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CHAPTER I 

INTRODUCTION 

When the calf could nurse the cow and the farmer took what 

milk was left, few nutritional problems had to be contended with. 

When a good market for whole milk developed, dairymen began to 

use milk-replacer type feeds for calves, and many nutritional 

problems required attention. 

Most of the milk replacers are built around a milk product 

such as dried skim milk, dried buttermilk, or dried whey. These 

milk products may also be mixed with grain products and fed dry 

along with free access to hay and water. For younger calves the 

milk replacer is usually reconstituted to liquid form and fed from 

a bucket eqtiipped with a nipple. 

Much research work has been done to develop rations 

that are suitable for calves and to compare these rations to whole 

milk or other milk products. However, very few reports have 

appeared in the literature which compare milk fed as a liquid to 

the same product fed in the dry form. Evidence has been pre 

sented to show that most of the nursed liquid milk-by-passes the 

rumen via the eoophageal groove, but milk fed in a dry meal goes 

first into the rmnen. 

In the rumen the milk constituents coidd be changed in such 

a way that dry milk would differ nutritionally from milk fed as a 
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liquid. In this investigation a comparison has been made of the 

utilization of calciiun and phosphorus from reconstituted skim milk 

fed as a liquid with that from dry skim milk fed in a calf starter. 
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CHAPTER n 

REVIEW OF UTERATURE 

Chemical and Physical Properties of Dry Skim Mtlk 

Dried skim milk is a concentrated high quality feed for 

dairy calves. Some ofthe compounds and relationships in milk 

are unique and very beneficial in the nutrition of the calf(4« 5« 

14, 20, 21, 57). Dried skim milk contedns about 50 per cent 

lactose, 35 per cent protein, 8 per cent ash, <.5 per cent water, 

and a small amount offat{6, 21, 25). According to Thomas et al. 

(55)dried skim milk ui&y also contain varying amoimts offree 

fatty acids. 

Dry skim milk may be produced by either a spray or roller 

process, both of which employ heat(11). According to Jenness(21) 

the heat treatment ranges from 160 to 350®F in the spray process 

and 194to 270®F in the roller process. Either process affects 

the hy concentration of the milk constituents and chemical 

changes caused by heat. 

Jenness(21)stated that concentrating the milk solids greatly 

changes the colloidal and ionic systems in milk. Some of the 

changes are reversible and others are irreversible. The effects 

of the changes vany with the temperature used in the processing 

(2, 7, 18). 

3 



 \ 4 

In reports comparing raw and pasteurized milk(10, 11, 27) 

the heat treatment has very little effect on the nxrtritive value of 

milk. Comparisons of pasteurized and evaporated milk indicate 

that calciitm is as available(26)or slightly more available(51) 

from evaporated milk than from pasteurized milk. 

Reports by Bell(2)and Hill(18)agree that pasteurization 

temperatures have very little detrimental effect on milk, but they 

found that higher temperatures do have measurable effects. Hill 

(18)found that boiling cow's milk precipitated the calcium and 

phosphorus as calcium phosphates. 

Bell(2)studied the effect of various temperatures on the 

solubility of calcium and phosphorus in milk. Using the Pasteur-

Chamberland Filter and centrifuge speeds of 38,000 to 40,000 RPM, 

he found that heating fresh skim milk to 170°F or above caused a 

measurable loss of precipitated calcium salts. The amount of 

precipitate depended on the temperature of the heat treatment. 

From studies comparing reconstituted dried skim milk with 

fresh skim milk, there are definite indications that calcium and 

phosphorus are more available from the fresh milk product. 

Kramer(26)reported that both children and adults retained more 

calcium when it was supplied from fresh skim milk than from re 

constituted non-fat milk. In this work phosphorus followed the 

saxxie general trend as calcium. 

Trout(46)studied samples of non-fat dry milk and commer 

cially available fresh skim milk over a period of eight months. In 



5 

this study no sediment was noted in the fresh skim milk but only 

92 per cent of the milk solids were in solution when tested immedi 

ately after reconstituting the non-fat dry mUk. 

According to Jenness(21)the calcimn salts go back into 

the reconstituted system slowly and are more soluble in cold than 

in warm solutions. Reports by Danniels and Loughlin(7)and Hill 

(18)indicated that the precipitation of calcium salts from recon 

stituted milk may lower the calcium content enough to cause 

deficiency symptoms to develop in calves fed the milk. 

