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CHAPTER I

IMTRODUGTIOH

The euccessful raising of young dairy calTos for use as herd

replaceaents constitutes a rery liqportant role In dairy aanageawnt*

Dairy oalTse, espeeially the smaller breeds« are generally considered

difficult to raise. The present day systems of marketing and the

value of fresh whole and sklja sdlk makes their use as calf feed almost

prohibitire. From the standpoint of nutrition, a certain amount of

or solids must be fed for normal calf growth. Conversely,

only a limited amount of fresh whole milk can bo fed if economical

calf-ralslng methods are employed. The difficulty and cost of rear

ing young dairy calves has proi^ted many dairymen to prefer to pur

chase herd replacements. These problems have led to many Investiga

tions of more efficient and economical methods of raising young dairy

calves.

For many years workers have been seeking to develop milk

replacers that are efficient, economical, and practical for farm use.

Many have been failures because the young calf does not have the

ability to utilise fibrous or starchy ingredients found in many of

the vegetable milk replacers. Other workers have been conducting

experimental studies on hand feeding methods, limited milk feeding,

methods of housing, and various other aspects of more efficient calf-

raising methods. The inq>ortance of feeding mixxinum amounts of market

able whole milk and getting the calf to eat larger amounts of hay and
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grain at an early age has been ea^haaised in recent iznrestigatione*

This study, consisting of three different experiinents, was

conducted to deteraiino the effects of feeding various amounts of

solids in reconstituted skim milk upon the growth, efficiency, and

well being of the calf* By increasing the milk solids in lowfat

milk replaeers, it is possible to enrich them. Thus, it is isportant

to know what effect milks of different solids content have on the

calf* Experiment II was conducted to study the cosparative effect

of feeding calves the sane amount of milk solids but in varying

volumes of reconstituted milk* This experiment was needed to show

wbsther volume of milk alone, with the same solids, would influence

the appetite for hay and grain, growth, gastrointestinal disorders,

and well being of the calf in a significant manner. Experiment III

was conducted to compare an extraeted-fat milk replacement with one

supplemented with 1^ fat, and inside pens versus outside pexie* The

results of these studies should contribute some information cm more

efficient and economical calf-raising methods.
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SE7IEV OF UTERATimS

Introduction. Since the earliest studies In calf nutrition,

workers hare been strlrlxig to fomulate a aethod to replace whole

allk efficiently In the ration of young dairy calres. The develop-

aent of allk substitutes to aeet the calf's nutritive requirements

has resulted In satlsfactoxy and economical methods of raising young

calves* Dried skla allk powder is an lng)ortant feed in this work.

Sv^leaentatlon of allk replacers with vitamins, minerals, fats,

antibiotics, and other substances has Inproved their efficiency.

This review of the technical literature concerning calf feeding 8ua>

marlzes some of the Inportant developments In this field.

Development of milk substitutes. Studies la 190? by Savage

and Tallby (83) showed that idiole milk could be replaced satisfac

torily by skla milk, skim milk powder, and a calf meal containing

oat meal, wheat meal, and condensed milk to furnish 15-195^ protein.

Skim milk and skim milk powder gave better results than the calf meal.

Since that time naB»rous milk replacement formulas have been tested*

WlUlaas and Knodt (101, 102) though not the earliest, were among the

foremost workers In this investigation. After coa^jaring many animal

and vegetable Ingredients In milk replaceiaent formulas, they found

that formulas containing at least $0^ dried skim milk consistently

produced better growth results than formulas containing less than



k

thlc aaount* Inclusion of UO^ ground mv soybeans was lethal to all

calwas at 29 to $6 days of ago. Post-mortex examination roToaled

enlarged gall bladders» kidney dlscoloratlonf distended urinary

bladder, and excess fluid orer the entire body. Huscular weakness

and lack of coordination was also noted before death. Inclusion of

20^ beet pulp resulted in poor growth, hair loss, weakness, lacrima*

tion and papiUedena. Wallace, et s^. (96) reported that milk

placers containing 20^ high-fat soya flour or dzd.ed beet pulp, or

60% dried whey resulted in lower growth rates and more digestive dis

turbances than the other mixtures studied. Holstein calves made

noixal growth when large amounts of dzded skim milk were included in

the replacer. The toxicity of cottonseed meal containing ,02% to

.68^ gossypol to young calves has been shown by Leighton, et al* ihl),

Holstein and Jersey calves were fed grain rations containing 90%

cottonseed meal from birth to six months of age. Fotir Holstein calves

died at appz^xlmately 100 days of age* Jersey calves, the same age and

consuming more gossypol per 100 lbs. body weight than the Holsteins,

showed no toxic effects. Post-isortem examination revealed internal

pathological changes including degeneration of the heart. Jarvis and

Waugh (3U) included 3*$% hydrogenated and nonhydrogenated cottonseed

oil in a synthetic milk diet fed to grade, purebred, and crossbred

calves. Calves fed the hydrogenated cottonseed oil survived, but

those fed the nonhydrogenated oil grew vezy poorly axid died within a

few weeks. Oullickson, et al. (2?) found that calves fed fate of
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aniMB.1 origin nade signifioantlj greater gains than those fed Tegetid>le

oils* The oils were hoaogenited into ekia ailk to aake 3*5^ fet>

Ayerage daily gains were aUOf *311 and *32 lb* for calves fed eora

oil, cottonseed oil, and soybean oil, respectively. The calves were

unthrifty, listless, and emaciated. Some were saved only by changing

to whole ailk. Average daily gains for calves receiving butter oil,

tallow, and lard were 1.22, 1.2Ji, and 1.1? lb., respectively. Hopper,

et al. (30) found that when lard and butyrated lard were eaulsified

and mixed with reconstituted skim ailk to provide fat, average

daily gains to eight weeks were 1.90 and 2.16 lb., respectively.

It appears from the results of these studies that dried skim ailk

Is more satisfactory as a milk replacer than the other known feeds.

Skim milk as a ndlk substitute. Savage and Tailby (83)

demonstrated the efficiency of skim ailk as a milk substitute in a

feeding trial using skim milk, skim milk powder, and two different

calf meals. Average daily gains were 1.53, 1*23, 1.10, and .87 lb.,

respectively. Hay consui^tion for these groups averaged 360.6, 370.U,

32i4.8, and 307.9 lb., respectively, to five months. The larger gains

of the skim mllk>fed ealves can undoubtedly be partly attributed to

the greater amount of hay consumption than the calf meal-fed ealvea.

These workers concluded that skim milk, though not eqxial to whole

milk in nutritional value, was superior to all other feeds. They

advocated that the best substitute for fresh skim milk was one lb.

dried ekim milk powder reconatituted in nine lb. of water for obtaining
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bast growth raeults with xoimg dalrjr Galres. Tha groaa cheraioal

aiialyaia of skim milk shows that it contains all of ths protaine«

sugar, minarals, and watar-soluble vitamins found in whole milk (U2)*

It is lacking the fat-soluble vitamins and fat. Perhaps one of the

greater assets of skim milk is milk protein. The use of adlk protein

(eaealn, laetalbumen, and globulin) in the calf's ration is very im

portant. It has the highest feeding value of any protein in animal

feeding. Spltzer and Carr (91) found that proteins derived from

different sources vary in quantity and kind of amino acids they yield.

In an experiment using Bolstein calves, the efficiency of liquid

blood protein, vegetable protein, and milk protein was ccaqpared in

calf feeding trials. Average daily gains were 1.32, 1.03, and 1.28

lb., respectively. The percentage of nitrogen retained by the calves

for absorption was 2li.ii5i, 31.95^ and U2.8jt, respectively. These resxilts

indicate that proteins derived from animal origin are principle

factors in pz*omotlng growth, and that ths nitrogen in the skim milk

ration was absorbed to the gzeatest advantage. Though liquid blood

protein and milk protein were almost equal in efficiency, the prac

ticability of using liquid blood is almost precluded due to its rapid

deterioration. These workers found that dried blood had no more ef

fect in stimulating metabolism than feed composed of vegetable protein.

Ifiyawaki, et (61;) ran a peptic digestion trial and found that ths

drying of milk does not impair the digestibility of milk protein.

KcCollnm, et al. (6l, 62) demonstrated the superiority of animal
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protein over vegetable protein in an experiment with swine. This

study showed that the pig was able to retain only 2h% corn proteini

2S% oat protein, but 6^% skim milk piotein for construction of body

tissue.

Milk is highly digestible and very satisfaotoiy as a feed.

It is an almost perfect emulsion. Its solids, except fat, remain in

molecular dispersion until acted upon by some internal or external

influence (66). Another iaqportant value of milk in digestion is the

formation of a finable, easily liquified curd in the stomach* After

the whey has left the abomasum, the curd usually remains and supplies

nutrients as it is acted upon by gastric juices. Mortenson, et

(66) indicated that the digestibility of milk was enhanced when heated

due to lowered curd tension which permitted the curd to break up more

easily.

Reconstituted skim milk as a milk substitute. As early as

lpl9, Larsen and White (U5) found that a good quality starter could

be made by using reconstructed skim milk as a substitute for normal

skim milk. Williams and Beohdel (100) and Wiese, et al. (99) tried

feeding skim milk powder and other synthetic rations in a dry form.

They found that liquid milk replacers proved better for calves than

solid diets fed dry or as a sluriy. Staples and Seath (92) and Savage,

et al. (8U) expressed the opinion that skim milk powder reconstituted

with water is nore palatable and better for young calves than the dry

powder form.
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IfiuMrous InrestlgatorB (l6, 38, U2, U6, 79, 83) hare obtaliMd

•atlsfactory results utilising reconstituted skim ailk in the ration

of young dairy calves* Krauss and Crawford (U2) conducted a trisQ.

using Holstein calves to deteraine the effects of feeding whole ailkf

farm separated skia milk, and reconstituted skim allk* Qrain (starter)

was fed at the aaxiaoa rate of three pounds per day and hay was fed

ad lib. The average daily gains of the groups fed whole milk, fresh

skim milk, and reconstituted skia ailk were 1*65, 1«6U, and 1*86 lb.,

respectively. Though all groups aade satisfactory gains in weight

and skeletal growth, the calves getting the reconstituted skia ailk

aade the most rapid gains. These workers advocated that high grade

skim ailk powder when aired with water at the ratio of li? is prac

tically equal in feeding value to ordinary fresh skia allk. A com

parison of the ehemical constituents of these alike is shown in Table

1. Krauss and Crawford (U2) conducted an esperiaent to compare the

roller process with the spray process dried ailk powders for calf

feeding. Though both milks were satisfactory, they obtained better

results with the roller processed powder. Rupel (79) obtained average

dally gains of 1.69 lb. with Holstein calves fed reconstituted skia

milk. Xnodt, ̂  al. (38) obtained an average daily gain of 1.U2 lb*

for all Holstein calves at the age of six months when fed reconstituted

skin ailk for 39 days. Skia ailk powder was included in the grain

mixture after weaning. Berry (U) conducted an experiment to compare

nurse cow feeding and hand feeding of whole milk, reconstituted skim
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Tabla I

Average ohemloal eon^oeltion of whole milk, fjrvah skim milk,
recooatituted ekim milk, and skim milk powder^

Constituent
Whole
milk

Skin
milk

Skim milk
powder

(Spray dried)
Reconstituted

skim milk (lt9)

Water 87*10 90.50 3.00 90*30

Fat 3.SK) .10 1*20 *12

Protein 3.U0 3.57 37.70 3.77

Sugar U.75 U.95 ii9.90 li.99

Ash .75 .78 8*20

.

CO
ro

^rauBB, W* S. and Crawford, C. H. Powdered Skim Kilk as a
Feed for Dairy Calvea* Ohio Agr* Saqpt. Sta., Bi*-lio* Bull* lY, 137*
1J29.
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allkf and a calf meal. 7be ealves raised on reconatituted aklm milk

had the largest daily gain of 1.^ Ih. followed by the calf meal

(1*39 lb«), nurse cow (1.36 lb.)| and whole milk group il*2k lb*},

to U2 days. The poorer results of the calves fed whole milk was

probably due to the fact that limited amounts were fed. Berry suc

cessfully fed the reconstituted skim milk cold. The change from

warm milk to cold was gradual as the calves were changed from whole

milk to reconstituted skim milk.

The economy of using rooonstituted skim milk has boon demon

strated recently by Cleveland and Roaa (16). These workers sueeess-

fiiUy raised Guernsey bull calves by feeding reconstituted skim milk

supplemented with vitamins A and D and aurecsaycin. The whole milk

feed cost was |15.02, while the reconstituted skim milk was only

|9*7U' At the end of the U2 day milk feeding trial, the reconstituted

skim milk group slightly exceeded the whole milk group in total weight

gain, weighing 113 and 109 lb*, respectively* However, at the end of

13 weeks, the calves averaged li46 and lb* body weight, respectively,

in favor of the whole milk group. Both groups were normal or above

in body weight.

Possible deficiencies of skim milk. Though skim milk contains

all of the proteins, sugar, minerals, and water-soluble vitamins

found in whole milk, it is lacking in fat and in the fat-soluble

vitamins. Also all normal milks are deficient in iron, copper, and

BMuaganeae. Krauss (lil) prevented nutritional anemia in rats fad an
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•xcluelTe whola diet by the addition of cmaU asiounts of ooppef

and iron* Knoop and Krausa (UO) reported that Holstein calves on a

sole Hllk diet developed nutritional anemia which could be prevented

by supplementing iron and copper* Sato and Mbrata (82) showed that

though colostrum milk is high in manganese» normal milks contain

little of this element. Herman (2?) fed milk alone to dairy calves

and normal growth to six months was attained^ but the calves then

developed anorexia, lost weight, and died at 11 to 12 months of age*

He supplemented iiron, copper, manganese, and cod liver oil to another

group, and they continued growing longer than the calves on the sole

milk diet but survived ojoly a month longer* Duncan, at al* (22)

found that a sole milk diet produced tetanic eonvlusions in calves

as early ss 31 days. Though calcium and phosphorous requirements are

maintained by increasing milk intake, magnesium requirements are not

met by milk alone, lisgnesium tetany occurred on a ration high In fat

ae well as one low in fat. Wing, et id. (105) in an attenyt to de

tect mineral deficiencies in the blood constituents of calves fed

low fat diets of ndlk observed that blood levels of calcium, phos

phate, and hemoglobin were normal*

Since the fat-soluble vitamins, 1, D, E, and K are contained

in the milk fat, these vitamins are not present in skim milk. Vitamins

A 0 seem to warrant more consideration as supplements in the diets

of young calves than vitamins E or K. Several workers (Hi, 17» 67)

have demonstrated that vitamin A deficiency of calves may result In
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nlghtblindns>8, k«ratltl8» susoeptlblllty to Infectloni diarrhea^ and

anaeiation* Studies bgr Huffiuua (32) haTS shown that calves fed a

vitamin D deficient diet develop rickets*

The absence of appreciable milk fat in skin milk and its ef

fect on the calf's growth and well-being has received attention by

maxij investigators (20| Ui^)* 1%ds fact coupled with the other

known deficiencies of skim milk has led investigators to propose

certain siq>plemsnts for calves fed skim milk such as these described

below*

Supplements proposed for skim milk—minerals. The use of

mineral suppleawnts in feeding young dairy calves has received at

tention from many investigators (13# 22, 29, 32, 65, 67)* Though most

of these studies have failed to evaluate conclusively the ̂ 'istiflca-

tion for feeding mineral supplemsntc to calves on a normal diet, the

need for certain essential elements has been established. Among the

essential elements needed by growing calves are calcium and phosphorous

for skeletal growth (31)* Trace minerals are also needed in very small

amounts and are essential for good health* They include iron, copper,

manganese, iodine, cobalt, sulphur, magnesium, sine and potassium (13)*

A need for a small amount of salt (sodium chloride) has been demonstrated

by Shaehy (87)* He reported that a salt deficiency in calves is re

flected in unthrifty condition and harsh hair coat* Iron and copper

are necessaiy for formation of hemoglobin (iil, 59)* Jones, et al*

(3$) supplemented a calf ration with iron, copper, manganese, cobalt.
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zlno, aod iodine, while another ration consisted of these trace

aiaerale plus calclun, phosphorous, and loanganese, certain TitaRins,

and aureoBQrcin. These quantities supplied approximately 2.5 times

the anount of iron, copper, and nanganase as fed by Heraan (29) to

prevent anenia in calves on adlk alone. Although the calves on

both of the supplements grew at significantly faster rates than un-

8\q>pleaented calves on a basal ration, the differences in feed con

sumption and efficiency of gain irare not statistically significant.

