality silage 

obtained by adding ground hay. Dry aatter recovery (DMB) 

for the ground ensiled forage was 921 while the chopped 

ensiled vas 871. A higher DMB would indicate a greater 
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resistance to nutrient losses during the ensiling period. 

Ground hay •aJ hawe substantially reduced seepage losses by 

absorbing highly digestible organic acids, soluble carbohyd-

rates, ainerals, and soluble nitrogenous coapounds associ-

ated with the effluent (ftcDonald, 1981). Biller •nd Clifton 

(1965) reported drJ aatter losses in the effluent ranging 

from Oto 121 vith crops Yarying in dry aatter content. 

Furtheraore, the saaller particle size of the ground hay 

might haYe allowed for tighter packing, which would reduce 

losses fro• excessiYe aerobic feraentation. As a result, 

acetate production •aJ have been higher in the ground 

ensiled roughage and thereby readi.ly absorbed in the ruaen 

epitheliu•. •cid concentration of the silages was not aoni-

tored in this experiaent. 

OrskoY (1975) describes the aanipulation of rumen fer-

mentation products as necessary for influencing the aaxiaua 

partitioning of energy into milk synthesis. Addition of hay 

to the ration tended to increase the nonglucogenic ratio 

(MGR) of Yolatile fatty acids in a direction faYorable to 

increased energy output as ailk fat. correlation coeffi-

cients for BGB and APB vitb percent ailk fat (I !l) vere low 

but significant [ (1GB and I ftf; r = .21 (P < .02); APB and I 

ftF, r = .16 (P < .08) ]. 7he purpose of this experiaent vas 

to adainister haJ at a level (1.4kg/day) that would exea-
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plify a typical Yirginia dairyman's feeding program. One 

point which needs to be stressed is that the aaxiaua amount 

of hay fed in our experiment vas 10 to 60 percent of the 

amount fed by other workers (Holter et al., 1973; Chalupa et 

al., 1969) reported in the re•iew. the small but signifi-

cant responses ve observed appears appropriate to the level 

of hay fed and design of the ezperiaent. 

By orthogonal contrast (!able VII), the 1GB of tbe con-

trol ration vas .35 units lover (P < .03) than the ratio for 

hay-containing rations. ie did not observe any apparent 

differences in weight gains with the control ration which 

had the lowest ~a. !his aay reflect the length of tbe 

feeding period, however, the two added hay rations produced 

higher body weight gains than the two ensiled hay rations 

(Table VI). The drier consistency of the added hay rations 

•ay have stiaulated tbe cows to consume more ~ater. 

Another possible account for the fat response with the 

ground ensi1ed ration may be due to the ezperimeatal design. 

Even though the statistical model accounts for a period 

effect, the ground ensiled ration aay not have supported as 

high a fat le•el if the ration had been fed for a longer 

duration. When feeding finely chopped corn silage (TLC< 1 

ca) for three weeks, Biller et al. (1969) observed only 11 

decline in fat content from the initial level. Proa the 5th 

to the 10th week, however, they reported a 131 depression. 
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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 .170c 4.1 3.47c 

CA 588 .161ab 4.2 3.29ba 

GA 590 .163abc 4.1 3.26ba 

CE 580 .158a 4.3 3.24a 

GE 583 .166bc 4.2 3.40bc 

pooled SE 5 .003 .1 .01 

Contrasts 2 

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 .oo 

1Ration means with different superscripts (a,b,c) are significantly 
different (p < .05). 

2corresponding numbers represent estimated differences,* denotes 
significance (p < .05). 



In our latin square rotation (table III). the ground ensiled 

treataent followed the chopped ensi1ed treataent in all 

periods except one. Higher fat levels produced by the 

ground ensiled ration could be due to a carry over fro• the 

elevated response froa the chopped ensiled treataent. A 

similar depression was also observed when the ground added 

treatment followed the chopped added treataent. 

Percent Total Solid§~ Solids J.2! la! 