Savage and Crawford(41)observed calves with weak backs 

and other rachitic conditions fed calf starter containing as much as 

22 per cent dried skim milk. They could prevent the rachitic 

symptoms by adding cod liver oil, steamed bone meal, or groxmd 

limestone to the starter. These reports indicate that even if the 

insoluble salts were injested. in the dry form, they were not 

utilized efficiently. 

In Hill's(18)report, it was stated that the loss of calcium 

salts caused a softer curd toform in the calf stomach and some of 

the other nutrients in the milk were more easily digested. 

In the very yoimg rvuninant fed an all liquid diet, essentially 

all of the milk by-passes the rumen. As the calf grows and begins 

to eat solid feeds, the esophageal groove begins its ftuiction of 
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letting some feed enter the nunen and directing other feed to the 

true stomach. In describing the esophageal groove Dukes(8) 

stated: 

The esophageal groove functions as a conduit clo 
sure for milk or water on the way to the reticulo-
oruasal orifice. The reflex by which the groove is 
closed has been thought to diminish in sha]:*pne8s as 
the animal matures. . . The shift from the sucking 
desire to the thirst desire is significant in the mechanics 
of the esophageal groove. 

When a calf's feed includes milk, calf starter, and hay, 

the volume of the rmuen liquor increases progressively with age 

(42). Normally very little, if any, milk taken from a nipple enters 

the rumen(42, 52, 53, 54)and the amount does not increase with 

age (42). 

Wise(52)obsezved that solid feeds such as grain and hay 

do not stimulate the closure of the esophageal groove. Other 

workers agreed on the course of the solid foods, but there has 

been some disagreement about the course of liquids drunk from 

an open padl(42, 53, 54). Wise(53)found that about 50 per cent 

of the milk taken from an open pail entered the rumen. 

In the two metiiods of feeding milk, via nipple or open pail, 

the position of the head is different but this has no effect on the 

function of the esof^geal groove.(8, 52, 54). 

Functional Development of the Rumen 

Preston(38)criticized the prolonged use of liquids in the 

calf's ration because liquid feeds delay development of the rumen 
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by stimulating the operation of the esophageal groove and allowing 

more feed to bypass the rumen. He agreed with other workers 

(23, 44)that mature type rumen fermentation results In the 

synthesis of large qxiantlties of B>complex vitamins, as well as 

the formation of amlno acids and good-quality protein from ordi 

nary soTirces. Development of adult type rumen function is 

governed not so much by age as by the rate at which the calfleams 

to eat solid foods. 

Kesler(23)studied calves fed milk, grain, and hay and 

fotmd normal adult type rumen contents at six weeks of age. 

Harris(15)gave these criteria for evaluating rumen 

function In calves: the ability to digest cellulose, type of bacteria, 

rumen acid production, bacterial population, or number of pro 

tozoa. The fermentative action In the rumen could account for 

any differences In the utilization of milk fed In the dry or liquid 

form. 

According to V/ood(57)much of the lactose entering the 

rumen Is converted to volatile fatty acids(VFA)which are high in 

proplonic acid. Hershberger(17)found that acetic and proplonlc 

acids were produced from lactose in approximately the same pro 

portions. In his work, starch, maltose, or glucose Increased In 

vitro cellulose digestion. However, additions of alanlne, -

ketoglutarate and lactose, decreased cellulose digestion. All of 

the additives except alanlne increased the formation of VFA. J^ac-

tose may lower the pH enough to Inhibit cellulose digestion(1, 57). 
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•Riere are reports Indicating that either changes in the diet 

(9, 12, 30, 34)or ruininal destruction of carbohydrates(36) may 

be responsible for the increased level of blood fatty acids and 

reduced level of blood glucose in the young calf. 

McCandless(34)studied a number of young ruminants with 

respect to blood glucose changes. The first week the small animals 

were fed from their dam's milk, then they were switched to calf 

starter and hay. At 10 days of age the average blood glucose level 

was 97 milligrams per 100 milliliters of blood. During the next 

foia* ten-Klay periods the levels dropped to 85, 80, 77 and 61 

milligrams per 100 milliliters, respectively. They stated that the 

glycemic levels were inversely related to the size and functional 

development of the rumen. 

Lupien et al.(30)found that neither the rumen development 

nor the dietary changes caused the blood glucose and fatty acid 

levels to change. They worked with calves that had the rumen, 

reticulum, omasum and proximal third of the abomasun:removed. 