Korrison (65) advocates that the mineral needs of calves are

generally met, with the exception of salt, when calves are fed milk,

grain, and hay in adequate amounts. Ifost of the minerals needed by

calves are well stqjplied by feed crops, especially roughage, when

grown on fertile soil (32). Lindsey, et ibI. (U9) have shown that

good quality hay from mixed grasses will supply enough calcium for

satisfactory growth and that legume or legume-grass hay will supply

excess calcium. Roughages are adequate in magnesium, copper and

iron. In the opinion of Bohstedt (13)» phosphorous is the mineral

most likely to be deficient. He noted the in^rtance of feeding

grain, particularly protein concentrates to young calves to raise the

phosphorous level. Calcium deficiencies are almost precluded if a

considerable portion of the roughage fed is legumes.

Vitamin supplements for calves. The dietary need for certaia

essential vitamins in the ration of the daizy calf has long been

recognised (17, 32, 65, 72) but the value of excess vitamin
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euppleaentatlon In awst instances has renained queationable. Seyeral

loreetigators (12, 35) bare found that supplenentlng with Titaains

does not increase growth of calTSS above that obtained when colostrun

and normal rations are fed. Phillips and Lundquist ilk) reported

that vitamin A and certain neatbers of the B*vitamin coaqilex «ez«

effective in preventing and exuring nutritional scours when adequately

supplied in the calf's diet. In a later study these workers (52)

reported that sxq>plenentary feeding of vitamins A, C, D, and nicotlnio

acid was effective in reducing incidence of diarrhea and death loss

in calves. Subsequent investigations have failed to confirm these

reports supporting vitamin supplemsntation {23, 68, 69, 11, 87).

Morton, et al. (71) conducted a study involving 60 heifer calves of

various breeds and showed that supplementing a normal diet (whole

odLlk) with capsules containing vitamins A, D, £, C and several

B~eoaplex vitamins, failed to reduce incidence or severity of scours

or to induce extra growth. Nelson and Cuimingham (68) fed shark-

liver oil as a source of vitamin A and found that the calves receiving

the supplement had no more vitamin A and lees carotene in their blood

plasma than the control calves. They believed that the vitamin A

supplement may have prevented proper utilisation of carotene from

the alfalfa hay. These findings were in agreement with those of

Skaggs iB9) who conducted a similar e:^riment. The supplemented

calves consumed more feed but made only slightly faster growth than

the calves in the control group. This treatment was ineffective

against scours.



15

Erb, al« (23) sought to detenslas whether or not aasslTe

doses of vitamins A and D administered at birth resulted in beneficial

response in dairy ealves. Though the blood plasma levels were higher

in the esperimsntal calves^ the supplemental feeding of 125>000 I. U.

vitamin A, 2$,000 I» U. vitamin D, and 2$0 mg* of niacin at birth was

of no benefit in reducing colds, pneumonia, scours, and death losses

under a wide variety of conditions*

The blood picture of the newborn calf shows low levels of

vitamin A, and needs for vitamin 0 and certain of the B-vitamins ($2,

Since oolostrum is high in vitamin A, it should be fed during

the first few days after birth as a source of vitamin A and other es

sential factors. Several investigators (6?) are of the opinion that

of the many vitamins, only A and S have been shown to have any practical

sj^aiflcanee in feeding calves, though others are needed and probably

furnished under practical feeding conditions. If the calf is taken

off milif at an early age, or if skim milk is substituted for idiole

milk, vitamin A supplement may be desirable* Boyer, at ad. (lU)

demonstrated that calves on skim milk during early meks have a low

vitamin A blood plasma level* Whole milk will generally supply

adequate amounts of vitamin A. A vitamin 0 supplement usually provides

good insurance when calves are kept in enclosed barns or are too

young to consume ample hay. A few drops of fish liver oil added to

the daily milk ration have been reoomnended as practical sources of

A and D*
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The li^ortatMse of hay In the diet of the young calf cannot be

07er>eoQ)ha8lsed* Green, eunrcured, high quality hay consumed in

amounts of two to three pounds daily, prevents any vitamin deficienclea*

Such hay is high in vitamins A and B and contains an adequate content

ef the B>eoaplex vitamins (65)* Legume hay has been shown to be more

beneficial to calves than grass hay (92). Though milk contains sane

B~vitamins, they are later provided by rumen synthesis (5U), which

jsakes the calf less dependent on milk for water>soluble vitamins.

Silage feeding to young calves as a source of carotene and other

eonstittients has been suggested* Some experimental work indicates

that it may oause digestive trouble (92)* Other trials (75) indicate

that good grass silage can be used as a sole source of roughage for

young calves* Holstein calves were fed silage as a sole source of

roughage and as a supplement to hay* The calves received whole milk

for six weeks* Grain was fed at a five 3b* maximum per day and hay

and silage ad lib* At the end of the l6-week trial, there was no

statistically significant difference between tsrea^nts. Branamaa

and Davis (15) imported that Hereford calves fed com silage gave

very good results which were very comparable to hay-fed calves* lo

detrimental effects were mentioned. The use of silage in a calf-

raising program in some instances would therefore seem feasible since

the calf is evidently able to digest it without bad effects* Hay is

usually the preferred roughage for the first four weeks of the calf's

life*
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Fat supplements for calva». Wie value of suppleMnting whole

nllk to a akim milk ration for youxig calves has not been determined.

Although the dietary need for fat has been deaonetrated (3, 20, h3,

Ul^} the aoDunt required for young calves to aake normal gains not

been determined. Several investigators (72, 105) have shown very

satisfactory results when feediiig calves a low-fat diet. Since fat

coBqjrises approximately one-fourth of the total solids of adlk, one

might suppose that a considerable amount of fat is necessary in the

diet of the calf. However, the U.S.D.A. workers (18) reported that

the principle feeding value of milk fat is the fat-soluble vitamins

it contains, mainly vitamin A which can be supplied by various oils

and roughages. They believed that energy si^plied by fat can be more

econondcally applied by carbolydrates of good quality.

Cunningham and Loosli (20) showed that total lipids in the

plasma of all calves were low at one day of age but rose in those

calves receiving sources of fat as time progressed. These workers

suggested that body storage of essential fatty acids at birth may be

adequate to last a calf several months, but dietary ̂ at may be neces

sary diuring the first few days. Arrington and Reaves (3) compared

the levels of blood lipids found in calves fed whole milk with those

fed a reconstituted skim milk diet. They reported that the blood

lipid levels were lower in calves on the low-fat diet but increased

with intakes of grain and hay. Wing, et al. (105) reported similar

findings. Allen, et (2) fed young calves colostrum and whole milv



f V • • •

: i

18

and produced narked Increaeee In the pXaeaa levels of linolelc and

llnolanio acids and lesser insreaaea in araohidonlo acid. Daring the

four days of this study, total blood plaaaai fatty acida increased

four-fold. Though the fatty acids appear to be iaqjortant to young

dairy calves (33* 85)* their exact role has not been specified

Schanta, at al. (8^) sought to reveal aonn information regarding the

nutaritive roles of the fatty acid fractions of butterfat. The fatty

acids of butterfat were separated into volatile acids, saturated, and

unsaturated acids and fed to weanling rats in com oil in approximately

the compositions found in butter. They found the saturated fraction

with com oil to be slightly superior to butterfat and concluded

that the fatty acids that are responsible for superior growth of

young rats lie in the saturated fraction of butterfat* Xn a recent

study, Ciumingham and lioosli (20) showed that a synthetic isilk con

taining hydrogenated coconut oil prevented the appearance of fat

deficiency syqptoms. The calves that were fed only a fat-fxee syn

thetic Bdlk diet developed leg weakness and died within one to five

weeks. On the basis of these data, these workers suggested that the

early death of the fat deficient calves was not the resxilt of an es

sential fatty acid defioieney.

Although attempts have been made from early times to substitute

products rich in fat for milk fat (Bit), butterfat is still regarded

superior in nutritive value to all other fats and oils used in milk

replacements. Animal fats have given more satisfactory results then

\ - t:

¥ W. "
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Tvgatabla fata (27> 30). Jacobaon and Cannon (33) found that Togetabl*

fata could be greatly Inprored by hydrogenatlon* CalTea fed yft hydro-

genated aoybean oil grew well but those receiving yH aoabydrogenated

aoTbean oil grew poorly* These findinga are in agreenent with Jazvia

and Waugh (3U) who reported that hSTdrogezustion allowed the calves to

tolerate cottonseed oil in contrast to the nonhydrogenated form which

caused detrimental effects and death.

In an effort to determine the lipid requirement of tlM young

dairy calfj Lambert, ̂  al. (U3>)4ii} fed lipid<-frea synthetic milk

containing vitamin-free casein, lactose, minerals and vitamins.

Another group of calves received a similar diet plus lipida. fiM

results of this study ahowed that the lipid-free diet reduced the

growth rate considerably. The mean weight gain to 56 days was 11 lb.

for the lipid-free diet and 30 lb. for the lipid-supplenented diet.

The lipid-free group developed rough hair coats, dandruff, partial,

alopecia, and diarrhea. Their blood lipids and blood plasma fatty

acids were also very low. Inclusion of fat in their diet caused rapid

recovery in most Instances. Work by Arrington and Reaves (3) indicated

that certain low fat diets may affect the develoiHMnt of calves. They

placed calves on a reconstituted skim milk diet fortified with vitamins

A and 0 after three days of age. One Holstein and four of six Jersey

calves died within two to four weeks following the change to reconr-

stituted skim milk. On the basis of their poor results, they believed

the calves could not stand the abrupt change of milk or possibly did
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not have adequate fat reserve to carry them over until consiaing faad*

Theea findinga are not in agreensnt with reports by other workers who

have aade similar studies. Gullicksony et (27) suggest that only

an extremely limited amount of fat is needed In the calf's ration.

These workers fed a very fat-poor diet consisting of skim milk (.01

to .02^ fat) along with a concentrate mixture of ground molasses, beet

pulp, dry skim milk, starch, and eerelose. The calves received

colostrum only two or three days and were changed to the esqperimental

milks. No hay was fed, but the calves received cod liver oil* Average

daily gains of 1.07 lb. were made by the calves on this low-fat diet.

The calves were iwaltby and thrifty, but their hair coats were rough.

Wing and Jacobson (10^) have shown very satisfactory results with calves

fed low fat rations. Other workers (16, 38, U2, U8, 79, 83) have re

ported similar findings with successful rearing of calves on low fat

diets.

Knaymes and other products as supplements for calves. Williams

and Knodt (103) nade a study to determine the effects of supplementing

powdered skim rallk with certain enzymes and carbohydrate material.

SnsyM preparations of papain and panereatin were fed to one group

and another group received dextrose, maltose, and dextrin supplementa

tions. The effects of the enzymes in the ekim milk powder were

deleterious to growth and feed consumption. Dehydration and in

testinal degeneration was noted, and two calves died. The calves

receiving the carbohydrate supplements produced sub-normal growth
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results.

Antibiotics in calf feeding, the use of antibiotic suppleoents

in the rations of young dairy calres has created widespread interest.

The principle interest concerning antibiotics for young calres has

been their effect on growth* feed eonsui^tion and efficiency* and

diarrhea. Though sereral forms of antibiotic supplements hare been

reported* lASsiter (li6} points out in a review that aureomycin

(chlortetracycline) and terraqycin (o^qrtetracycline) are the only

«M8 which have been studied sufficiently to wairant valid conclusions.

Considerable more research has been conducted with aureonyoin than

terraqyein. Other antibiotics which have been used widely in animal

feeds are penicillin* bacitracin* and streptonQrcin.

Amount of antibiotics to feed calves. Bartley* et (?)

reported an extensive trial comparing two levels of atureoiqyoln sup

plementation* three and nine grams of aureomycin 8iq}plement mg.

aureoqyoin per gran) per 100 lb. of body weight dally. This trial

was conducted from one week to 22 weeks of age. The percentage gain

of body weight for the control group* three gran-fed group* and nine

gram group was 356* 1^10* and UOO^* respectively. In an earlier report

Bartley (5) had obtained good results feeding an APF concentrate

equivalent to 15 ngs. of aureomycin per 100 lb. of body weight. In

this study the APF fad calves gained 71.1^ more than the controls.

Incidence of scours was much lower in the aureomycin fed gz*oup.
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Tha aaount of antibiotic which most be fed to obtain a naximm

growth response and to have a significant effect on Incidence of

scours is difficult to deteralne due to the ineonslstencT" of methods

of feeding antibiotics. Bartley, et si. (U) In their 195it study fed

calres 15 and U5 "g®* of aureomycln per 100 lb. of body weight dally

from birth to 25 weeks of age. The U5 ag* lewel was more effective

than the 15 mg. level in controlling infection. Howeveri during one

through 25 weeks of age, average growth rate was increased significantly

by the 15 ng* level of aureoaycln feeding. Another statistically

significant Increase resulted when the level of aureonycln was in

creased to U5 eg*> growth rate was not In proportion to the

increased attreoaiycin. In the Holsteln bx>eed, the U5 wg* level of

feeding was effective in increased growth rate up to ten weeks of

age, wlMireas the 15 ng* level-fed calves responded from birth to 25

weeks of age. The Jersey calves responded to both levels from birth

to 25 weeks of age. The greatest response from aureonycln feeding

was obtained the first five weeks of the trial. Bloom and Knodt (12)

received the greatest growth effect during the first four weeks when

feeding one gram of aureonycln per cwt* of milk replacer. These

workers also reported a greater consumption of calf starter and in

creased flmness of feces by the aureonycln-fed calvme. In another

experiment Hartley, et al. (6) fed U5 "g* and 90 mg. of crystalline

aureonycln from birth to 25 weeks of age. The U5 ig* level produced

significantly greater gains than the 90 mg. level up to 12 weeks of
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Age. Both loYels reduced the Incidence of infections« On the basis

of this expsrinentf these workers proposed that the optinuM level of

aureosQrcin feeding should be kS ag. per 100 lb. body weight for the

first 12 weeks and 1^ og. from 13 to 25 weeks of age.

Knodt and Ross (39) conducted a trial testing various levels

of aureomycin in milk replacement feeds. They fed levels of two,

four, six, and ten grams of aureonQroin per owt. of milk replacer.

Ill levels fed improved the growth rate of the calves at eight and

12 weeks of age. The two-gram level iisproved growth more than any

other level at eight weeks of age, and they concluded that this level

of feeding aureomycin per ewt. of milk replacer was adequate to pro

duce a maximum growth response. Lassiter (1(6) concluded in his re

view that milk replacement feeds should contain about 20 rag. of anti

biotic per lb. of feed.

Effects of antibiotics on growth and well-being of calves.