Percent total solids were significantly higher (P < 

.01) in all rations containing haJ when coapared to the con-

trol (Table Y). Esti•ates indicate that the control vas .21 

percentage units lover than the experiaental rations. this 

predoainatelJ reflects the higher fat content of ailk prod-

uced vhen hay-containing rations vere fed. there vere no 

differences in solids corrected ailk (SC!) or ailk protein 

content. Bolter et al. (1973) reported higher SC! and per-

cent ailk protein when high quality hay vas suppleaented for 

corn silage at 1 kg/100 kg body weight. 7heir response •ay 

be influenced bJ the higher feeding level and quality of hay 

than fed in the present study. SeYeral workers have cited 

an increase in •ilk production and ailk protein content when 

casein and aaino acids have been post ruainally infused 

(Broderick et al •• 1970; Clark et al •• 1973). therefore. 
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feeding  lov  soluble  protein  (added  hay  rations) aay have  an 

advantageous  response over high  soluble protein (ensiled  hay 

rations).  Grieve  et  al.  (1980), however, observed no 

iaproveaent in •ilk protein  content when feeding  either  dry 

(lov  soluble  nitrogen)  or  ensiled  (high  soluble  nitrogen) 

hay  as  the aajor roughage  source.  Prange  et  al.  (1980) 

reported  that nonaaaonia nitrogen  flov  to  the duodenua vas 

similar for  both  ensiled  and  baled  alfalfa  rations. 

Percent  solids  not  fat (SHF) for the ground  added 

ration was .12  higher  (P < .OJ) than  the  ground  ensiled 

diet.  Chalupa  et al. (1969)  reported  higher SIP in  ground 

and  pelleted  rations when coapared to  coarser  forages. 

Grieve  et  al.  (1980)  also  cited  a  higher  lactose  fraction 

produced  fro•  a  dried  versus  ensiled  roughage. 

~ Production .!.!!J ~~  ftatter Intake 

There were no differences  in ailk production  or PCM 

among treataents (Table  V).  Other  researchers  (Chalupa  et 

al., 1969; Holter  et al., 1973; and Murdock and Hodgson, 

1977) have reported siailar responses vben hay vas  substi-

tuted  for  pellets  or corn silage  in  fat  depressing  diets. 

Increases  in  feed  intake  are  generally  associated with 

rations  containing  higher levels of  ration  digestibility 

(McCullough, 1973). Bighest DMI (Table  VI) vas observed 
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with the control ration, which also had the highest!!! Yitro 

dry matter digestibility (Table IV). cows receiYing rations 

containing chopped hay were significantly lower in D!I than 

the control. Estiaate of intake as a percent of the tody 

weight vas .02 units higher (F < .02) for the control ration 

than hay-containing rations. 7his aay be ezpected as the 

added density and ADP from the hay would tend to depress 

intake (Caapling and Preer, 1966; Bohveder et al., 1978). 

Contrary to oar findings other workers (Vaugh et al., 

1955; Bolter et al., 1973) haYe cited increased DBI vben hay 

vas supplemented vith corn silage based rations. Buainal 

turnover or dilation rate is important in controlling feed 

intake. Fluid dilution rate defends upon salivary flow and 

is highly correlated vith chewing indexes (Harrison et al. 

1975; Sudveets et al. 1975). Harrison et al. (1975) 

increased ruaen dilation rates when artificial saliva was 

infused into sheep ruaen. 7hey observed however, that dilu-

tion rates vere only increased vith those aniaals that orig-

inally had low ruaen turnover rates vith the control ration. 

Increased intake response vith suppleaented hay aaJ reflect 

the inability of a particular length of corn silage to ini-

tially proYide adequate ruaen stimulation and saliva prod-

uction. ie did not observe an increase in intake when hay 

vas supplemented probably because adequate ruaen stiaulation 

was provided bJ the control silage (TLC, 1.27 ca). 
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Digesta does not leave the rumen until it is troken 

down into finer particles. therefore, faster ruainal turno-

ver aust be accoapanied by a greater rate of forage 

digestion (ffertens, 1977). Beducing particle size by grind-

ing increases the surface area available for aicrobial atta-

chment. llvash and Thoaas (1971) however, have shown that 

ground or pelleted feeds have shorter rumen retention tiaes. 