The calves, including the controls, were also splenectomized and 

the vagus nerve was severed. The gastrecto ny of the three to four-

week-old calves had no eiUect on the declining glucose level and 

there was a steady rise in blood fatty acids. Other factors which 

they suggest might cause the blood changes are a deficiency of the 

adrenal-pituitary mechanism in the ruminant or disappearance of 

glucose from the red blood cells. 
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Changes in the Feed Material in the Abomasum 

Before the "ruminated" milk enters the abomasum it has 

been mixed thorou^ily with other feed ingredients, changed by 

rumen microorganisms, and some of it has been absorbed. The 

nature and consistency of this material is probably quite different 

from the curd that forms when liquid milk first enters the abomasum. 

According to Kesler et al.(23)the pH of the abomasum con 

tents is 3.4 to 4.0. The rennin and acid coag\ilate the casein and 

probably dissolve most of the calcium salts into the ionic form, as 

reported by Charley et al. (5). 

Digestion and Absorption in the Small Intestine 

The nuTiinated ingesta entering the small intestine has lost 

a larger part of its lactose and is higher in VFA than ingesta from 

rations in which liquid milk was fed (57). The water part of the 

liquid milk may have an effect on the consistency of the ingesta. 

ivlarcuas(32)has shown with rats that liquid type feeds 

move through the gastrointestinal tract at different rates than do 

solid type feeds. They found that liquid left the stomach faster and 

was absorbed quicker than dry feed materials. However, both 

materials reached the caecmu at the same time. 

According to Charley and Saltman(5)the high acid materials 

entering the small intestine gradually become less acid as they move 

through the intestine. They assumed that as the pH rises, the free 
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Ca++ may be attached to lactose or amino acids and be absorbed 

or form insoluble complexes with CO3, PO4. acetate or other 

fatty acids. At this stage much of the protein is broken down and 

the amino acids can aid in calciiim and phosphoznis utilization. 

Lyaine acts similar to lactose to enhance calcium absorption, 

according to Lengemann(23). 

Koroda(23)fovmd that proteins high in glycine, histidine, 

and arginine, such as serum albumin, gelatin, milk and fish pro 

tein, increased the absorption of calciuxxi from the small intestine. 

However, proteins high in threonine, glutarnic and aspartic acids, 

such as oval-albuiixin, legumln and wheat protein, slightly inhibited 

calcium absorption. 

Effect of Lactose and other Carbohydrates on Calclu:u ai^ 

Evidence has been pi^eseated earlier that a large partof the 

lactose that enters the rumen is converted to VFA(3, 17, 20, 57). 

Fournier(12)noted that lactose fed to young rats caused hyper 

trophy of the caecum, which led him to believe that the increased 

acid production might cause the increased calcium absorption. 

However, when he removed the caecum from part of the rats, the 

group fed lactose still absorbed and retained more calcium. Re 

moval of the caecuin did not modify the effect of lactose. 

Other workers(1, 3, 14, 21)attribute the effect of fatty 

acids to a lower pH which makes the calcium and phosphorus more 
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soluble and thus more available to be absorbed. Lactose is more 

difficult to hydrolyae and the bacteria that digest it favor a lower 

pH than the bacteria that digest other carbohydrates(37). 

Most of the workers who have compared lactose with other 

carbohydrates have agreed that lactose is the most effective in 

enhancing calcium absorption(3. 14, 20, 57). Vaughn(48)stated 

that lactose owes its effect on calciiun absorption to the fact that 

it is slowly absorbed and is available throughout the small intestine 

whereas other carbyhydrates are absorbed more rapidly. 

Charley and Saltman(5)maintained that the method by which 

lactose affects calcimu and phosphorus absorption cannot be explained 

by the intestinal microflora, infliience on pH, or higher osmotic 

pressure. They assumed that the is boxuid directly to the 

lactose and transported by sites on or in the mucosal membrane.. 

Vvhether the complex is transported through the biological mem 

brane or serves as a metal ion buffer to maintain Ca*"^ in a form 

readily available for transfer is not Known. They did find that the 

molar ratio of lactose to Ca'*"*' must be 40:1 to prevent the appear 

ance of calcium precipitates for extended periods of time in vitro. 

langemann(28)and Jenness(2i)cited work by Fournier 

indicating that lactose has more effect on calciuxn utilization than 

that associated with absorption. Fournier believed that the struc 

ture of the lactose molecule is inipoitaut and that it has a specific 

action on the bone ceU in the metabolism of calcium. 
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Lengemann(28)conducted experiments designed to test 

many of the theories on the effect of lactose on calcium absorp 

tion. He found when lactose is placed in the gastrointestinal tract 

with calciUiU, it has a remarkable ability to stimulate calcium 

absorption. However, lactose placed in an adjacent, ligated section 

of the small intestine, to the calcium dose,or lactose injected 

lotraperitonefldly had no effect on calcium absorption. 