Hartley, et al. (7) coaqpared the effects of streptomycin and aureomjrcin

on the growth and well-being of young dairy calves. The results of

this study indicated that both aureomycin and streptomycin increased

feed efficiency with 30 rag. of aureooQrcin fed per 100 lb. calf weight

possibly more effective than 30 or 90 rag. of streptomycin. Aureo

mycin also appeared to be more effective than streptomycin in con

trolling infections. Oalgan (25) fed terramycin at the rate of 25

rag. per 100 lb. of body weight and received iim>roved gain exceeding

the control calves gains for the first 28 days.
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SwansoQf ̂  al* (95) conducted a study to detamlne how mieh

growth responae could be secured with and without aureoaycin when

calres were fed liberally on milk and a milk replacement mix and al

lowed a liberal starter ration along with good quality hay. Aureo-

ayoin was stirred into milk at the rate of ̂  per feed for

Holstein and 30 mg. for Jerseys. The milk replacer contained $0 mg*

of aureomycin per lb. and the calf starter contained 75 mg. axireomycln

per lb. The results of this study showed that the arerage gains of

the aureomycin-fed calres exceeded the controls during the milk feed

ing period as well as after weaning. These differences were not

statistically significant. Incidence of scours apparently was not

reduced by the presence of aureomycinj nor did it have any effect in

preventing death since four of the aureomycin-fed calves died from

pnetmonia or undetected causes between weaning and 120 days of age.

These lesulte indicated that growth stimulation due to aureomycin

supplementation will not be attained consistently when calves are

on a liberal milk feeding regims.

Effect of antibiotics on age of calves. The effect of the

calf's age upon growth response to antibiotic sxipplementation is Imr*

portant. Rusoff, et al. (80) observed that aureomycin-fed calves

began to gain in weight faster than control calves at five weeks of

age. Breed differences were also noted. Aureomycin produced a 25^

growth increase in Jersey calves but only 18^ in Holsteins. These

differences were not statistically significant. Loosli (5l)> la sa
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antibiotic study with calTos fed a milk replacenant ration early

in life BuppleiBented with hay and calf starter, found that the siq>-

plemented calTes nade gains over the controls for the first eight

weeks. Growth data to l6 weeks of age indicated no further growth

inprorenent over the controls.

Mode of action of antibiotics. The node of action of anti

biotics in producing growth response in young calwes has been a natter

of speculation and controversy (28, U6, 5l» 81). Bartley, et al. (8)

conducted a study to detemine the effect of administeriag aureo)qycin

on the digestibility of various rations. There were no marked or

consistent effects of aureongrcin on aiiy of tim rations except crude

fiber. Aureoaycln appeared to have reduced digestibility of crude

fiber by 13-week-old calves fed nilk and oats and by nine-week-old

eal-ves fed milk and alfalfa hay but did ziot reduce digestibility of

crude fiber by 13-week-old calves fed nilk and alfalfa hay. These

findings indicated that the beneficial effects of aureoagrcin on growth

and feed efficiency were not due to iBprovements in digestibility of

feeds* Rusoff (81) attributes the antibiotic growth effects to stimu

lation of the pituitary gland to produce more growth horaone. Hibbs

(28) suggested the mode of antibiotics is one of an alteration in

energy metabolism possibly involving the microflora of the runan*

Badisson, (77) Indicated from the results of their study that

the effect of antibiotics on growth may be due to their effect on the

physiology of bacteria in making them more susceptible to the body
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dtfens* Mehanisms. Though oral administration of aurecmqroln did

not materially affect phagocyblc activity of the leucocytee in the

blood of oalvoSf the differences between bacteria isolated from faces

of aureoeycln«fed calves and those receiving no aureonycin were

statistically significant. Leucocytes from young calves up to two

weeks of age had a lower phagocyblc activity than leucocytes from

older calves* These findings suggest that antibiotics nay contribute

a greater pax>t to body defense and thus induce growth>response dux>ing

the early life of the calf when it is most susceptible to intestinal

disturbances. Loosli (51) proposed that antibiotic calves grow

faster because of an increased appetite. Ifore research data is

needed to deterfldne definitely how antibiotics produce growth re

sponse in young calves.

Rumen developMent and activity. The gastrointestixud system

of the newbora calf has been said to resemble that of a dog in the

manner it digests food (8U)* The rumen is small with the abomasum

being twice as large as the rusMn and reticulum coidsined (21).

Thereforey during the early days of life* the calf is dependent upon

milk since it is unable to handle sufficient quantities of hay or

grain. The first few daye of the calf*8 life are very ia^jortant

from the standpoint of digestive disturbances and diet intakes. The

ultimate effects of the diet are also very is^ortant in stimulating

early transformation of the gastrointestinal tract to an adult-like

structure capable of handling feed. Becker, et al» (10) showed that



27

the runsn coMtituted approximately 30 to 36SS of the total stomach

weight from the sixth month of fetal life# Barly rumen development

is indicated by Karshall, et al. (53) who reported that the weight

and volume of rumen tissue and weight of fresh contents exceeded

that of the abonasum between aeven and 30 days. These workers also

found grass, leaves, hay, bedding, and sand in the stomach compart

ments during early life. Easier, et al. (37) observed the stomach

and intestinal contents of male Holstein calves slaughtered from

eight days to 16 weeks of age. They found that between the ages of

32 days six weeks, the z\iaen contents changed and became more

like those of an adult rumen. It also appeared that rumination had

begun by that age. McCarthy and Kesler (58, 59) foxmd an indication

of a change of blood levels of metabolites from predominantly glucose

to an increased level of short-chained fatty acids and a decreased

level of glucose. At one week of a^, the rumen fluid was able to

digest cellulose. These workers observed that calves fed milk re

placements had higher levels of fatty acids in their blood and ruiaen

4uico and that cellulose digestion was greater in this group at six

weeks of ago than the groups fed whole milk diets. Therefore, they

concluded that feeding milk replacements appeared to affect the rate

of transition to adxxlt-like levels of metabolites*

Warner, et al. (97) suggested that the relative sice of the

stomach eonpartments is detendned to scmie extent by the nature of

the diet consumed. In feeding milk and hay versus mineralised milk.
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and dry calf starter, they noted that the ailk and hay diet produced

larger retlculo-runen toIusms and that hay fed per se stretches the

organs. Other repoirts (72) indicated that hay ingestion by young

ealTCS stinaXated early derelopnent of runen function and appeared to

have a favorable physiologic effect*

Favorable reports by several investigators indicate that the

use of lou^fat milks in the calf's diet tends to induce earlier feed

oonsuioption and thus stimulate developsient of the stomach eoi^part'-

ments. Knodt, et al* (38) found that calves on a reconstituted skiiii

milk diet could consume up to five pounds of concentrates daily with

out ill effects* Bowever, Morrison (65) advocates if calves eat

more than four pounds of eoneentrate daily, they will not eat as

much hay as calves consuming smaller amounts of grain* McCandlish

(56, 57) reported that grain con8U9q>tion reached its peak when calves

were taken cff whole milk and placed entirely on skim milk. Consump

tion of gra^Ji was greater dxiring the first ten days than hay consump

tion* Mead, ̂  al* (63) have demonstrated that calves could be reared

with normal growth on a ration devoid of roughage, provided alfalfa

ash and cod liver oil are supplied. The need for roughage haa been

illustrated by numerous workers (8U). Bulk helps distend the digestive

tract and readers proper digestion possible (55)•

System of feeding. Much interest has been manifested in the

system of feeding calves milk and the effect they have on influencing

the course followed by the milk through the esophageal groove* Since
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It Is coamonly believed that the transmission of part of the milk to

the rumen causes undesirable fermentation and digestive disturbances.

Wise, et al* (106, 107) conducted studies to determine msthodE that

adniaize milk passage into the rumenoreticular cavity* The results

of this work show that the elevation of head and neck is not an im

portant factor affecting such passage to the rumen but that the system

of feeding was an important factor* The frequency of milk entrance

into the rumen using nipple pails was significantly smaller than when

using open pails* Ingestion of milk through a nipple has also been

found to increase lipolytic activity (10?). Pounden, et ji. (76)

indicated from their study of rumen contents observed in yoimg calves

that the presence of milk in the rumsn of very young calves is natural*

These workers placed milk into the luasn of a young calf by stomach

tube and noted that it was quickly moved out without harmful effects*

Kesler, et ̂ * (36) conducted a study with Holsteln bull calves to

determine whether the method of hand-feeding had any appreciable ef

fect on the growth and health of the young calf* In three trials,

a eoa^arison of open pail, nipple pail, and nipple bottle feeding

indicated that the method of feeding had little or no effect on

scouring. Each calf was fed approximately 10 lb. of herd milk daily

for k2 days* Calves fed milk from an open pall placed on the floor

gained at a faster rate than those fed from elevated pails or nipple

palls. The pail-fed calves consumed their milk much more rapidly

(52 seconds) than those nipple-fed (three minutes, seconds).
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Coidalned data for tba trials showed that the Zk pail->fed calves nade

average total gains at weaning of lil»0 lb* conpared to 30*2 lb. gain

for the 2U nipple-fed ealves. Pail-fed calves ate U*3 lb. more

starter and 1.1 lb. more hajr than the nipple-fed oalves. These

workers concluded that under the conditions of that study, nipple

feeding was not superior to pail feeding.

Effect of level of feeding on gastrointestinal eystew. The amount

or volume of milk to feed Is a vexy iaqportant consideration in efficient

calf management. Though Morrison (65) and other workers warn against

the effects of feeding the young calf large volumes of milk, only

limited research on the effects of over-feeding has been reported.

Vise, ̂  al. (108) conducted an experiment with Holstein ealves to

study the changes in whole milk "sham-fed" at the rate of 25 lb* in

five successive five lb. increments. As successive increments were

consumed, the volume of saliva deoreseed along with a decrease in

the alteration of the milk including lipolysis and coag\ilation. The

results of this study indicate that large volumes of milk may cause

digestive dlstuxbanees due to Inconplete alteration or breakdown of

the milk. Resultant effects may be only partial digestion and diarrhea,

but conclusive evidence of the effects of over-feeding is lacking.

The usual allowanoe for hand feeding is 109^ of the calf's

body weight (38, 65> 92), but more recent investigations have shown

that a higher rate of feeding milk to ealves results in greater gains.

WHXiamsoQ (lOU) fed Holstein calves at the rate of 15^ of body weight
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for kh days and obtained oalres that areragad 21 lb. heavier at four

nonths than those fed at 10^ of body weight for 63 days. McCuUough,

et al« (60) fed milk at the rate of 10, lU, and 18^ of body weight,

and the average daily gains for four nonths for these groups, respect

tively, were 1.26, 1.U2, and 1.^0 lb. These differences were statis

tically significant (< .01) for the first six weeks between the 10

and and the 10 and 18$( group but significant «.05) only between

the 10 and 18^ group for the entize four-nonth period. These findings

are in agreenent with those of Woedard (110) who coapaired akin milk

fed at the rate of one-seventh, one-sixth and one-fifth of body

weight and ad lib. Gains increased with the quantity of ailk fed.

The ad lib. group aade S0% larger gains than the one-seventh group

and at vazdous tines up to 70 days conszuaed more than i^O lb* of skta

milk per day without bad results. Srauss and Crawford (U2) fed

Holstein calves at the rate of 16 lb. whole milk, 2h lb. fresh skim

ndlk, and 2h lb. of reconstituted skim milk per day for 60 days.

Average daily gains were 1.65, 1*6U, and 1.86 lb., respectively. Xo

detrimental effects were reported. Hopper, et al. (30), Gardner,

et (26) and Swanson {9k) reported satisfaotory results when

Holstein, Guerzzsey and Jersey calves were fed milks ad lib. Ap

proximately 16 to 20 lb. of Bdlk were consumed per day per calf.

Swazison used the zmrse-cow method of feedizzg. The other workers used

nipple pails. No digestive troubles were reported. These data in

dicate that over-feeding may not be the conmon cause of scours.
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Aaount of solids to feed calveB* Though general recommenda-

tlona for total solids fed in reconstituted skin wilk are one lb* to

nine parts of water (11) U2)) present data indicate that young calves

can tolerate larger anounts of solids without detrimental effects.

This has been demonstrated by Gardner (26) in a study that showed

ad lib. feeding with nipple pails resulted in calves consuming 15-18

lb. (13^ solids) daily per 100 lb. of body weight. Allen (l) reported

an eiqperiment which fiirther substantiates the bypothesis that added

nutritive value of high solids reflect greater calf gains. He com

pared the effects of feedixig whole milk and skim milk for nine weeks

versus fresh and/or frozen colostrum for nine weeks. One group of

calves received colostrum the first ten days and were then changed to

herd milk which was fed until the fifth week idwn skim milk was sub

stituted for the herd adlk. The other group received colostrum for

the entire nine-week trial. Average gains for the first 62 days were

5h.2 and 60.3 lb.) respectively. Milk fed per lb. of gain averaged

two lb. less for the colostrum-fed group. There was no serious dif

ficulty due to digestive upsets. This was interesting since the total

solids content of average colostrum milk is 25*5^ (83). Wing) et

(105) fed solids in low-fat milk at the level of 18$ and received

very satisfactory results.

Change from herd milk to milk replacers. Another inqjortant

factor in the feeding of milk replacements to young calves is the

change from colostrum or herd milk to the milk rsplacer without



- •—v » v-_^ ^ .,'-y.*f;«tf'
♦ " V*

ji- . .

33

eauslng dlgeBtlve dlaturbancas* Frequently when the change ie aada

graduallyf 8<»ie loosenaee of the bowels oocurs (ii8). Farlous methods

have been es^loyed In changing from whole milk to the milk replacer

(11, 27> 101, lOU). These methods ranged from a gradual change at

three to four weeks of age to an abrupt change at six days. All of

these methods apparently were satisfactory from the standpoint of

the calf's digestive apparatus. Leighton, et al. (US) changed abruptly

to reconstituted milks (skim milk powder and whey) after five days of

colostrum feeding* The calves responded without any sppaxent detrimental

effects. It appears from the results of these trials that a gradual

change to the milk replacer after several days of whole milk feeding

would be the best method to prevent a digestive disturbance in the

very young calf, because in some instances it may be unable to with

stand abrupt changes of diet.

Imngth of time to feed milk. The length of time to feed milk

to young calves from the standpoint of econoiqy and nutrition is of

utmost importance. Mlk is one of the most expensive items in a

calf-raising program. If eaJLves can be fed milk and weaned in a

srtnimwm of time without affecting their normal growth, this would

result in more efficient gains. iPresent day recommendations of milk-

feeding periods in a calf-raising program offer an interestixig ecss-

pariaon with thoae methods of s half century ago. Idndsey (U9), in

a 1915 report, relates substituting skim milk for whole milk after

two weeks and continuing skim milk feeding until the end of four
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aonthi* 7#«d«r8 wanting largo animale froquentlj' fod skim milk until

•ight to 12 months of age. HowoTor, as early as 1883» Stewart (93)

was eogniaant of the e3q>ense imrolTsd in such profuse milk-feedizig

methods. He advocated feeding whole milk a month or two and then

changing to vegetable meal and water nixed with equal parts of skim

milk. Though this type of ration was apparently deficient in vitamin

k, his study probably Induced later workers to seek more efficient

methods.

CozMver (17) fed whole milk for two weeks and then changed

to reconstituted skim milk which was fed until the seventh week.

The reconstituted milk was gradually redueod and stopped at the

eighth week* Skim milk powder was then fed as 30!^ of the grain-mix

until the calf was four months of age. Other workers (ll) agreed

tilth Conover in the belief t^t the length of time to feed milk was

(topendent upon the eoiqposition of the grain mix. They reasoned that

if the grain-mix contained no dry skim milk, reconstituted skim rnlLk

should be continued in the calf *s diet until four months of age and

preferably six.