This phenoaenon enables higher intakes but depresses overall 

fiber digestion. The coapromise in digestibility for intake 

aay not be beneficial unless increased efficiency in digest-

ing structural carbohydrates is improved. Grindiag and 

ensiling aay have iaproved fiber digestibility and feed 

efficiency as evident in the slightly higher PC! produced. 

ftertens (1977) defines lag tiae as that period prior to 

fiber digestion vhen chemical or physical alteration of the 

plant structure aust occur before bacterial attachaent and 

enzymatic action can take place. Possible explanations for 

a lag period phenoaenon include reaoving substances that 

inhibit fiber digestion, or prior hydration of fiber to 

allow enzyae penetration (ftertens, 1977). Bven though rate 

of passage is increased by grinding the hay, a redaction in 

lag tiae due to ensiling aay have facilitated utilization of 

the fiber source for acetate production. By taking an ear-

lier postprandial ruaen sample, ve aay have observed a 

higher acetate level vith the GE ration. 
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suostitutiou or hay  for corn ~ilage aay have al~o 

increa~ea ne~ uti~~zation of en~rs1 for mil~ prouu~tiou. 

Rations containing hay av~rag~d. 1.6b Heal/kg NE1 wh.l.l1t: tne 

con~rol ration ~v~ragcu 1.69 dcal/~g N£1• Tyrrell ~nu ~oe 

(1972) feu t~o difter&at forag~:concentrate di~ts dV~~aging 

1.bb rtcal/Xg and 1.70 ~cal/kg to cows proauciag ~im~iar Ltv-

els of mi~~ dS those used in our study. Tney repor~~u til~ 

~ffici~ncy of ~ilk synthesis trom m~taool~zaole e~~rgy troA 

the lower concentr~te aiet (1.6o acz.1/~g) comp~reu to ~~ 

for tne nign~r concentrat~ ration (1.70 ~cal/kg). The Low 

efficiency wa~ a~~oci~ted vith depress~a fat conctntr~tion 

in the miLc. 

Rumen fermentation 

Tot~l VFA uiu not var1 ~ignificant~y among tae r~tion 

tr~at~ents (Table VII). Nor~al ranges arb fro~ bu-120 µm/w~ 

(Ba~c~ dnd Rowia~~. 1957; Mc~ly~ont, 1951) and 0ur treat-

ments av~ra9~u ~2.8 µm/ml. Th~~ v~lue is lower ~h~L one 

might exp~ct wh~u f~~ain~ com~~e~e rations coataiuiag nign 

quality corn .silci.ye. Balca cna itowland ( 19!l7) o.:.,se.cv~ll ~ 

58-:-dE-crease .:i..n total. V?A concentra·c..ions o ;1r after t~tClJ.Il<J. 

Therfore, di~crepancy in th~ totdl ~mount mdy oe uu~ to time 

of ~ampling. InjEction technique ~na mct~oa ot scm~i.lll~ ~ ~ 

also pos~ibl~ sources vf ~rror. 
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Table VII. Mean rumen volatile fatty acids and contrasts for ration 
treatments . 

Ration Total VFA Acetate Propionate Butyrate APR NGR 

11m/ml ------ - molar 1. -------

N 45.2 1 54.9 33.8 9.5a 1.7 2.3 

CA 43.9 57.0 30.8 10.7b 2.0 2.7 

GA 43.4 55.6 32.5 10.3b 1.8 2.4 

CE 37.0 56.1 31.4 10.8b 1.9 2.5 

GE 44.8 55.3 31.4 11.5b 1. 9 2.6 

pooled SE 4.1 1.1 1.22 .5 .1 .1 

Contrasts2 

CA vs CE 5.54 0.61 -.18 -.22 .02 .09 

GA vs GE -2.13 -0.11 1.43 -1. 21 -.14 -.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 (tSE) with different superscripts (a,b,c) are significantly 
different (p < .05). 

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



~~ Froduction 

Molar percent acetate was not significantly different 

between treataents and averaged 56 percent for all rations. 

Blaxter (1962) maintains that acetate proportion should be 

at least 60 percent to prevent ailk fat deFression. Several 

workers have iaplicated that an acetate deficiency rarely 

occurs. Jorgensen et al. (1965) found no iaproveaent in 

ailk fat levels when cows fed high grain rations were sup-

pleaented with 1 or 2 lbs of sodiua acetate. !he additiYe 

elevated blood acetate 4 to 5 tiaes and raised API levels to 

3:1 without iaproving ailk fat Froduction. Davis (1967) 

shoved that actual acetate production and turnover rates 

were similar for both high and low forage:concentrate diets. 