Tofurther support the idea that lactose acts only in absorp 

tion Lengemann cultured embryo chick bones in 0, 10"^, lO"'^ jn 

solutions of lactose for 24 hours and seven-day periods. The lactose 

caused no difference in Ca'^^ uptake by the bones. He concluded that 

the lactose must be present with the calcium at the area of intes 

tinal absorption to stimulate uptake. 

Many workers have referred to an effect of lactose on 

phosphorus absorption but do not give it as much attention as 

calcium absorption. Bergein(3)studied the effect of different 

sugars on calcium and phosphorus absorption. He found the effect 

on phosphorus to be less than on calcium absorption and in some 

cases phosphorus absorption was not stimulated by the carbohydrate. 

Other reports(26, 39, 56)agree that the effect on phosphorus 

absorption is not as great as the effect on calcium. 

Some work has been reported(3, 41)comparing lactose 

fed with and without vitamin D. Lactose cannot replace vitamin D 

but it may be very beneficial if the vitamin D is low in the ration. 
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The Supply of Calcium and PhOBPhorus In Calf Rations 

Milk and milk products are high in calcium and phosphorus 

whichj with the aid of the other properties of milk, are in the most 

available form for the calf(4, 16, 33). Most oithe many calf rations 

recommened in the literature {22, 24, 37, 41)Include milk products, 

which is very desirable from this standpoint. These rations also 

contain a large number of other ingredients in an attempt to formu 

late a highly digestible feed that will meet the calf's requirements. 

According to Harper(14)the amoiuit of calcium absorbed 

into the body is affected by the body's needs, the amount supplied, 

the kind offood that supplies it, and the speed with which the food 

passes through the gastrointestinal tract. 

Hansard et al.(13)found that the efficiency with which the 

calf used calcium decreased markedly with age. In his report a 

ten-day-old calf retained 98 per cent of its dietary calcium; 

whereas a six-month-old calf retained only S3 per cent. In the 

young calf almost all of the absorbed calcium was retained but in 

the older animal a large part of it was re-excreted into the gut. 

They calculated that the maintenance requirement of the ten-day-

old calf was one-half gram of calcium per hundred pounds body 

weight per day. For six-months-old and older cattle the main 

tenance requirement was two grams per hundred ];x>imds body 

weight per day. 
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Wentv orth et al.(49)working with three- to slx-iaonth-old 

calves, found that five grams of calcium per day gave normal 

growth rates. However, for mayimum mineralization, nine grama 

or more ware required per day. Hughes and Cave(19)agreed with 

these values, as their eight-week old calves retained an average of 

eight grams of calcium and u.3 grams of phosphorus per day. 

maynard and l^osli(33)recommended 4, 7, 12 and 13 grams 

of calcium per day and 3, 6, 8 and 11 grams of phosphorus for 30, 

100, 150 and 200 poimd calves, respectively. Calves fed a liberal 

amount of milk or milk product, good quality legume hay, and some 

concentrates should have £m ample supply of calciuii^ and phosphonis. 

They stated that only in the case of a limited supply of one or both 

of the minerals sho\ild the level of lactose or the form of the milk 

be practically important in supplying the calf with adequate calcium 

and phosphorus. 

t. 

. . . . 
. ' ■» ' 

■vy;, 
,y ; • 

y : 

•v" . ' 

. .. 

- • 

. -

• 

• ; ■ 

^ 

; .-.yV 
■ ■ . ^ 

. ■ . ■ 
•'.•Vw ■ 

' f-
■ 

'V'' 

■y' y. 

L" ■ ■ 

v''— , " ■ 
l-i'" 

-
Kr* 

■ ■ 
"i 

,
•». : K'-

■ . ' 
. 

: 
. 

; ' 
\ 

■ 
^ 

• 
\ 

• ■ 
' V ' i 

' 



CH/iPTER m 

lViATEi.lL\L,3 AM3IviETHODS 

This investigation was conducted with HoXstein calves from 

the University of Tennessee dairy herd at Knoxville. Part of the 

calves used for calcium mid phosphorus utilization studies were 

simultaneously used in a study of protein utilization. The growth 

and balance experiments with those calves were conducted as the 

fii'st phase of txiis investigation. The second phase was a comp>ari*» 

son of liquid and dry milk on low calcium rations. 