Since that tiaw, many procedures have been employed in suc

cessfully raising calves on very small rations of milk. Morrison

(6$) noted that limited milk feeding causes subxiormal growth rates

until the calves wozm able to consume enough hay and grain to meet

their growth requirements. Converse (19) reported in 19U9 that he

weaned calves at 90, 60, kS, and 30 days without adverse effects.
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fiaodt> et (38) fed recoiustituted skim milk for five weeks end

disoontinued it by the sixth week with very satisfactory results*

In a similar study, Cleveland, et (I6) ireported normal gains when

the calves were weaasd at seven weeks. Berry (U) concluded that

calves may be weaned from reconstituted skim milk as early as 1^2 days

depending upon the sise and vigor of the calf* £b advocated that

calves could be raised successfully on as little ss 100 lb* of whole

milk and 75 lb* of skim milk powder.

In an ejqperinsnt at the Ihiiversity of Tennessee, Williamson

(lOU) indicated that prolonged milk feeding may reduce hay and feed

consun^tion* Therefore, it would seem feasible to conclude that

stopping milk feed at an early age when the calf is able to handle

hay and grain would be most advantageous and Just as satisfactory as

extending it beyond this time. This reasoning is supported by the

findings of several investigators who have reported studies that in

dicate early development of rumsn function in the young calf and the

calf*8 ability to handle some roughage as early as one week of a|^

(58> 59). Kesler, et (37) observed that the rumen contents of

young calves changed between 32 days and six weeks to those character

istically seen in the rumen* In another study (53)« the presence of

increasing roughage in the stomaoh compartments between seven to 30

days of age also indicated the calf's ability to handle some bulky

feeds during early life. Hay ingestion by very young calves ap

parently stimulates early developmsnt of rumen function (67* 97)*
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HcCandllsh (57) found that yovng calres coneuae greater aaounts of

grain (starter) during the first ten days than hay.

Digestibility of rarious calf feeds* Several investigators

have conducted experiments to detexwLne the utilization of carbo^

hydrates in the diet of young calves* This is especially ii^ortant

in the use of calf starters which coiusist mostly of carbohydrates, a

large portion of which are starches* Shaw, et al* (86) areportsd that

calves were unable to utilize staixh to any appreciable extent until

nearly one month of age* Flipse, et al* (2li) conducted a study to de>

temine the effects of lactose on utilization of carbohydrates in

synthetic rations* The results of this study showed that alteration

of response produced by adding lactose to either a corn syrup or starch

ration was remarkable* Addition of lactose to com syrup changed the

response from no gain to 28 lb* gain in 31 days. Therefore, ti»se data

indicate that lactose favorably Influences utilization of certain

eaibohydrates and thus provides a basis for the use of non!>fat solids

in the calf's diet.

The digestibility of milk and milk replacements has been

studied recently by Noller, et al. (70). The digestibility of whole

milk and evaporated milk is reported as being 9U*6^ with little

variation due to the age of the calf* However, tl»se workers found

a lowdigestibility value for vegetable milk ̂ placements fed to

calves at a very early age* They advocated that such milk replace*

ments could not be utilized satisfactorily until calves are approximately



37

i$ dajB old. Vhltlng and Clark (98) ootad tha superiority of akin

adlk feeding for young calves over that of vegetable diets which was

apparently due to the calf's ability to properly digest the skin milk.

Proper digestibility of the calf's feed is very inportant

since the failure to do so may result in scours or diarrhea. In

clusion of low-fat diets in the calf's ration has generally resulted

in more frequent scouring due to the high levels of lactose and ash

in skim milk (l6, 73» 96, 106). Wallace, et al. (96) fed skim milk

and whey which also has a high level of lactose and noted normal

gx^wth in the skim milk diet, but when as much as 60^ of dried idiey

was included in the diet, growth rates were depressed and digestive

distuxhances resulted. It is generally agreed by most workers that

other than being more laxative, skim milk is normally digested with

out gastrointestinal distuzhanees. Owen, et al. (73) reported that

diarrhea was reduced by inclusion of 3% milk fat| inoreased slightly

by doubling the lactosej incimased moderately by increasing the milk

mineral content four-fold in the calf's diet.
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SUMMARY

A review of the data jreported by muneroue investigators indicates

that yotmg calves can be successfully raised on milk replacer diets

with only limited amounts of whole milk. Milk replacers containing

at least 503^ dried skim milk have given better results than those

containing less than this amount. This is due to the milk protein

which probably has the highest feed value of any protein used in

animal feeding and the Inability of calves to digest properly feeds

other than milk. The use of reconstituted skim milk as a milk re>

placer has shown very satisfactory results in growth, efficiency, and

eoonoiqy. The possible deficiencies of skim milk are the fat-soluble

vitamins, iron, copper, manganese, and fat. These deficiencies can

be »Bt by supplementing vitamins A and O and providing the calf with

good quality, sun-cux^d, hay and a concentrate containing high levels

of protein up to 183^. The value of supplementing fat has not been

determined. The value of feeding antibiotics, especially aureomycin,

has been recognized and is believed to be important to the calf's

well being in keeping down infection and enhancing growth and appetite.

The exact mode of action of antibiotics has not been demonstrated.

Rumen development and function as early as on* week has been reported,

thus enabling the calf to utilize some bulky feeds at an early age.

Hay ingestion is believed to stimulate rumen function. This is very

important in considering the length of time milk must be fed. Some

workers have weaned calves as early as U2 days with satisfactory
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results which indicates early ruaen function* The aisount of ailk to

feed and solids content of ailks are important considerations. Though

soae workers adhrise against feeding large volumes or high solids to

young calves, eaqperiaeats have shown that up to 20 lb. of milk per

day can be fed without detrimental effects} likewise, calves can

tolerate milks containing up to 20% solids with good results. Greater

gains have been obtained fi^a feeding large volumes and milks con

taining high solids content. Though nipple-pail feeding is generally

recommended, recent studies have shown that it is not superior to

the open-pail method of feeding. The gradual change from whole ailk

to the replacer after several days of whole milk feeding has

shown satisfactory results and is probably the best method to prevent

digestive disturbances. The digestibility of whole and evaporated

Bilks are estimated to be as high as whereas vegetable milk

replacers have a low digestibility value and cannot be satisfactorily

utilised by very young calves. Other than being slightly laxative,

skim milk is normally digested without gastrointestinal disturbanoes.

i^parently, skim ailk is the best knoun substitute for whole milk in

the diets of young calves.
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mmamn i, the iPfECT op variihg the amount of milk solids

IM RSCONSTnUTSD MILK

EKPERIMENTAL PLAN AND METHODS

This study vas nads to determins tha affect of reconstituted

skia nilk containing lOJJ, 151^ or 20% solids upon the growth, feed

intake, and wall being of calwas when fad at a rate approxinating 1$%

of body weight per day* It was conducted at the University of Tennessee

Agricultural Eiqperiaent Station at KnoxviUe* The expezdnant started

August 1, 19$$r end continued through June 21, 1956*

Animals. loxBal Holstein calves were assigned to one of three

groups at two to three days of ago according to their size and sex,

alternating to keep the groups as nearly equalised as possible at

all times* Each group consisted of ten calves* These were divided

and coopared as shown in Table 2.

n1 ealves were allowed to remain with their dams for the

first two or three days after birth to facilitate adequate colostrum

intake* The calves were taken from their dams and placed in individual

pens in an enclosed barn. Bedding consisted of wood shavings which

were supplemented daily as needed. The pens were cleaned as often

as necessazy.
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Table 2

Outline for the coiq>ari8on of different treataente
for Rolstein ealveSf Experiaent I

Groups fed
10

% ailk solids
~l5 20"

Male calwes (no.) 5 k U

Female calves (no.) ? 6 6

Total (no.) 10 10 10

Av« 7oda/ wt. (lb.) 90.6 90.5 91.U

Milk fed {% of bod/ wt.) 15.0 15.0 15.0

Total solids {% of milk fed) 10.0 15.0 20.0

Milk feeding period to a weight of
— (lb,)

Maxlwaa starter fed per da/ (lb.)

Ha/ fed

150

k

ad lib.

150

U

ad lib.

150

!♦

ad lib.
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Fegds* ColoBtroB and whola milk nare fed for the first fire

days and the calres were tavight to drink from nipple pails after

separation from their dam* Reconstituted skim milk was introduced

gradually on the sixth and seventh days so that by the eighth day,

the calves were entirely on the esqperinental milks* All calves were

fed the same aao\mt of reconstituted milk daily* This amount was

determined on the basis of an 80 lb* calf at birth, and after the

ninth day the astount fed increased 0.2 lb* per day up to 20 lb.

Ho calf was fed more than 20 lb*

Non»fat dry milk solids fortified with vitamins A and D,

and aureomycin, were used for reconstituting the skim milk. The

ccm^osition of the milk is shown in Table 3* The amount of warm

water used to reconstitute the dried milk was calculated by multi

plying the amount of milk being fed (based upon 13% body weight)

times the respective total solids group and subtracting this amount

from the original figure. Milk was fed twice daily and allowances

were adjusted on the basis of normal growth rate* Milk feeding was

stopped abruptly when the calves reached 150 lb*, a normal nine-week

weight.

Water, chopped hay, and pelleted calf starter were available

at all times after the calves were placed in individual pens. The

calf starter formula and the milk replacement formula ai*e shown in

Table 3» Maximum concentrate feeding was four lb* daily. Coarse,

chopped hay which consisted of a grass-legume mixture was fed ad lib.



Tabla 3

Foraulas uced for Bilk replacttr aad
calf starter pellets

MLlk replacement formula

Ingredients lb.

Skin milk 1;60
Anreofao D 1^,6*
Quadrex 10 ,li6^

vsm

*ProTides $0 ag* aureoqgroiV^-b. dry milk*
Provides UO(X) units vit. A & 500 units

Tit* B/lb* dry milk*

Calf starter pellets formula

Ingredients lb.

Tellow com 380.0
Oats 200.0
Vheat bran 100.0
Linseed oil sosal 100.0
Soybean oil meal 100.0
Fish msal 30,0
Fish solubles 20.0
Molasses 50.0
Salt, iodised 10.0
Trace mineral limestone 10.0
"A" oil a

Irradiated yeast „b

•Contains 2721+ units vit. A/lb. finished
feed.

^Contains 1225 units vit* finished
feed.

U3
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Eaeords. Rtoorda wera kept of all xilk, hsj, and oonoentratea

consiuaed* BodjT weights y height at withers» and heart girth masure-

Bents were aadte at weekly interrals. Hotations vere made of all ail"

Menta and treatasnta. All records were aaintained thro\igh 17 weeks*

In aild eaaea of dia3rrfaea« a aoours reaedy consisting of Kaolini

Bisattth, and Pectin with Siilfathiaaole, was administered by the

persons feeding the ealres. This was given at the rate of two fluid

ounces per 25 lb* of body weight per day in three equal doses. Dosage

was reduced by one-third after the thii^ day if the calf required

further treataent. In severe cases, the University veterinarian

administered treatment to the calves.

The analysis of variance aathod was used in determining whether

a statistically significant difference existed between the various

grotiqpB.
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ISSOLTS

Weight gains. The ttverage weekly gains for the three groups

ere presented in Figure 1* The 15$ solids group showed slight gains

orer the 10$ and 20$ groups for the l6*week trial* After the seventh

week when all calves had been weaned, it was interesting to note that

all groups followed a ccsqparable growth trend and remained proximated

until the end of the trial. The first six weeks of the trial, the

heavier fed 20$ solids group led all groups. This is clearly shown

in Figure 1* The 15$ solids group held a slight edge over all groups

from the tenth through the 17th week* After the fouarth week, all

groups remained above the standards reported by Bagsdale (76)*

The average weekly gains are summarised in Table U* The

total gains were 17U*8, 178.1 and 171.U lb. for the 10$, 15$> and 20$

groups, respectively! weekly mean gains were 10*9, 11*1, and 10*7 lb*,

respectively* The average daily gains were 1*56, 1.59» and 1*53 lb.,

respectively. There was not a statistically significant difference

between any of the groups for the 112-day period*

From the seventh to 35 days of age, the 20$ group's average

eunmlative gain was 51*6 lb, and the 10$ and 15$ groxips averaged

U0*li and UU.l lb., respectively. When analysed statistically, this

was a significant difference approaching the 1$ level of probability.

The ratio of variances for this period was 5.23 idiich was compared

with Snedecor's (90) F value of 5»U9 at the 1$ level.
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fable U

Effect of feeding reconstituted milk at 15% of body velght and
lOy 1$, and 20% milk solids upon weight gains

At* weekly wts. At* weekly gain Av* cumulatiTe gain
of groups fed of groups fed wt* of groups fed

Age % solids — % solids % solids
days 10% 15% 20% 10% 15% 20% 10% 15% 20%

lb* lb* lb. lb. lb* lb. lb* lb* lb*

7 90.6 90*5 91.1*
11* 98*3 101.8 105.5 7.7 11.3 li*.l 7.7 11*3 11**1
21 107*8 110.3 118.1* 9.5 8*5 12.9 17.2 19.8 27*0
28 119.1 123*0 133.0 11*3 12*7 li**6 28*5 32.5 ia*6
35 131.0 13l*.6 11*3.0 11*9 11*6 10.0 1*0.1* 1*1**1 51.6
li2 lia.6 11*6 J* 11*7.7 10.6 11.8 1*.7 51.0 55.9 56.3
1*9 151**8 11*9.9 153.1 13*2 3.5 5.i* 61**2 59.1* 61*7
56 162.1 158*7 163.1 7.3 8*8 10*0 71.5 68.2 71.7
63 171.3 170.1* 170.3 9.2 11*7 7.2 80*7 79.9 78*9
70 182*5 181**5 180.6 11.2 li**l 10*3 91.9 9i*.0 89.2
77 191*.6 195.1* 191.0 12.1 10*9 10. J* 101**0 lOlt.9 99.6
81* 202*9 206*8 203.1 8*3 ll.i* 12.1 U2.3 116*3 111.7
91 221.1 221.9 211**2 18.2 15.1 11*1 130*5 131*1* 122*8
98 231*5 231.2 229.0 10. I* 9.3 11**8 11*0*9 11*0.7 137.6
105 21*2.5 21*3.1* 238.6 11*0 12.2 9.6 151.9 152.9 11*7.2
U2 251**3 251**8 252.2 11*8 11.1* 13*6 163*7 161**3 160.8
119 265.1* 268*6 262.8 11*1 13.8 10*6 171*. 8 178.1 171*1*

Total
gain 171*. 8 178,1 171.1*

At*

daily
gain

At.
weekly
gain

1*56 1*59 1.53

10.9 U.X 10.7
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Otlna la htlght at vlthera* Tint averag* waeklj gains are shoan

in Figure 2. There was no appreciable difference in total height gains

between the groups for the 112-day trial. The total height gains were

7.6, 7»$, and 8.0 inches for the 20}C, 1$%, and 20^ solids groups, re*

spectiTely, the larger gain being nade b^ the 20f group. Vith the ex*

eiqption of the 20% group, froa the fourth week to the eighth week, all

groups were slightly below the Bsj^dale (78) standards until near the

end of the trial.

The euaulatlTe gain of the 20% total solids group averaged 2.6

inches froa the 7th to the 35th day. The 1(^ and 1$% groups averaged

1.8 and 2.0 inches, respectively. These differences were statistically

significant at less than the S% level of probability.