Even though acetate production is coaparable for high and 

low grain rations.~~ ailk fat synthesis is liaited due 

to an increase in acetate uptake by adipose tissue for body 

fat synthesis (Davis. 1967; Bauaan, 1976). When covs are 

changed froa a ailk fat depressing diet to a ration high in 

roughage. the APB returns to noraal 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 aaple SOFPlJ of precursors 

for ailk fat aay be contributing to deFressed fat synthesis. 

Excess propionate production could be liaiting fat synthesis 
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by altering enzyaes and shifting aetabolisa in favor of 

weight gain in place of milk fat synthesis. 

Yolati1e fatty acids are synthesized at a faster rate 

in silage diets than dry hay diets (Sudweeks. 1977). the 

extra tiae needed for the ruaen aicrobes to penetrate the 

dried hay aay result in a delayed acetate release. there-

fore. a higher postprandial acetate production aaJ have 

occurred with the rations containing ensiled haJ at aD ear-

lier observation. 

Effective fiber is necessary to reaove degenerate tis-

sue and enhance aetabolic activity in the ruaen aucosa (iei-

gand et al •• 1975). Bocek et al. (1980) shoved that ration 

physical fora also appears to influence roaen aorphology and 

epithelial transport of YFA. they observed higher rates of 

acetate transport in calves fed rations containing chopped 

or ground bay when coapared to feeding concentrates defi-

cient in effective fiber. Additional fiber supplied by the 

hay-containing rations aay have enhanced YFA transport 

across the ruaen. resulting in lover ruaen acetate levels 

observed. Deteraination of plasma acetate levels aay have 

clarified this assuaption. 
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Propionate Production 

there were no statistical differences for aolar percent 

propionate between the treataents(!able VII). Bovewer, an 

81 reduction fEoa the control level was observed in the 

rations which respoaded significantly higher in fat levels 

and may have contributed to this response. BJ orthogonal 

contrast aolar percent propionate was 2.9 percentage units 

lower(P<.04) for the rations containing hay when coapared to 

the control. luaerous workers (Storry and Sutton, 1969; 

Palaguest and Conrad, 1971) have reported elevated ruaen 

propionate leYels associated with milk fat depression when 

feeding BCBR diets. Propionate is the predoainate glyco-

genic precursor fro• ruaen VPl, and it has been estiaated 

that 161 to 601 of absorbed propionate is conwerted to glu-

cose (Bergaan et al., 1966; Judson et al., 1968; Leng, et 

al., 1967). BcClyaont and Vallance (1962) suggested that 

accelerated rates of gluconeogenesis from high concentrate 

diets cause increased rates of insulin secretion, depressing 

the rate of release of free fatty acids (fPl) deposited in 

the adipose tissue. Yan Soest (1963) proposed that propion-

ate acts as an antiketogenic agent in supFressing the aobi-

lization of fat stores and reducing the plasaa lipid concen-

tration necessary for normal milk fat synthesis. Long chain 

fatty acids supply approximately soi of tbe fatty acids 



.found in reilK (Em~ry, 1973)  • I.n.su.iin act.:.:. a~ a.n e1.11:.il.L.po-

lyt.ic ilOr~one in ~iu and l~te l~ctat.ion cows, pr~sumaDLJ ~y 

indii:t::ctly activat.in<j lipoprott:.L.ll l:1.pase JJJ lower.1.r1y <.;;At1P 

levels (J~nny et. ~1., 1974; Yang ~nd Ba.lawin, 197J). 

Al'\:o.ouyn. not .l::>iyn.1.f..1.ca.nt., t.u.e rea.uct.1.ou .:.i.n t;,1ror.1.vnc..te 

~evels s~~ms to have influtnced milK fat al~~v~at~on. The 

effec't. !llay be more  apparent Ly uosecring the i\PR a.IHl t-.<ih 

tre~ds. by ~~~minin~ tne f~t.ty ~ciu cont~nt oi illi~~, w~ Wuj 

have obtained ~ore ~viuenc~ to support th~~ .1.nterpLetat1.on 

of our fat respoLse. Wheu feedifig ull ~oncentrate vtr~u~ 

c1..i.i nca.y rations, Opst.veat. ana RonnL1y (1~o7) repor-c1:?u. s.1.y-

11if.1.cant incrc:a.::.e.:> in the amount  of un..ic:.:t.ur~t1::d to .6d.t.Urat.ea 

fat,:.y acids ~nu a p:onouncell rE::a.uct.1.on 1.,f long CJl,;..l.Il ±att.1 

acids in the milK. Plas~a insu.iin lev~ls were not ~xa~in~u 

in t.hi-5 ~tudy. 