Feedln»it and Management 

In the first phase, 47 calves were fed starters which varied 

in protein content, but which were adequate in calcium and phos-

phoxTis. The calcium and phosphorus balances conducted in this 

pliase included 21 male calves. Eight male calves were used in 

the second phase of the investigation. In this phase groups L and 

M were fed low calciom rations specifically to study the utiliza 

tion of calcium and phosphorus from liquid and dry milk. 

The calves originally were assigned to groups on the basis 

of their 7-day weights. The first 2H days were used as a prelimi-

nazy period. They were kept with their damsfor two days then 

moved to individual stalls. The ihiliv feediiig schedule was: 

colostruu aiid v/hole uiilk for the first seven days, ten pounds of 

15 
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r«con8tltut«d(1:10)tkim milk per calf par dayfor the second veek, 

12 pounds for the third week and 14 pounds per calf per day for the 

fourth week. The calves had free access to water and hay. and 

were fed up to four poimds of starter per day dvudng the preliminary 

period. After the experimental rations were started, water was 

available at all times and ground hay was fed as part of the starter 

mix. Liquid milk was fed to groups 9 and 11 to equal about 20 per 

cent ofthe total dry matter intake. The hay used was mostly grass 

because of its lower protein content. The formulas of the starters 

ttsed in the first study are given in Table I. Group 7 was a control 

groi^ which was not fed any milk during the experimental period. 

Groups L and M were made up from calves that had finished 

a different experiment at 91 days of age. They were fed the low 

calcium starters described in Table Ufrom 92 to 120 days of age. 

The first three weeks were used as a preliminary period and the 

last week as the collection period. Group L was fed ten pounds 

per day of reconstituted (1:10)skim milk to supply 16 per cent of 

the dry feed allowance. Most of the calcium supplied by these two 

starters came from milk. 

The calves fed starters 7. 8, 9, 10 and 11 were weighed and 

measured for heart girth and height at withers each week to record 

the growth responses from seven days to 105 days of age. 

Four male calves were selected from each group to use in 

the balance study. The ages of the calves during the collection 
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TABUBB 

FOKMULASOF THE IjOW CALCIBM STARTER8 
FED TO QRODPS LAND M 

Ingrtdirata M 

(jpouadJ la xnlx) 

Coramaal 865 565 

Qroaad oat atraw 130 ISO 

Comflntaa maal 42 42 
i 

Salt 8 8 

Vltamina A and D 5 5 

Dry akim milk *»*i«»a 143 

Total pounda 750 893 

^SUvtar L. waa aiqtplamcntad with racoaatitutad akim milk to 
aiqqpljr 18 per cent <rf tlM dry Caad aUowanca. 
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period varied from 80 to 90 days for groups 7, 8, 9, 10 and 11, 

and 113 to 120 days for groups L and M. 

For the balance study the calves were placed in metabolism 

crates for a three-day adjustment period, and this was followed by 

a six-day collection period. Feces and urine were collected and 

weighed once daily. Each collection day a representative sample 

of the feces was sealed in a glass jar and frozen. A 5 per cent 

aliquot of the daily urine collection was taken and added to the 

composite urine sample which was kept in a refrigerator. At the 

end of the collection period, a 5 per cent aliquot of each daily collec 

tion offeces was composited from each calf. This was weighed, 

oven dried, and then left to equilibrate in air to obtain the air-dry 

feces weight. The urine composite of each calf was diluted to 

one liter with distilled water. 

Chemical Analysis 

The feed, feces, and urine saunples were analyzed for 

calcium and phosphorus by a method described by Lyke(31). All 

of the analyses were made in duplicate for each sample. The virine 

samites were prepared for analysis by evaporating 20-milliliter 

portions in crucibles containing a piece of filter paper. The dry 

skim milk, starter and air-dried feces samples were weighed into 

crucibles as two-gram samples. All of the samples were ashed at 

600 degrees Centigrade for 12 hours. A piece of filter paper was 
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mM••a control wiHitlM iiriiii* Tho Mhfrom each sample 

was dUuK^ved ta aiz normal hydrochloric acid and diltded to 25 

milliliters with distilled water. 