Heart girth changes. The average weekly gains are presented in

Figure 3* The differences between the groups were not statistically

signifieant. Though the average linear growth rate in Figure 3 inr>

dicates that the heart girth gains of the 20^ solids group exceeded

^le ethers from the 7th to the 35th day, the probability of significanse

exceeded $%, At the end of the 112*day trial, all groups showed a close

eoaparlson in total growth advanees. The 10^ group nade the largest

gain of 12.U inches. The 15^ and 20% groups followed with 11.9 and 11.6

inches, respectively. All groups were slightly under the Ragsdale

standards but not significantly so. Hagsdale (78) reported that vari*

ations in linear neasurenent say vary from 9 to 10% and still be o<m*

sidered noxvial.
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Milk consumption. The average total consuB^tion of milk from tho

•eventh day until veaning mas 713*7» 612*2, and ̂ lii*9 lb. for groups fed

XQ%t XSSt 20^ solids, respectiTely (Table S), This vas equivalent

to 71*U> 91*8, and 103*0 lb* of milk solids, respectively. The milk

solids eonsunsd per lb* gain for 112 days were *U0, *51, and *60 lb*,

respectively, for the 10$, 15$, and 20$ solids gro\^>e* The 20$ gs^mp had

the shortest milk-feeding period, 38*7 days* The 15$ group followed at

1^*1 days, and the 10$ group was weaned at l4.7*U days. The fact that the

20$ group was weaned in the shorter period of time is indicative that

heavy initial feeding of calves results in much faster weight gains,

since all ealves were weaned at about 150 lb* body weight.

Grain and hay consumption. The average total amount of hay and

grain consumed by all groizps was similar as shown in Table 6. The 10$

solids group led the other groups both in total hay and grain con-

suag}tion* This is shown in Figures U and 5, especially in regard to

grain consunptlon from the 3rd to the 8th week and hay consuqption from

the 6th to the Uth week* The 20$ grocp lagged behind other groups

in hay and grain consumption, but more notably so in hay consumption.

These differez^es were not statistically significant at the $$ level of

probability* The greatest ineirease in weekly grain consumption oecurred

at the seventh week with the exeeption of the 10$ group. The 10$ group

followed a more consistent increase than either of the other groups.

The greatest increase in hay consunptlon occurred in all groups

at the 13th week* The 10$ group followed a amre consistent trend in hay

oonsuiption than the other groups, especially during the first 13 weeks

(Figure 5).
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Table $

Coaparison of feed consumption of calves fed skim milk
reconstituted at 10, 1^, and 20% solids

Av* milk consumed Av.
Week groups fed
no. ^ solids

-m—isf—w ~w

grain consumed
groups fed
—« % solids

"W

Av. hay consumed
groups fed
— % solids

151 fel W

lb. lb. lb. lb. lb. lb. lb. lb. lb.

1 0.2 0.5 0.2 0.8 0.9 0.5
2 100.0 97.0 9li.2 0.7 0.5 0.2 O.it O.it 0.1

111.7 10^.6 IOI1.2 l.U 1.7 0.7 O.lt 1.1 O.lt
h 121.7 119.7 115.1 3a 1.9 1.3 0.8 0.8 1.0

5 131.3 116.U 109.3 6.1 3.1 3.1 1.3 l.it 1.3
6 12li.9 100.2 67.3 6.9 6.8 7.8 2.6 3.0 2.0

7 88.9 51.0 2it.6 lit.l 11.6 12.1 3.1 3.7 2.8
8 35.0 15.lt 19.7 19.9 20.6 5.2 5.2 5.1
9 6.7 2U.U 2it.6 23.8 7.5 6.1 6.2
10 26.8 27.0 26.5 10.6 8.2 9.2
11 27.0 27.3 26.9 12.8 13.5 12.8
12 27.2 28.0 27.lt 15.1 15.1 13.6
13 27.2 28.0 27.5 17.0 17.1 17.9
lit 27.lt 27.1 27.8 23.3 22.5 23.3
15 27.6 27.2 27.it 25.3 25.2 2lt.7
16 26.8 27.2 26.7 26.7 27.0 26.1
17 27.2 27.lt 27.6 28.lt 30.0 30.7

Total 713.7 612.2 5m.9 295.8 289.8 287.6 181.3 181.2 177.7
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Table 6

Arerage cninulatiTa grain and hay conatu^tion of ealras fad
■klB milk raconatituted at 10;» and 20% aolida

Av. grain eozi8UB^>tion At. hay conaumption
grmQ>8 fed groupa fed

Aga % aolida — % aolida
day* 10^ 15% 20% 10% 15% 20%

lb. lb. lb. lb. lb. lb.

7 0.2 0.5 0.2 0.8 0.9 0.5
Hi 0.9 1.0 O.ii 1.2 1.3 0.6
21 2.3 2.7 1.1 1.6 2.1i 1.0
28 5.ii li.6 2.1i 2.ii 3.2 2.0
35 U.5 7.7 5.5 3.7 ii.6 3.3
li2 20.1i lii.5 13.3 6.3 7.6 5.3
k9 3ii.5 26,1 25.1i 9.1i 11.3 8.1
56 5U.2 U6.0 li6.0 Hi. 6 16.5 13.2
63 78.6 70.6 69.8 22.1 22.6 19.1i
70 105.ii 97.6 96.3 32.7 30.8 28.6
77 132.li 12li.9 123.2 ii5.5 lili.3 lil.li
81i 159.6 152.9 150.6 60.6 59 .li 55.0
91 186.8 180.9 178.1 77.6 76.5 72.9
98 211i.2 208.0 205.9 100.9 99.0 96.2

105 2lil.8 235.2 233.3 126.2 12ii.2 120.9
112 266.6 262.U 260.0 152.9 151.2 lli7.0
119 295.8 289.1i 287.6 181.3 181.2 177.7
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Dlaeage. Incidence of diarrtiea ma not severe in any of the

groaps* llthoagh sone of the calves manifestad watezy feees at varloas

tlaea, only ten calves of all the groups exhibited diarrhea to aiy nota

ble extent. The IDJl group had no calves notable for diarrheaj the 15$

group had three} and the 20$ group had seven. The typo of fecea ob

served fr<Mi aoet of the calves eith diarrhea was a vatery^ yellow to

brown colored feces with the exertion of one calf shich passed a

idiitish-colored feces. This calf also had a tMperature of 103.6®P. at

the tlae of the diarxhea.

Three calves were noted to have respiratory ailments and were

treated with terranycin. After treatment^ the calves quickly regained

normal health.

One calf was treated for navel infection with streptoaycin and

penicillin. Recovery was coiqjlete. Another calf developed soaliness^

dandruff, and alopecia starting on the head and spreading to the entire

body* The calf recovered Srtm this condition without treatment, as it

grew older* There were no deaths in any of the giroups.
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DISCUSSI(»

this •sqperiasnt dsMOOstratsd that highly concentratad ailks con

taining up to 20jS total ailk solida coold be tolerated by calves with

out az^ noticeably detrimental effeets* Although the 209( gzwip had the

lowest growth average« it was not significantly below the 10^ and 1$%

groups, these findings are in agreement with Wing, Jacobson, and Allen

(105) who reported that low fat sdlks fed at the rate of 18^ solids were

equal to or better than whole milk for weight gains. However, these

workers reported more frequent scouring when feeding a high rate of

solids. Woodard (110) also obtained better growth results when feed

ing skim milk ad lib. and at one-fifth of body weight. Previous work

at the diversity of Tennessee showed that csJLves respond with better

growth uhen fed milk at the rate of 155^ body weight than at 10$ body

weight (lOU).

The fact that the 15$ group achieved slightly greater growth

gains is believed to be due to several factors. The total average hay

and grain con8Ull^>tion was not significantly different between groups.

Bowever, the earlier age that hay and grain was consumed in larger

amounts was believed to be a vexy important factor. The 10$ group,

although fed milk for the longest time, began oon8uiiQ>tion of hay and

grain earlier than the other groups and was more consistent in its

consumption. The reason was believed to be due to the lower rate of

feeding milk solids, thus causing the calves to remain hungry after

milk feeding and to consume more hay and grain to fulfill their appetite.
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Tfaa rsason ths 10)1 group did not attain the largeat growth gain vaa

probably dae to their alow atart in growth for the firat four weeks

%ihen depending mainly upon milk and receiving amaller amoaata of solids

yian the other growpa. This is evident in Figure 1 which shove that

greater gains were made on milk the firat five weeks by the 20$ group.

The 20$ grocgpy due to their larger milk oonauiqption, ate less hay and

grain the first few weeks than either of the other groups. Thia was

especially notable in hay consu^tion. Meanwhile the l!^$ groi^ ap

parently struck a medium between the two groups> consuming large enough

intakes of milk aolida to attain eogqparable growth gains to the 20$

groins at the initial periods and continuing their advance in growth due

to their earlier weaning age than ths IC^ gro\q> and their more con

sistent hay con8U]ig)tion bsfore and after weaning. The 20$ groiqp also

eonsumod less grain up until ths fifth week. Therefore, it appears

from these data that idiile the lower rate of feeding milk aolida (10$)

gave more efficient gains than the heavier rate of feeding (20$ solids),

the nadium level between the two groupa or the 15$ group produced slightly

superior gains than ths 10$ group and oven greater gains than the 20$

grotQ).

It was noted in all groups that grain and especially hay con-

sunption increased rapidly following weaning. No harmful effects were

noted in withdrawing the milk from the calves' diet abruptly. Though

most of the calvea lost 8on» weight the week after weaning, normal gains

were resumed thereafter (Figure 1). This resulted in a higher consump

tion of dry feed at an earlier age since only hay and grain was fed after

milk feeding was discontinued.
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It ms intarssting to note from the standpoint of calf nanageoent

(Table 6) that the vaaiwd 2Qffi group vas not consuBiing as wtch hay and

grain as the groups still on a milk diet at six weeks of age* It is also

an isqportant consideration to note that the grain consumption of the 10^

group while on a milk diet was above that of the other two groups.

The healthf thriftlness, and well being of the oalves in all groups

were favorable, though their hair coats were rougher and coarser than

would be empeeted from a higher fat diet* This is in agreensnt with the

report by GuUickson, e^ (2?) from their study of fats in the rations

Of dairy calves.

Scours appeared in the 15 and 20J( groups but were not notable in

the 10]( group. The fact that watexy feees were frequently observed was

believed to be due to the high content of lactose aiwi ash present In the

skin milk solids (96). Though there were some eases of scours requiring

treatment in the 20^ and 1S% groups, diarrhea was not a major problsa

in any of the groups. This is evident in pointing out the superior

growth results of the 7^ group while still on a milk diet. On the basis

of this experiaent, it is believed that milk solids can be fed up to the

rate of 701% to young dairy calves without noticeable detrimental effects.

The low incidence of respiratory ailments and the control of infectious

scours were believed to be due to the effects of aure<»qreln in the skin

nilk powder.

Inder moet conditions, the use of skin milk powder is nest advaxr*

tageous fron the standpoint of eoonoey. Wholesale prioes on feed grade

dried skia allk powder are approximately Ih cents per lb. Feeding at
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the rate of nllk aolldsy the cost woiild be |0*21 per 10 lb* of re

constituted skin milk} whereas« the same amount of Class II whole milk

at $3«38 per evt. would be $0,3k per 10 lb.

On the basis of milk con8Tuq>tlon and average daily gains, the 10$

and XS% groupe were the most economical of the three groups since the

total amount of hay and grain consumed by all groups was practically

the same (Table $). The 10$ group consumed 71*U lb. of milk solids|

15$ group, 51.8 lb., and the 20$ group, 103.0 lb. The most economical

gain between groups was the 10$ group whose total cost of milk solids

averaged %9»99» Total cost of milk solids constuaed by groups 15$ and

20$ was 112*85 and |lh.U2, respectively* Since there was not a sta

tistically significant difference between the groups in regard to total

growth rate, it would seem feasible under normal farm conditions to

recommend either the 10 or 15$ rate of feeding milk solids with the 10$

level appearing to be the more economical rate*

The use of reconstituted skim milk in a farm program designed

for raising dairy calves for replacement stock seemed very eatisfactoiy

under the conditions of this eiqperlment. This type of program could

easily be adopted on most dairy farms where whole milk is beii% sold.



CHAPTER IV

iXFERIMSHT II» THE EFFECT OF FEEOINQ MIU SOLIDS AT A COISTANT

mCENTAOE OF BODI WEIGHT IS DIFFERENT VOLUMES OF WATER

IITAL FLAN AND METHODS

This study vas auide to deterains ths c(MQ>arative sffeot of feed

ing the saow aaoont of milk aolids in three different toIums of recon

stituted skin Kilk upon the growth, appetite, gastrointestinal distuzi)-

anoes, and well being of calves. The calves were fed 10, 15, and 20%

solids at 15f 10, and 7*5^ of body weight, respectively. The ezperi-

nent was conducted eoneiurrently with Ebqperinent I at ths University of

Tennessee Agricultural Experiiwnt Station at Knoxville. It began

DeeeaA>er 5, 1955, and ms conpleted Hovenber 8, 1956.

Animals. ik>:rmal Holstein, Jersey, and crossbred calves were

assigned to one of three groups at two to three days of age according

to size and sex. The groups were kept as nearly equalised as possible

at the start of the tests. Each group consisted of 11 calves. The

calves were predominantly Jerseys because they are generally easier to

upset and more difficult to raise than Holsteins. They were divided

and c(Mpared as shown in Table 7*

Feeds and records. The eaqperinental procedure regarding housing,

feeds, and nanageaent was the same for this stuc^ as in Experiment I.

The amount of reconstituted skim milk fed was based upon each calf*8

individual birth weight. The amount of milks vas progressively
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Table 7

Outline for the ooit^arieon of different treatnsnts
for calvesf Experiment II

62

Groups fed — % body wt.jg

Holstein calves (no.) 3 3 3

Jersey calves (no*) 6 7 6

CroBB-bred calves (no*) 2 1 2

Total (no*) 11 11 11

Av. 7*day vt* (lb») 6it.5 65.5 60.6

HUk fed (% of body irt.) 15 10 7.5

Total solids of milk fed) 10 15 20

Maximnm starter fed per day (lb.) k k U

Hay fed ad lib. ad lib. ad lib

b\

f -i

\

/.
* j* * r' •* ^

i ' .
• K\,' ■* t
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increaMd on the basis oS aoraal daily gains of the rsspectiTe breeds*

Milk feeding vas stopped abruptly when the Holstein calves reached 1$0

lb* in body weight and the Jerseys and crossbreeds^ 100 lb.* The tzdal

continued through 16 weeks*

The analysis of variance nethod was used to detenolne if sta*

tistically significant differences existed between groups*
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RESULTS

Vteight gains. The average weeldy gains for the three groupe are

presented in Figure 6, The group fed lOJt of body weight slightly ex*

eeeded the 15 and 7*$% groups at 112 days. These differenees were not

statistically significant. Differences between breeds were significant

(P <■ .01) at 112 days. The Holstein calves consistently gained wore

than the Jersey and crossbred calves throughout the trial. aii groups

followed coii$>arable growth trends throughout the entire trial as shown

in Figure 6* l^ough the 7*$% group appears to lag behind the other

groups^ this was apparently due to their sinaller Beven*day beginning

weights ttian the other groups. With the exception of the 7.55 group,

all groups rewained above the Bagsdale (78) standards after the fourth

week. The 7*55 group did not deviate significantly from the standards

as shown in Figure 6.

The average weekly gains are summarised in Table 6. The total

gains were 118.3, 12h.8, and lllt.5 lb. for the groups fed at 15, 10,

and 7.55 of body wei^t, respectively. Weekly mean gains were 7.9,

8.3, and 7.6 lb., respMtively. The average daily gains were 1.13,
1.19, and 1.09 lb., respectively.

Irm seven to U2 days of age, the average cusulative gaixui for

the 15, 10 and 7.55 groups were 1*1.2, 39.7, and 38.8 lb., respectively.