Butyrate Proauct.iofi 

butyr~te w~s hiyn~r (P<.U5) ~n a~i r~~~ons cuu~~i~iny 

Jiay and i:iay refltc:ct an interconvers.:..on of acetate 1:.0 .uut.y-

rate in the rumen (Sacha.n ana Da.vis, 19&7). 3y orthcgona.J. 

contr~st witn t.ne controi, m~lar ~~ c~ ~ outyr:~t ~~ 1.o 

units nigher (P<.01) for ~~ rations containing naJ (Taol~ 

VII).  Van Soe$t (1~6J) ~ro~cs~~ one re~~on ior aef~e~~~a 

mil~ fat. coulu result ~rom ~ ae!icie~cy o! e-nydrox1but.1r~t.e 



lBHEA). Otb~~ ~o ~~ ~ (Hilier ~t. ~~., l~b~; Jorg~nsen ~uu 

Scnultz, 1963; op~tvtdt and Ronning, 1967) have re~urttu 

simile.I increases in ~olar percent ~utyra~e levels ~ssoci-

ated with ~i~nif~can~ fat responses. Butyric aciu i.s con-

vertau to BHbA, a Xeton~ body, in the rum~n epithe~ium anu 

liv~r. Thd utiiization ot ~etou~ bv~ies ~i tae ~~~~  

gland na.l:> .l.>et::n closel} cor.ce.1.ated with t.ne .sec::cet..i.or. ot lll.l.l.~ 

fat. The ex~ent to which a nut1rate uefici~ncy from acR~ 

aiets lim~ts wilK fat synt..h.esis has .1.>~en que~tior.~u. 

Palmqui~t ~t al. (1969) saowed that ~he spec~fic ~ctiv-

ity 01: c4-c14 fattJ .icius in mil.K. t:tma.int;l.l constc.nt. with 

injections ot BHBA. Prem tnes~ results, ~h~y concluuea tnat 

BHBA contribute~ cnlt tlj of the tot4l f~t~J aciu Cilroons ana 

postuiatea th~t a deticienc1 or BHBa is not a caus~t.iv~ fQc-

tor for d~pr~sseu production of ~ilK fat in HCRh uitts. 

Luick and Kaweok~ (1~67), however, ine1~cat~a a pa~t..1.dl 

breaJtdown of BHBA in the ma:amarJ ylane1 to acel:Jl u11it.s, 

which would ~Jd to tne acetate ~upply incorporate~ ~nto ~~~ 

tatty c.cilis. 

Int.cractiou of propiona~e on  conversion  of butyrat~ to 

BHBA ofiers ~notner p~ssi.ole expLandtion ~n de~erm~niny uow 

elevat~d butyrate lev~ls may hav~ contributed ~o .... 111il.1t :tat 

response. High prop.1.ona.te ~evt::ls inhi.o:i.t fe,rmcitivu of bri.bA 

from butyrat~ in the liver (S~to at al, 1~5~). Tn1~ woulu 
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~uggest 't.!1al. l.owe:r prop.io,iat~ prod uc't.io,1 rrom cho f p€.d. 

rations or grouna ensiieu r~tion n~u le~s of ~n ~nt.1.A~'t.0-

y~nic ~ft~~t. BJ m~~surl..llg blooa ~eton~ ..1.ev~l.s ~~ ~dY hav~ 

oeen aole to clarify this assum~t~on. 