The differenees between the groups were not statistically significant

due to ration. There was a statistically significant (P «• .01) differ*

ence between breeds and breed tijaes ration interaction.
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Table 8

Coiqparlson of weekly weight gaine by three groups of calves wfasa
Bilk solids were fed at !»$% of boc^ weight in
recoaostituted lailks fed at 7«5» 10, and JS%

of body weight

Age
days

At.

daily
gain

At,

weekly
gain

At. weekly wts.
nilks fed
% of body wt.body

At. weekly gain
in wt.

idJLks fed

of body wt.

m 7.5$

At. euaulatiTo gain
in wt.

nilks fed
• of body wt.

"~i5? m 77^

lb. lb. lb. lb. lb. lb. lb. lb. lb.

7 6U.5 65.5 70.6
lU 69.3 69.lt 61t.2 lt.8 3.9 3.6 lt.8 3.9 3.6
21 76.5 76.lt 69.5 7.2 7.0 5.3 12.0 10.9 8.9
28 eii.u eit.i 77.it 7.9 7.7 7.9 19.9 18.6 16.8
35 96.0 95.lt 87.5 11.6 11.3 10.1 31.5 29.9 26.9
li2 105.7 105.2 99.lt 9.7 9.8 11.9 ia.2 39.7 38.8
U9 116.0 lilt. 7 108.lt 10.3 9.5 9.0 51.5 lt9.2 lt7.8
56 122.2 122.9 ll6.lt 6.2 8.2 8.0 57.7 57.lt 55.8
63 129.U 130.8 12lt.lt 7.2 7.9 8.0 6it.9 65.3 63.8
70 138.3 138.0 127.2 8.9 7.2 2.8 73.8 72.5 66.6
77 ll4it.5 llt7.7 135.3 6.2 9.7 8.1 80.0 82.2 7lt.7
8U 150.0 155.lt lit2,l 5.5 7.7 6.8 85.5 89.9 81.5
91 159.ii 163.8 llt9.5 9.U 8.it 7.1t 9lt.9 98.3 88.9
98 170.it 173.8 156.5 u.o 10.0 7.0 105.9 108.3 95.9
105 176.3 I82.lt 166.2 5.9 8.6 9.7 111.8 116.9 105.6
112 182.8 190.3 175.1 6.5 7.9 8.9 118.3 12it.8 llit.5

Total

gain 118.3 12lt.8 llU.5

1.13 1.19 1.09

7.9 8.3 7.6
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Hftight gaine. The average weekly height gains are shoim in

Figure 7» There was no appzveiable difTerence between the groups at

112 days of age* The total height gains were 6,9, 6*5j and 6.6

for the 15, 10, and 7#5$ groups, respectively. The 15 and 10^ groups

■ade gains cosparable to those reported Bagsdale (78) as ^own in

Figure 7# the 7»5Si group lagged behind the other groups due to their
saaller seven-day beginning heights but not significantly so. Variation
in linear aeasurenent aay vary from 5 to 10^ and still bo considered

normal (78),

The average cuwilative gains of the 15, 10, and 7.55 groups were
2.7 inches for all groups from seven to 1^2 days of age. These consis
tent gains by an groups are clearly shown in Figure 7. There were no

statistically significant differences due to tnreed during this period.
Heart girth changes. The average weekly heart girth gains are

presented in Figure 6. An groups gained consistently and were below

the Bagsdale (78) standards but not significantly so. At the end of

the 105 day trial, all groups showed a close conqpariswi in total growth.
The total heart girth gains were 10.0, lO.J^, and 9.5 inches for the 15,
10, and 7.55 groups, respectively.

The average cumulative gain from seven to it2 days of age was 3.6
inches for the 15 and 7.55 groups and 3.5 inches for the 105 group.
These differences were not statisticany significant.

Milk consumption. The average total consiu^tion of recon

stituted milk from seven days to weasdng was it6l4, 325, and 21|6 lb.,
respectively for the 15, 10, and 7.55 groups. The milk solids consumed
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areraged U6«U, U8*7» and k9»2 lb* per calf in the respective groups*

Since all groups received approximately the same amount of solids,

there was no appreciable difference in nutritive value between the

various volumes of milk* The average weaning ages of all groups were

ea«g>arable* The l5i 10, and 7,$% groups averaged weaning ages of

U6*6, and US.T days, respectively. Difference in weaning ages caused

the differences in milk constuqption per calf. Two calves in the 10J(

group, weaned at 28 days each, were consuming one-fourth of all the

milk in this group* This accounted for the rapid drop in average milk

consumption per calf after the fourth week in the 10^ group*

Grain and hay consumption. The average total amount of grain

consumed by all groups was similar as shown in Table 9* The calves in

groups were consistent in grain con8ttBQ>tion« in accelerated in

crease in grain consumption (Figure 9) was made after the calves were

weaned at h2 to ii9 days of age* The average cumulative consxu^tion of

grain (Table 10) from one to h2 days of age was 35»9, 39*2, and 36*8 lb.

for the 15, 10, and 7*956 groups, respectively* These differences were

not statistically aignifioant*

The average cumulative hay oonsuBg>tion for all groups the first

U2 days waa 8*7, 8.1, and 6*3 lb. for the 15, 10, and 7*5$ groups,

rsspectively* Though these differences appear to be statistically

significant, the probability due to breed exceeded the $% level. The

average total consui^ition was 100.5> 106.1, and 86.6 lb., respectively*

The lag in hay consunqption by the 7*5>6 group ooctirz^d from the 9th

through the 12th week (Figure 10). When analysed statistically for
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Tabl« 9

Coag|)arleon of feed constu^qptioa when reconstituted gdlka were
fed at l$f 10f and of body weight and milk

solids were fed at !•$% of body weight

Av. milk consuaed kr. grain constuned kr, hay consaaed
when fed when milks fed when milks fed
— of — of — Jt of

Age body wt. body wt. body wt.
days 15% 10% 7.5% 15% lOjE 7,5% 15% 10% 7»5%

lb. lb. lb. lb. lb. lb. lb. lb. lb.

7 0.7 0,8 0.6 0.0 0.1 0.0
lU 70.14 51.0 35.1 1.6 2.3 I.I4 0.8 0.3 0.6
21 78.1 514.7 36.7 3.5 3.6 3.5 1.1 1.2 1.0
28 81t.3 58.14 39.9 6.9 5.9 7.6 I.I4 1.8 1.1

35 90,7 I47.5 142.6 10.3 11.8 10.9 3.1 2.5 1.8
h2 72.8 50.8 li7.5 12.9 114.8 12.8 2.3 2.2 1.8
h9 36.14 39.7 23.8 17.9 18.1 17.2 3.6 3.I4 2.3
56 19.2 22.9 16.2 21.2 20.6 20.6 I4.I4 3.9 1.8
63 12.1 I4.2 23.I4 23.1 23.9 I4.3 5.5 I4.2
70 23.2 25.6 214.6 5.8 8.0 I4.7
77 23.7 lli.U 214.7 8.3 IO.I4 I4.6
8U 214.9 26.7 25.1 9.2 11.1 6.I4
91 26.1 27.1 26.6 9.6 12.2 10.7
98 25.3 27.3 25.6 13.6 II4.3 II4.2
105 26.6 27.I4 26.7 16.0 ll4,0 II4.7
U2 26.14 27.1 26.6 17.0 15.2 15.7

Total lidU.O 325.0 2I46.2 27ii.6 286.6 278.14 100.5 106.1 86.6
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Table 10

ATerage cnBmlatlTa grain and hay eonsoB^tion idMn milks
vare fad at IS, 10» and T,S% of body waight

and eolida ware fed at 1»S%
of body weight

At. grain consumption
when Kilka fad

At. hay conaniQ>tion
when milks fad

— of — 9 of
Age body vt. body wt.
days iii 1051 1551 10* 7.55K

lb. lb. lb. lb. lb. lb.

7 0.7 0.8 0.6 0.0 0.1 0.0
Hi 2.3 3.1 2.0 0.8 O.li 0.6
21 9.8 6.7 5.5 1.9 1.6 1.6
28 12.7 12.6 13.1 3.3 3.1i 2.7
3$ 23.0 2li.ii 2ii.0 6.li 5.9 li.9
Ii2 39.9 39.2 36.8 8.7 8.1 6.3
h9 53.8 97.3 5ii.o 12.3 11.9 8.6
56 75.0 77.9 7U.6 16.7 I5.ii U.J*
63 98.ii 101.0 98.9 21.0 20.9 15.6
70 121.6 126.6 123.1 26.8 28.9 20.3
77 1U5.3 I5ii.0 1U7.8 35.1 39.3 2ii.9
81i 170.2 177.7 172.9 ltii.3 50.U 31.3
91 196.3 20U.B 199.5 93.9 62.6 12.0
98 221.6 232.1 229.1 67.9 76.9 56.2
109 2ii8.2 259.5 251.8 83.5 90.9 70.9
112 27ii.6 286,9 278.1i 100,9 106.1 86.6
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th« 105 day trial, th« dlTferencea dua to treatment were not atatistl*

eally significant, bat there was a highly significant diffexence (P • ,01)

dae to breeds.

The average hay con8U)gig}tion by all groups vas belov ehat vould

be expected nomally, Xhis is evidenced by the very lov consua^tioa

of hay by several calves representative of all groups. One from

the IS% group ate only 25,7 lb. during the entire trlal| one calf from

the 10* group ate only 30.2 lb., and one calf in the 7.5* group ate

ttaly 20,7 lb,, Ihese were the lowest, but several other calves from

all groups conswsed only slightly more hay than these.

As shown in Figure 10, the linear trend toward increased hay

coosui^tion, by all groups generally, began to rise several weeks after

weaning at about the 5th week. With the exception of the 7,5* group,

the groups continued an increased hay consumption until the end of

the trial.

Disease, All groups exhibited watery feces at various

■idiile on the eaiperimental milks, but incidence of diarrhea was not

sevsre in any of the groups. Incidence of scours was low and generally

divided among all groups. The 15 and 10* groups each had two calvee

notable for scours, and the 7.5* group had three. Only two of the nine

Holsteins of all groups were affected with diarrhea. During the latter

part of the sumaer, several of 'Uie small Jersey calves began to show

poor appetite for hay and grain, after they had been weaned from milk.

This resulted in weight losses accoapanied by diarrhea. The feces were
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dark brown^ and the calYee «|^ared sick. They were treated by the

University veterinarian with terraaycin and a aconrs rwwdy* In ad~

ditioni aureoayein sv^pleaMint (Anreofao) was fad with the grain (5 grass)

par day) until the calvaa began to recover* Four of these calves were

in the 7*5% group} one was in the 1^% group, and two were in the 10$

group*

One young Holstein calf with swollen ankles was placed under a

heat leap* The calf recovered after eeveral days without any serious

weight loss. There were no deaths in any of the groups.
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fiiamsios

Thii es^xlMtnt dtmonstrAtsd that heavy xailk feeding^ up to 15$

of body welghti) does not promote gmstrointestlnal tz*ouble in young

calves* ^y varying the volumes of milk and maintaining ̂ e same amount

of solids in all groups^ the higher Toluioes of milk apparently had no

effect on appetite, growth, diarrhea, or well being of the calf. These

findings are in agreement with McCullough, ct al, (60) idio reported

daily gains of 1.26, 1*U2, and 1*50 lb* when feeding whole '■<ik at 10,

lit, and 18$ of body weight, respectively* No intestinal disorders were

mentioned. Other studies (26, 30, it2, 5ii, lOlt, 110) have shown very

satisfactory results idxen large volumes of fluids are fed to the young

calf*

Except for breed differences in the weight gains, no statisti*

sally significant differences were found in growth gains in this study*

Only little difference mis found between the treatments in regard to

the calf's health and well being* With the exception of the total aver*

age consuBQjtion of hay by the 7*5$ group, all groupe coiunuukl nearly

equal amounts of feed. The fact that the 7*5$ group had the lowest

average daily gain and consumed lees hay than the other groups was not

believed to be due to treatment* The 7*5$ group received the smallest

volume of milk of all groups but the same solids. The smaller volume

of fluid intake would lead <me to expect the calf to eat more hay and

grain to fill their stomach* The 7*5$ group's failure to do this may

have been due to several factors* All calvea had access to fresh water
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at all tlnsa. Possibly tha group drank more than tha other groups^

and thus filled their stomachs. Conrersely, it is possible that they

failed to drink enough water. Aaqple water is very inqportant for the

ealf's entire physiology. Water, Just as bulk, helps distend the diges"

tive traot and renders digestion possible* Thus an insufficient intake

of water could cause constipation and a reduced appetite for hay and

grain. Another reason for this grtnqp's poor stwnrLng was evidently due

to their anch snaller hay consuoption per calf by the aajority of the

calves in the 7*^^ group. The differences in hay consunption were

probably not due to treatnent since the 7*5$ gro\q>*8 lag in consxuiption

occurred after the calves were all off milk. From one though k2 days

of age, there was not a statistically significant difference between

groups in regard to hay consusqption.

All groups produced smaller gains than would be normally ex

pected from the type of diet fed in this study. This was believed to

be due to the poor hay consunptlon by all groups and to several of the

older calves representing all grot^s becoming sick with diarrhea dur

ing the suasttr months. Seven of the older calves were affected with

diarrhea, including one from the 1$%$ two from the 10?^, and four frcua

the group. This resulted in weight losses, and loss of appetite.

Several of the calves were very slow in recovering. The exact cause of

the diarrhea by the older calves was not definitely determined. A

change frtmi grass-legume hay to legume hay occurred prior to the sick

ness, and thia may have been a major contributing factor. The diarrhea

continued even after a change back to another lot of graas-leguma hay.
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th« appMtuiee of th0 caIysBj generftUy 8p«aking, wfts rou^f

Howvrer^ during the allk feeding period^ rough hair coats are ex*

peeted idien calves are fed a lov*fat diet (27)• Though several of the

older calves representative of all groups eere undervelght^ the general

health and veil being of the calves v«re satisfactory. All calves

wro nonaal and above the Ragsdale (73) standards at waning (Figure 6).

Diarrhea vas not a stajor problea In any of the groups. Though the

feces wre softer while the calves wre on a reconstituted skla

dletf Incidence of scours was very low. Only two calves each fron the

15% and 10){ groups had scours that wre notable^r and the 7,5% had three*

A ccaig>arlson of three different levels of volune feeding under the con

ditions of this study Indicates that feeding large volums of fluid

may not be the cause of gastrointestinal disturbances and that calves

can be fed up to 15$ of bod(y weight without haraful results.



CHAPTER ?

EicPERiMsirr in, a comparison of the effects of feedinq an

EXTRACTED-FAT MUX REPLACEMENT WITH ONE CONTAINIMQ I^

FAT AMD n&m OR OHTSIDe PENS

EXPERIMENTAL PLANS AMD METHODS

This study was auids to eos^oars indoor pens with outdoor pens and

a minlSRW-fat milk replaeeaeat fo»ula with one containing enough milk

to furnish fat upon the growth, appetite, and well being of calTes.

The experiment began August 21, 19$ht and was completed August 1^, 19$^*

It was conducted at the University of Tenruissee Agricultural Experiment

Station at Xnoxvilla.

Animals* Normal Holstein and Jersey calves were assigned to one

of four groups, alternating to keep the groups balanced in regard to

breed, sex, and birth wei^t* The groups were divided and compared as

shown in Table 11.

Feeds. Milk and milk replacement formula (Table 12) wore fed at

19^ of body weight and 16,6% solids (1 lb. powder with $ lb. water).

The amount of milk fed was progreesively increaeed weekly for expected

ratee of gain for the respective breeds. The groupa receiving a

miniirom-'fat diet were fed the milk replacer unchanged. The other groups

were fed a mixture of three parts milk replacer with one part whole milk

ef lt% fat content to furnish 1^ butterfat. Milk fseding was stopped

when the Jersey calves reached 90 lb. and the Holstein calves 1^0 lb.
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Table 12

mik replaoemnt foranla for Sxperlnont III

Oonstltuent Xb.

Skin Bilk 600

Dried whey 200

SojTM flour, low fat, high quality I50

Dextroee ^0

Salt, iodized 5

Traee minerals^ 5

A and D aeal, stabilized^ 2.^
1002.5

*Mineral mixture lb,

OicaleiuB phosphate 15
Magnesium cax%>orate 8
Ferric citrate 1.18
Cupric sulfate .38
Manganese sulfate ,1(0
Cobalt chloride ,0U

25.0

^Contains 10,000 USP units of vit. A and 1250 DSP units of
Tit* D2 per gram*



 

 �
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Calf p«n». Tho e«lf pans maad to Masvor* tbo influane* of out->

door versus Inside pens were approxisately I4 ft. ly 6 ft. In «i«i*

tbe pent were too eaall to permit much exercise.

Records. The other experimental procedure involving management,

feeds (water, hay. grain), and records of sickness, feed eonsuBQ}tion.

and weekly growth measurement was the same as those shown in Experiment

I.

The analysis of variance method was used to determine if 8ta<'

tistically significant differenoes existed between groups.

I •• • 'i

•* tr . .r» !.r^ ■h.. 'v. . : •• • :,r ' ; ■

' ; . "r-- J . • . ■■ ■ ■ -I -
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RESULTS

Itelght gaini. Tba crcragt dally^ wittkly^ and total gains for

tlia four groups of aaeh brood (Bolstein and ̂ orsoy) are sunBarised in

Tables 13 and lU* The Jersey inside-ljC fat greiq> and the Holsteln

out8ide»lj( fat group shoved slight gains over the other groups for

the l6~veek trial. The average weekly cuaulatiTO gains are shovn in

Tables 15 and 16. The differenoes in euaulatlTe gains between the groTq}8

daring the allk feeding period (7 to b2 days} were not statistically

significant due to treatment, but there was a highly significant differ-

enee (P .01) due to breeds.

The average iS and no fat groups weekly gains of the respective

breeds are shown in Figuze 11. The 1% fat group of the Holsteins held

a slight edge ever the no fat group during the entire trial. Con

versely, the no fat Jersey group maintained a slight edge over the 1%

fat group most of the entire trial. The average total gain for the

Holsteln IS fat group was 167*1 lb*, and it was 159*7 lb. for the no

fat group. The average total gain for the Jersey 1]( fat group was

UO.O lb., and it was ll5*b lb. for the no fat group. All groups re-

aaiiMd above or closely proximated to the Ragsdale (78) standards

during the entire trial*

The average weekly gains of the inside and outside groups of the

respective breeds are shown in Figure 12. The linear growth trends by

all gxnups remained very closely proximated throughout imdst of the trial.

The Holsteln Inside gro\q> remained above the outside group the first six
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Table 13

Goaparlaon of weight gains of groups of Holstain calves fed
a Bilk replacement containixig no fat or 1$ fat

and housed in inside or outside pens

Age
days

Inside
no fat

Inside
1% fat

Outside
no fat

Outside
1% fat

lb. lb. lb. lb.

7 lO.li lii.2 13.8 9.0
Hi 10.6 6.0 8.7 11.0
21 8.2 12.2 3.9 6.6
28 8.6 lii.ii 8.1i 11.2
35 8.2 8.1i 9.2 7.8
Ii2 ••0.8 1.6 7.6 6.8
h9 8.ii 8.8 5.2 lli.6
56 11.0 7.0 7.1i 5.8
63 U.li 8.6 12.6 8.6
70 lO.li lO.li 9.6 9.6
77 6.6 9.1i 10.8 13.8
8U 15.2 12.ii 6.2 17.0
91 11.8 9.1t 17.0 9.2
98 8.ii 9.6 7.8 11.8
105 17.1i 12.2 -9.0 11.2
112 lii.2 2.6 26.6 6.2
119 8.8 7.ii 0.8 19.1i

Total
gain 170.8 I5li.6 12i8.6 179.6

At.

daily
l.liUgain 1.30 1.25 1.51

At.

weekly
gain 10.0 9.09 8.7ii 10.6
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Table Ik

Coaparlaon of velght gains of groups of tlarsoy ealTes fod
a Bilk roplaeensnt containing no fat or 1^ fat

and housed in inside or outside pens

ige Inside Inside Outside Outside
d^s no fat 1% fat no fat 1% fat

lb. lb. lb. lb.

7 k.7 7.0 5.5 1.7
ik 5.3 ii.5 U.8 5.8
21 ii.O li.8 3.5 3.5
28 5.0 7.5 U.7 6.0
35 5.ii 5.2 6.3 6.5
U2 8.0 5.3 -1.0 8.5
k9 -3.7 2.2 0.0 3.5
56 7.0 2.3 15.9 5.5
63 6.3 19.6 8.0 1.7
70 10.7 -5.3 6.5 11.0
77 6.3 9.7 8.5 li.O
8k k>7 9.0 1.5 5.8
91 9.3 9.0 12.0 5.0
98 8.7 8.0 8.5 8.2
105 3.3 9.6 7.5 7.8
112 11.7 9.1i 8.0 7.5
119 2li.3 15.3 9.5 5.0

Total
gain 121.0 123*1 109.8 97.0

At.

daily
gain 1.02 1.03 0.92 0.82

At.

veekly
gain 7.12 7.2li 6»1|.6 5.71



 

 

8T

Tabla 15

Coaparison of averago cuiralatlTe gains of groups of Holstsia
calves fed a milk replacement containing no fat or

15 fat and housed in inside or outside pens

Age Inside Inside Outside Outside
days no fat 15 fat no fat 15 fat

lb. lb. lb. lb.

7 10.lt lit.2 13.8 9.0

lit 21.0 20.2 22.5 20.0

21 29.2 32.lt 26.U 26.6
28 37.6 li6.8 3it.8 37.8
35 U6.0 55.2 UU.o U5.6
li2 lt5.2 56.8 51.6 52.lt
U9 53.6 65.6 56.8 67.0
56 61t.6 72.6 6h.2 72.8
63 76.0 81.2 76.8 8l.it
70 86.U 91.6 86.14 91.0

77 95.0 101.0 97.2 IOI4.8
8it 110,2 113 .it 103.14 121.8

91 122.0 122.8 I20.I4 131.0
98 130,li 132.it 128.2 II42.8
105 llt7.8 lltli.6 119.2 I5lt.0
112 162.0 llt7.2 II47.8 160.2
119 170.8 I5it.6 II48.6 179.6

t ^ - ■*
=• ^ H ^ i ' • i v."* » f . ^ ^4-\ « v! t- O . U 7 ^r V r tr • \y '-v.,/ ■■ t. ■ ■ '

\ X ', ' '■*
■

. *

iri I' • I I nh'- ■ ■---- <■ ' -' ■ ^ ■ .. . . .i- t .•- -.. ■ .-. n,f liiiiitf'' '



88

Tabl« 16

Gooparlson of crertgs (numlatlre gains of groups of Jorsey
ealTOB fed a ailk ropXaeeiMnt containing no fat or

fat and houaad in Inaido or outside pens

Age
days

Inside
no fat

Inside

15^ fat
Outside
no fat

Outside
1$ fat

lb* lb. lb. lb.

7 U.7 7.0 5.5 1.7
lit 10.0 11.5 10.3 7.5
21 llt.O 16.3 13.8 11.0

28 19.0 23.8 18.5 17.0

35 2lt.U 29.0 2lt.8 23.5
lt2 32.lt 3lt.3 23.8 32.0

lt9 28.7 36,5 23.9 35.5
56 35.7 38.8 39.8 la.o

63 Ua.o 58.U lt7.a it2.7
70 52.7 53.1 51t.3 53.7
77 59.0 62.8 62.8 57.7
81t 13.7 71.8 6it.3 63.5
91 73.0 80.8 76.3 68.5
98 81.7 88.8 Bit. 8 76.7
105 85.0 98.lt 92.3 81t.5
112 96.7 107.8 100.3 92.0

119 121.0 123.1 109.8 97.0
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iie«ks, but after this period very little difference can be noted be

tween any of the groups. The aTerage total gain for the Holstein in

side group was 162.7 Ib.^i and it was 16U.1 lb. for the outside group.

Though it appears that the Holstein inside group (Figure 12) made

eignificantly larger gains the first six weeks than the outside group,

these differences were not statistically significant. With the ex

ception of the outside Jersey group the last two weeks of the trial,

all groups Bade gains c<»q>arable to the Bagsdale (78) standards.

Gains in height at withers. The awerage cusulative gains from

sewen to it^2 days for the four groups of Holsteins were 2.6 and 2«1

inches, respectively, for the inside-no fat and 1% fat calves, and 2.]lt

and 2.3 inches, respectively, for the outside-no fat and 1^ fat calves.

The Jersey gains were 1.9 and 2.U inches for the inside-no fat and 1J(

fat calves and 1.3 and 1.6 inches for the outside-no fat and 1)( fat

calves, respectively. These differences were not statistically sig

nificant due to treatment but si^poificant (P .05) due to breed.

The weekly average hei^t gains of the 1% fat and no fat groups

(average of inside and outside gains) are presented in Figure 13. The

gains by all groups were consistent with little difference between

groups. With the exception of the Holstein no fat group, which had a

smaller beginning height than the other groups, all groups nade gains

coiqparable to those reported by Bagsdale (76). The total gains made

by the Holstein no fat group were 6.8 inches compared to 6.9 Inches of

the 1% fat group. The Jersey no fat group made total gains of 5*9

inches, and the 15 fat group, 5.6 inches.
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Am imekljr average height gains of the outside and Inslda groups

(average of no fat and fat) are shoim In Figure lit* Though the Rol*

stein outside group had a saaller beginning height than the inside

group, it aade larger total gains. The total gains were 7*1 and 6*^

inches, respectively. The Jersey inside group aade gaiius that exceeded

those of the outside group. Total gains wire 6*0 and 5*5 laches, re-

speetively. ifter the fifth week, the outside group diropped below the

inside grov^ and the Bagsdale (78) standards but not significantly so.

Heart eirth changes. The average euaulative gain aade by the

Holstein inside-no fat and 1^ fat groups (7 to h2 days) was 3*0 and

3*8 Inches, respectively. The outside groiqi aade gains of U.5 inches

for both the no fat and lv( fat groups. The Jersey calves inside had

euaulative gains of 2.8 and 3*8 inches for the no fat and lj( fat group,

and 2.1 and 3*7 inches for the outside*no fat and 2$ fat groups, re

spectively. Though these differences appear to be statistically sig

nificant, the differences due to breed and ration exceeded the

level of probability. The F values were 3*33 coapared to Snedecor's

ifO) li.20 for the level.

"Hw average weekly gains of the Ijl fat and no fat groups (average

gain of inside and outside groups) are presented in Figure 15* The Hol

stein 1^ fat group renained above the no fat group during the entire

trial but not significantly so. Little difference could be observed

between the Jersey groups. The average total gains of the Holstein no

fat group and 2% fat group were 11.^ and 12.0 inches, respectively.

The Jersey \% fat and no fat groups were 10,9 and lO.ii inches, re

spectively. All groups gained consistently. The Jersey calves had
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•aaller beglimlng heart girth MatareaBnte than the Ragadale (78)

atandarde and xemained below them throughout tlM trial* The Holsteln

ealToe did not greatly deriate from the standards*

The arerage tieekly gains of the inside and outside groupe (aver-

age of no fat and "iS fat) are shown in Figure 16. Eseept for the Jersey

Inside groupie inereased gains over the outside group from the 13th week*

little difference can be obserred between any of the groups. The sTsr*

age total gains of the Holstein outside and inside groups mv 12*2 and

11*7 inches, respectiTsly* The Jersey inside and outside groves made

total gains of 11.2 and 10*1 inches, respeotirely. All of the groups

beginning heart giirth measurements were smaller than Ragsdale*e (78)

which partly accounts for their being below the standards during most

of the trial.

Milk consumption. The average total coneuaption of milk replaeer

from seven days to weaning for the Holstein inside-no fat and 3^ fat

group was 7U7*0 and 53S»*9 lb., respectively. The outsido-no fat azid 1$

fat calves consumed 730.1 and 699*6 lb., respectively. The average age

at weaning for the respeotlve grotps was 93*6, U3*6, 92.8, and U8.8

days (Tables 17 and 18). The differenees in average total milk con-

BU]q;>tion per group were caused by differenees in weaning ages and birth

weights.

The Jersey inside-no fat and IS fat calves consumed an average

total of 1i36.9 and U30.6 lb., and the outside-no fat and 1^ fat calves,

397.1 and ii6U.? lb., respectively. The weaning ages for the respective
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fable 17

Coaparleon of feed consTauqptlon of groups of Holst«in
ealTss fed no fat or 1^ fat and housed

in Inside or outside pens

Inside
no fat

Inside
1% fat

Outside
no fat

Outside
IS fat

lb. lb. lb. lb«

MiUe 7lt7.0 535.9 730,1 659.6

At* age
veaned
(days) 53.6 ii3.6 52.8 U8.8

Grain 272.6 29U.3 272,5 285.3

Hay 175.3 177.3 155.9 17I4.7

- ; ■»

X

■-0K ■•

i 1

'V T: ■' • J. f

.;.S . > ;" _ ' -. . ■ ■ ■ - , [ ■ ■■ ■ ■ ' ■ ■-■/
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tabX0 18

CrasparlBon of food conouaptioa of groups of Jersey
ealTOB fed no fat or fat and housed

in inside or outside pens

Inside
no fat

Inside
1% fat

Outside
no fat

Outside
Ut fat

lb. lb. lb. lb.

MUk k36,9 1*30.8 397.1 1*61*.?

At* ego
veaned

(days) 1*5.3 1*5.0 1*6.5 1*8.7

Oraln 21*7.6 257.5 273.2 21*7.7

Hay 72.5 76.8 82.9 101.7

*'^4 .
•■■ ■ ■i

■ . »■ ■* ,

^ ^ V "'v; ^
. ^ "aw

; ' V '•
■'v»# .<
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groups ««rs k$»3» U6.5> and U8.7 days* Tbe longer milk feeding

period of the 1^ fat outside group led to a larger total milk con-

snMption.

Grain and hay consxaiption. The average total and average wMkly

euaulative grain con8Uii9)tlon of all groups are presented in Tables 19

and 20. The differences In grain conauaptlon from 7 to U2 days vere

not etatiatically eignifioant dtae to treatment. Dlffezenees due to

breed exceeded the level of probability.

The average weekly g»in eoneiisiption (average of inside and out*

side groups) of the IS fat and no fat groups is shown in Figure 17*

little difference can be observed between the Holstein groups until tte

ninth week. The 1^ fat groiqp ate more grain than the no fat group from

the ninth through the 15th week. This resulted in a slightly larger

total grain consumption by tte lj( fat group. Conversely^ the Jersey no

fat group consuesd more grain than the UC fat groi;^. This is clearly

shoim (Figure 17) ffcmi the fourth to the seventh week. With the ex

ception of the Jersey no fat group, which began eating grain early, all

groups accelerated grain eoxisui^tloa inereases at the sixth week.

The average weekly grain consumption (average of 1^ fat and no

fat groups) of the Inside and outside groups was similar as shown

(Figure 18). The Holstein inside group held a slight lead over the

outside group during the milk feeding period. Conversely, the Jersey

outside group ate more grain than the inside group through the milk

feeding peziod and to the eighth week.
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fabl« 19

Ayerage cuinalatiyo giraln oonsuaption of grotqpa of Holetain
ealyas fed a nllk replaeenent containing no fat or

1% fat and hotiaed in inside or outside pens

Age Inside Inside Outside Outsidi

dajs no fat 1^ fat no fat 1% fat

lb. lb. lb. lb.