Plas:1ia !!!.fil! NitrocrHn 

Me~n olood urea nitrogen (BUH) level£ ~veraqea 8.7u z 

.43 ~g/ul anu are  within  the nor~al range for cows as 

reported by Scnalrn et al. (1~75). o'f ort..11cgonc1.l cor..tra.;t. 

th~ cuopped h.c..j a due~ diet W'c.S .1~ ir,g/ul .niyner u1:::. L wt.en. 

chopped ua::x was e..is1...1.~ wit.a corn ::iilage (Tao.Le VIl.1)  •  T te 

majority ot BUN is eitner excreted in the Kl.d~eys er recy-

cled to the ru~en vid the blood str~am or saliva ioc furtntr 

microoial protein as~.l.Jllulation. Since en~rqy and ~rotcin 

intc..1le level~ ver0 sii.ailar for ration tredtm.ants, .1.t :.;pt'ears 

the nigher BUN levtl ob~erved 6 nr postprandial toe tne 

choppea a<ideu aiet indicate::i a .;lover roel1::ase of cillllilOD...L.a-11.;;..-

tro~en trom the l~5s solub~e ~~ ~  torage (Tag~ri et~~., 

196ij). This agrees with WO£K r~poLt~d ny ~oce~ ~~ '11. 

(1979) showing higher i soluoil~ty ana lower r~siau~l ~ with 

f~rme11tt::a forLges, i.e., corn sLc.ge comp~r'=d to cuup1,1::u 

orcnard gras~. High BUN levels nave been positive~y corrt-

lated with rumen-ftn3 concentration dna negativ~~y correiat.~a 

with N-r~t.ention tTa9ari ~t al., 1~b4). :.i:.ui.s 1:rer,u is llO\: 
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Table VIII. Mean plasma glucose and urea nitrogen levels for ration 
treatments. 

Ration 

N 

CA 

GA 

CE 

GE 

pooled SE 

Contrasts 1 

CA vs CE 

GA vs GE 

N vs others 

GA and GE vs 
CA and CE 

Glucose 
mg/dl 

53.4 

52.0 

54.2 

53.0 

53.2 

1.1 

-.9 

.3 

.5 

2.1 

Urea nitrogen 
mg/dl 

8.36 

9.30 

8.30 

8.18 

9.30 

.45 

.14* 

-.10 

-.05 

.05 

1Corresponding numbers represent estimated differences,* denotes 
significance (p < .04). 
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apparent vith the results of our study. Nitrogen incorpora-

tion into milk protein (CA=.83 kgN, CE=.82kgN) vas siailar 

for both rations. l nitrogen balance study and several 

postprandial rumen fluid collections may have further clari-

fied N utilization a•ong the treataents. 

Plas•a Glucose Levels 

There vere no differences observed in levels of plasma 

glucose for the ration treatsents. Although not signifi-

cant, a tendency for higher milk production vas observed 

with the higher plasaa glucose (Table VIII) and ruaen pro-

pionate levels. the liver and, to a lesser extent, the kid-

neys are responsible for supplying the majority of glucose 

for the ruainant. Acetate and tutyrate do not contritute to 

a net synthesis of glucose (Bergman, 1973), however, they 

may spare glucose by Froviding 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 propionate available 

for gluconeogenesis varies with the tyfe and texture of the 

diet as well as the level of intake (Bensadoun et al. 1963). 

Linzell (1960) has shown that aaaaary uptake of glucose 

increased ten-fold during lactation in goats. Bickerstaff 

et al. (1974) estiaated that 60l of the glucose uptake in 
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cows was incorporated into lactose synthesis. Lactose is 

considered to be the aajor os1ole of ailk (Linzell and 

Peaker, 1971), and therefore influences •ilk prodGction by 

drawing water into the alveclar lumens. 



SUtt~ARY AND CONCLUSIO~S 

Tne purt'ose of this experi~ent was to a~tcrmiue if 

choppea or ground hay (eith~r add~d to or ensilea w~th coru 

sil~~e) woulu eiicit c mii.~ rat response wh~n fea in~ T~h 

at a ~evel that would typify num~rous f~euing progr~ms 

throughout Virgin~a. T.en~y-five mature cows in m~a-lacta-

tion were r~nuoml1 ~ssigneu in~ S x 5 ~a~in square ro~~tioa 

to five sil.a~es: control, cnopt'~u aaued, ground au~~d, 

chopped ensi.1.c<l Qnu ground en.sil~d. Chopped or growi~ h~Y 

was aauea to corn green chop at 12.~~ (to~al roray~ ~rJ wat-

ter) uefor~ ~nsiling or ad~ea dt the same r~te w.1.tn the con-

trol sila.ge prior to feed.ing-. S.1.la~es wer:e supplement~a. tu 

contain 14j CP ana 1.67 meal/kg NE1 on a dry matt~~ oasi~ 

an.d feu as a T!1R. .Each cow rece.1.v~d the a.::»..:iigned ration tor 

taree vee~s. 