7 0.1 0.1 0.1 0.1
Hi 0.8 o.U O.U 0.2

21 2.1 1.9 1.1 0.3
28 U.5 3.6 2.3 l.k
35 7.1 7.7 li.U h.9
Ji2 12.5 11.9 9.0 9.8
29 26.1 25.7 20.5 20.6
56 U5.2 li5.U 37.9 35.6
63 66.U 70.9 60,2 60.9
70 90.3 98.3 81i.6 88.8

77 llU.l 126.3 109.3 U6.8
Bk 138.1 15U.3 13i4.0 llUi.8
91 161.9 182.3 160.5 172.8
98 185.7 210.3 188.1 200.8
105 215.5 238.3 216.1 228.8
U2 2it3.5 266.3 2kh»l 256.3
119 272.6 29U.3 272.5 285.3



%oz

Table 20

Average cuimlatlve grain conBuaig>tlon of groups of horsey
ealves fed a milk replaeemsnt eontainlng no fat or

1^ fat and housed in ixuslde or outside pans

Age Inside Inside Outside Outside
days no fat IS fat no fat 1^ fat

lb. lb. lb. lb.

7 0.0 0.0 0.0 0.1
lit 0.5 0.2 0.3 O.lt
21 1.5 0.6 0.6 1.3
28 2.9 1.3 2.7 3.0
3$ 5.5 2.6 7.0 5.1
it2 8.1t 5.2 lit.5 9.3
lt9 13.lt lit.o 2lt.9 15.8

27.lt 28.3 ltO.5 28.5
63 it7.5 it9.3 60.0 lt7.9
70 69.0 70.lt 81.5 70.3
77 93.6 91.3 106.5 9lt.2
81t 118.5 116.8 132.8 118.7
91 litlt.3 lltlt.8 160.lt llt3.5
98 171.6 172.8 X8B.it 170.0
105 196.5 200.8 2l6.lt 195.7
U2 223.3 222.8 2ltlt.lt 222.0
119 2it7.6 257.5 273.lt 2lt7.2
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The aynngt total and arerage waekl^ oiOKlatlY« bay oonBuiqptlon

are pxeaanted in fables 21 and 22. The differences in bay consxoqption

from 7 to k2 days vsre not statistically significant due to treatment*

There iras a statistically significant difference (P • .0$) betveen

breeds.

The average veekly hay consnnption of the no fat and 1$ fat

groups (average of inside and outside groups) is shown in Figure 19.

The earlier and greater consui^Jtion by the Bolsteins can clearly be

seen* The Holstein Ut fat group consumed slightly larger total amounts

of hay the no fat group. This was also true with the Jersey groups.

The Holstein inside group slightly led the outside group until the Utth

week* The Jersey outside group maintained a consistent lead over the

inside group daring most of the entire trial. This is clearly shown in

Figure 20.

Btsease. Xneidenee of diarrhea was high and presented a problem

in all groups. Tea of the 20 Holstein calves were affected with scours.

Ten of the 15 Jersey calves had diarrhea that was notable. A breakdown

of all gTOups showed that the Holstein inside«»no fat and lj( fat calves

had four and two oases of diarrbesi respectively. The Holstein outside^

no fat and IS fat calves had two calves each with diarrhea. The Jersey

inside-no fat and 1$ fat calves had two calves each notable for diarrhea.

The Jersey outside-no fat and 1$ fat groups had three calves each af

fected with scours.

An average of all groups for comparison of the Ijt fat and no fat

groups showed that nine of the 18 calves and 11 of the 1? calves for the

respective groups had diarrhea.
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Tabla 21

Averaga cunulative hay coxisuaptloa of groups of Holsteln
ealres fed a milk replaeoMnt containing no fat or
iS fat and houeed In inside or outside pens

Age Inside Inside Outside Outside
days no fat 1^ fat no fat 1% fat

lb. lb. lb. lb.

7 0.0 0.1 0.1 0.0
Hi 0.1 0.2 0.0 0.1
21 O.li O.li 0.2 0.1
28 0.9 0.8 0.3 0.5
35 1.7 1.6 0.6 0.9
li2 3.1i 3.1i l.li 1.6
li9 5.7 6.U 3.1 3.0
56 9.2 9.0 5.2 ii.9
63 15.0 Hi. 2 8.9 8.9
70 22.2 22.5 lli.5 I5.ii
77 3ii.3 3ii.U 2li.7 26.5
8U ii9.2 li8.5 37.1 li0,9
91 67.3 68.7 53.1 59.1
96 88.5 90.9 7li.l 82.5
105 111,3 115.5 99.8 108.9
112 liiO.l lli2.Ji 126.3 136.8
119 175.3 177.3 155.9 I7ii.7
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Tabls 22

Average cunolative hay coosuiqptlon of groups of Jersey
calves fed a nllk replaoenent containing no fat or
1^ fat and housed in inside or outside pens

Age Inside Inside Outside Outside
days no fat 1% fat no fat 2$ fat

lb. lb. lb. lb.

7 0.0 0.0 0.0 0.0

lU 0.0 0.0 0.0 0.0

21 0.1 0.0 0.0 0.1

26 0.2 0.2 0.2 0.2

35 o.U 0,7 0.7 0.5
li2 0.7 0.9 l.it 1.1
U9 1.2 1.2 2.2 1.9
56 1.8 2.3 2.6 3.8
63 2.5 3.6 ii.7 5.7
70 li.6 5.9 10.2 9.7
77 7.2 8.7 IU.9 16.3
8U 11.2 13.2 18.2 2ii.9
91 17.0 20.1 25.7 35.9
98 2U.7 29.0 35.9 U9.U
105 35.6 U.l U7.0 63.1
112 52.0 56.8 61.9 80.3
119 72.5 76.8 82.9 101.7
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A coaaqparison of inside and outside groups showed that each group

had ten calves each affected with scours. 'Qie incidence was lover in

the Holstein calves than the Jerseys.

The calves sick with diarrhea were tzeated with a scours remedy

until recovery. Several of the calves in the outside pens becaee sick

with diarzhea and respiratory ailioents. The calves were treated with

penicillin by the University veterinarian. Three of the calves suc-

cuabed to diarrhea and probable pneuaionia. Two Jersey calves in the

otttside-no fat group died at the ages of 51 and 6lt days. One Jersey

calf in the inslde-l^ fat group died at $9 days of age.
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DISCUSSIOM

This e3q;)erlaentf to coapajf a miniann-fat xLlk raplaeeflMut to

one containing fat, and outaida pans to ineida pans, denonatrated

that thsra is no significant adrantaga in snpplenanting fat in tha

ailk replaear, or housing calves in outsida pans* Xxeapt for differ

ences due to breed, tha differences in growth gain batwaan groups ware

not statistically significant* Hone of tha groups rsprasenting a

specific traatnent nada spectacular gains, nor did any specific treat-

aant saaa to have negative growth results upon the calves in regard to

nutrition. These findings are in agraaaant with (htUickson, et al. (2?)

who fed a vezy fat-poor diet consisting of skia milk, a ooncentrata

mixture of ground nolassas, beet pulp, dry skim milk, starch, and

oarelose* Ho hay was fad, but colostrum was fad tha first several days.

Cod liver oil was supplamanted daily* Though the calves' hair coats

ware rough, their health was good. Average daily gains of 1*0? lb*

ware made* Other studies (16, 38, U2, 83t 105) have reported similar

iuccesB in rearing calves on low-fat diets*

The waight gains of all calves were above the Ragsdala (78)

standards at weaning (Figure 11) and remained near them throughout tha

trial* With tha exception of the slight lead by tha Bolstein calves

receiving tha ̂  fat ration, little difference can be detected between

tha other groups in regard to waight gains* Tha height and heart girth

gains were consistent in all groi^is. With the exception of the differ

ences due to Inreed, the differenees between groups were not statistically
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significant* Snaller beginning neaaureoents than those reported

Sagsdale accounted for sons of the groups renalning below the standards

(Figures 1U» 16)* None of the groups deriated significantly from the

standards*

A conparison of Inside and outside pens indicated little differ*

ence in regard to effects on growth (Figure 12). The differences be*

tween groups due to location during the milk feeding period were almost

negligible in the statistical analysis. At the end of the 16-«eek trial

however, the Holstein calves were able to tolerate the outside pens more

ably than the Jersey calves* This is indicated by a cfflopaxdson of the

total and average daily gains (Tables 13 and lit) of all groups* The

Jeraey calves in outside peas did not do as well as -Uie Holstein calves

in outside pens. This was probably due to the Jersey calves greater

susceptibility to respiratory ailsMnta and diarrhea than the Holstein

calves* Two of the Jersey calves in outside pens died, and one Jersey

calf in an inside pea died*

The diffe:renoes in milk replacer consumption were great between

breeds, but differences within the breeds were not large* The differ*

enoes between the breeds were due to differences in weaning weights,

and the larger quantities of milk fed to the Holateins on the basis

of body weight* The Holsteins were weaned at 150 lb. body wei|d)it, and

the Jerseys, lb«* Kie differences within the breeds were due to

differences in weaning agaa. Tha Holatain calvea recalving 1^ fat wera

weaned earlier than those receiving the mlnl«ng*fat diet. The average
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maaing «g«a ver* ii6»2 «ad 53*2 days respectively. The tlereey calves

receiving no fat supplement vere veaned before those receiving 1J( fat.

The average weaning ages vere h'$*9 and 1^6.8 days, respectively. Both

breeds in the inside pens wsre weaned earlier than the calves in out*

side pens. Average weaning ages for the Holsteln calves in the inside

and outside groups were U8.6 and $0.8 days, respectively^ and the

Jerseys vere U^.l and U7.6 days» respectively.

The differences in grain consumption between groups from 7 to

U2 days vere not statistically significant ttcept for breed, tbm

Holsteins eoneuned greater amounts than the Jerseys (Tables 19 and 20}•

Little differences can be observed between the Eolstein group's grain

eonsu»Q>tion until the eighth week (Figure 17)* The 1$ fat group ate

slightly more grain during the entire trial than the no fat group.

The Jersey no fat group consumed larger amounts of grain during the

milk feeding period than the lj( fat group. These differences were

not statistically significant. With the exception of the Jersey out

side group from the fourth to the seventh week, only little difference

can be observed between grain consumption of the IjC fat and no fat

groups (Figure 18). The most rapid increases In grain consuaqption

occurred Just before or after weaning at the sixth week in all Holsteln

groups and at the seventh week in the Jersey gewjpa.

The differences in hay con8uiq>tlon from 7 to U2 days were

not statistically significant except for breeds. The Holateins earlier

and larger hay eonsuB^tion than the Jerseys is shown in Tables 21 sad
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22* The fat grofups of both brooda held a slight lead over the no

fat groiipB during most of the entire trial (Figi\re 19). Differences

in hay eonsusption beteeen the Holstein inside and outside groups eere

Bisall* The differences in total hay consunption by the Jersey outside

groups are clearly shovn in Figure 20* The differences were larger in

the Jersey groups than the Bolstein groups*

Incidence of sickness and diarzhea vas a problem in all grmqps.

Sacidence of sickness vas lover in the Holstein groups than the Jersey

groups* The ration appeared to hare little effect em diarrhea* The

Bolsteins had six and four cases^ respecti-vely, in the no fat and IjS

fat groups. The Jerseys had five oases of diarrhea in each of the Ijf

fat and no fat groups* A eoaiparison of the inside azid outside pens in

dicated more trouble among the Jerseys than Holsteins when housed out

side* The Jersey ealres vere susceptible to respiratory ailments*

Tvo Jersey calves died of probable pneumonia and cenplications* (hie

Jersey calf housed inside died of diarrhea and probable pneimonia*

There vere no deaths in the Holstein groups* The &>l8tein inside and

outside groups had six and four oalTeSf respectively, notable for

diarrima. The Jersey groups had fo\u> and six calves, respectively,

notable for diarrhea in the inside and outside groups* The inclusion

of 1$% soya flour in the milk replacer nay have partly attributed to

the high incidence of diarrhea* Studies hy NoHer, et al. (70) have

shovn that young calves cannot digest vegetable ingredients as veil as

milk proteins* Thus more scouring vould be expected vhen the ndlk re-

placer contains vegetable ingredients*
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A coBQ>arl8on of feeding fat in a ailk replaeer vs. a mlrmiiw

fat ailk replaeer under the conditione of thie etucfy indicated there ie

no definite or significant advantage in supplenenting fat in the w<iir

z^plaoer. Though studies (ii3j UU) have shoim the calf's dietary need

for fat;^ the anoont re<pxired for the young calf to stake noraal gains has

not been determined* The results of this study and other studies (27)

indicate that only a very snaU amount of fat is needed in the calf's

ration*

A ccsqparison of inside and outside pens indicated no great ad

vantage of one over the other. Location of the calves had no significant

effect upon growth or appetite. The health and weU being of the Hd-

stein calves in both locations were alxait equal. The outside location

for the Jersey calves appeared to be conducive to respiratory ailments

and sickness. On the basis of the results of this study| and under

noraal conditions, it would seem ii»re feasible to house calves, especially

Jersey calves, inside.



CHAPTER YI

SCMMARI

ThrM experiments vere contacted to deteraine aere efficient

end econowlcel iwthods of celf raising* Experiment I was conducted

to determine the effects of feeding 10« 15* and 20% of solids

at 15^ of body weight upon the growth^ feed Intake and well being of

the calf. Experiment II was conducted to dstennine -Uie oo^jaratiTC

effect of feeding 10* 15, and 205 solids at 15, 10, 7*55 of body

weight, respectively, upon the growth, appetite, and gastrointestinal

disturbances of calves* Experiment III was directed to coapare a

mi ni—iw-fat milk replacer with one supplemented with 15 fat, and in*

side pens versus outside pens*

Hi^ly concentrated milks containing up to 205 total solids

and fed at 155 of body weight were tolerated by calves without any

iwticeably detrimental effects. Average daily gains for calves fed

10* 15* and 205 solids were 1*56* 1*59* and 1*53 lb** respectively*

The 10 and 155 groups made the most economical gains of the three groups*

The total amount of hay and grain consumed by all groups was practically

the same* Incidezuie of diarxhea was not severe in any of the groups*

Experiment II demonstrated that heavy milk feeding up to 155 of

the body weight does not promote gastrointestinal trouble. The amount

of feed consumed by all groups was practically the same with the ex;-'

caption of hay consumption by the 7#55 group. Hay conszixption for the

15* 10, and 7.55 groups was 100*5* 106.1, and 86.6 lb., respectively*
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Arerftgs dally gains for ths respsctlTs groups wsre 1*13* and

1.09 lb«» Incidenoo of scours was low and gsnerally diwidod anong

all groups*

Sxpsriwent III indicated that there is no significant advantage

in sui^lmenting a fatnuctracted silk replacewent with 1% fat or hous

ing calves in outside pens. The total and average daily gains of the

various groups are presented in Tables 13 and lli* The differences in

weight gains (luring the milk feeding period were not statistically

significant due to treatment* XhLfferences due to breed were sta

tistically significant for weight gains and hay ccaunuqition* The

differences in feed o<»)SU]i9:>tion amcaig the groups within the breeds

were not statistically significant*

The location of the calves had no significant effect upon growth

or appetite* The Jersey calves were not able to tolerate the outside

pens as well as Holstein calves* Two Jersey calves in outside pens and

one Jersey calf housed inside died of diarrhea and probable jmeumonia*

Incldkmee of diarrhea was hi^ and generally dividsd among all groups*
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