Tn.e resuits .u1cu.cate iucr~asea. milk fat production wht:.n 

chopped hay (added or ~nsiiect) or ground nay (en.\i.i..i~a) . ·-... .> 

incluaed in corn si~age baseu rations to mia l~ct~Lion cows. 

Percent m.ilk fat vas signif~cant~y higher in CA, c~, anu b~ 

rations (3.31, 3.38 and 3.28~, cesp~ctive~y) wh~n comp~reu 

to N (3 .071) • TAe ?4GR for "t.lle control ration was - • .;)::> i.ower 

49 
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There vere no differences in milk production, FCft, SCft, 

SNF, percent ailk protein, plasma glucose or BUN levels for 

the ration treataents. However, dry matter intake was sig-

nificantly lover than the control vhen chopped hay (added or 

ensiled) Mas included in complete rations with corn silage. 

With no difference in PCM produced within ration treatments, 

an equal level of performance from the chopped hay rations 

could be expected, vith considerable savings in feed intake 

and cost. Fourteen cents/cow/day could be saved when corn 

silage ($20/T), 391 protein supplement ($245/T), high aois-

ture corn ($110/T) and orchard grass hay ($58/T) are fed in 

siailar proportions as outlined in this exferiaent. Parti-

cularily vhen feeding HCRB diets to cows in early lactation, 

the added hay in a coaplete feed program would assure the 

intake of an effective fiber source to proaote ruaination 

and DMI. When feeding a high energy corn silage, this saae 

program would adjust the ADF level to inhibit the feed 

intake of late lactation covs and prevent excess weight 

gains. By adding hay in a ~MB, feed preference would be 

eliainated along with a substantial reduction in bay was-

tage. 
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MILK FAT RES20HSE TO CHOPPED AND GROUND HAY 

RHEN ADDED TO OB ENSILED iITH COBN SILAGE 

AID PED II COftPLl!E BATIOBS TO DlIBY CORS 

tJ 

Charles&. Talbott 

tlBS!BAC7) 

twenty-fiwe aultiparous covs in their second tri•ester 

of lactation were randoalJ assigned in a 5 x Slatin square 

rotation to five silages: control (N). chopped added (CA), 

ground added (GA). chopped ensiled (CE), and ground ensiled 

(GE). Chopped (2-6 ca) or ground (< .5 ca) hay vas added to 

corn green chop at 12.51 of the total forage drJ aatter 

before ensiling (CE and GB). Chopped or ground hay was also 

added to the control silage at the saae rate prior to feed-

ing (Cl and Gl). Silages were suppleaented to contain 141 

crude protein and 1.67 !cal/kg on a dry aatter basis and fed 

as a total mixed ration. Ba1-containing rations averaged 

221 ADP. compared to 201 lDF in the control catiop. Bach 

cow received the assigaed ration for three weeks and •ilk 

saaples vere collected on days 19 and 20 of each feeding 

period. Means t s.B. for I, Cl, Gl, CB and GE were: per-

cent •ilk fat J.07 ± .oa. 3.31 ± .09. 3.31 ± .oa. 3.28 ± 

.oa: percent total solids 11.7 t .11. 11.8 t .12. 11.9 t 

.12. 12.02 ± .13, 11.94 ± .12i and dry aatter intake per kg 



metabolic body weight .170 ± .003, .161 t .003, .163 f .004, 

.158 t .004, .166 t .004, respectiYely. Percent ailk fat 

was significantly higher in rations CB, Cl, and GB vhen coa-

pared to B. Bilk production and percent ailk protein did 

not differ. The results indicate increased ailk fat prod-

uction vhen chopped hay (added or ensiled) or ground hay 

(ensiled) is included in corn silage based rations for dairy 

cattle. ihether chopped or ground, hay added at time of 

ensiling tended to stiaulate ailk fat production aore than 

hay added just prior to feeding. The beneficial effect of 

increased hay fiber length on milk fat production vas eYi-

dent whether hay vas ensiled with or added to corn silage. 
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