For phosphorus analysis one miUiUter ofthe original 25 

inilliliters was diluted 1:200 and a O-^milUliter portion of this wae 

placed in a colorimeter tuhe. To this was added 9.9 mllliUters 

ai distilled water« one milUUter of melyhftte acid reagent, and 0.4 

milliUter of l-amino-2-naphthol-4-0ulfonlc acid reagent. After 

20 minutes reaction time, the corrected transmission at 660 waa 

determined. The percentage phosidmnis in the eample wae cal 

culated from a standard curre of phosphorus values. 

The calcium analysis was made on the origlaal 25 mUllUters 

using S-'mUlUiter porttonsfrom thefeed end leces eemples and 20« 

milliliter aliquole from the urine Mmples. The eelcium was pre 

cipitated as calcium oxalate. dissolved in 10 per cent sulfuric acid 

and titrated with standardised(0.02N)potassium permanganate 

(KMnO4). The titrsdlcn with KM^O^vaM cheeked against a standard 

calcium sduticm. 

ProKixnalanalyses(29)wert made ofaU ofthe food and 

feeoa samples. The eoeffieteids ofapperoni digoatlhllity wore 

calculated for each calf. 

The average daily gains of all calves used in the balance 

study were calculated for the three-week period including tlm coUee-

tlon period. Correlation coeffleienta wore calculated betwewaevexum^e 
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daily gaina and calcium rctairtion aa mlUigrama of ealelum 

rataiiuKi. 

Analysla of yariaaaa aa onMlmd Iqr Saadaoor(481, waa 

oaadfo eempara tha calcium and plioaphorua ratantion Aram Uqpdd 

ya. dry eklm milk and aigli va. low calcium inlaka. Tha analyaia 

waa mada oomparlxkg all ealvwa an liquid or dry milk for tha formar 

and only tha ealvaa cm low calcium iataka for tha latter. 

.r 'I:' 

■ ■ ■■ > ■ ■ ■ 
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CHAPTERIV 

RESULTS 

*^1 \}>» Startere 

The reaiilte of the proximal* aaaljraii ofthe atartera ere 

given in Tahle m. The percentage of calcium and phosphonia and 

the ratio of ealoium to i^ioephorua in the etarters are alao flT«a. 

Staxiera 7, 8« 11 and L were lew in calcium and phoafdmnia. 

Starter 7 waa uaed aa alow protein baaal ration and atartera 9» 

11 and L were aupplemented with liquid milk. 

Feed consumption and weigfal gains for the first phase of 

this Btud^are shown in Tahle IV aa averages for fiie grousM. Even 

thottf^the hay^ grata and milk ia atartera 8 and 10 ware mined 

together, the actual eonaumplioaa ofeach are given eeparelaly in 

the table to help ceznpare the differeed gretpi. The celvee fed 

Uqwld (groupff9and 11)could ceneume all of their enii 

leave part ofthe grain and hey mixture. The grovxpB fed dry milk 

(8and 10)had to eat aU otthe starter to get the zxfilk it ccmtained. 

The liquid milk fed wae limited aa cloeely aa poaaible to supply 

an axneuni equalto the dry mUk eoaeiamptimiia groiqie 8 and 10. 

Othrea fed fha dry milk, groups8and 10, consumed less 

totalfeed, 870.8 and 888.8 peuads, reapeetively, during the 

22 
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TABUS rr 

SUMMAltYOffsed consumption,qaxnsandfbbo 
EFFICIENCY FOR THESXPERIMENTAL PERIOD 

28 TO 91 DAYS 

glftirttr WHmliig 
8 9 10 11 

N«mt)»r of calves 8 8 11 12 

Grain fed(lb) 204.8 182.2 172.3 142.9 151.8 

Hay fed(lb) 51.2 54.0 43.1 47.7 50.6 

Milk fed, dry basis(lb) 54.9 58.8 47.7 58.8 

Feed eonsvmpkien(lb) 298.0 270.2 274.2 238.8 361.2 

Gains(lb) 99.9 79.2 99.7 82.9 82*9 

Avera^ daily gain(lb) 0.99 1.28 1.52 1.01 1.22 

Poimds offeed per 
pound of gain(lb) 4.27 2.41 2.86 3.73 3.11 



•aqfNifimftiiua ptrlod IfaanfhoM Ml^nNi milk, tlm mptetiv* 

emiMmjptimiof dryf^td by girnqps•mid II ««« 274.3 tuid 381.3 

pmmd*. OfIbg totftl dryfMd eomiimitd. milk aeeoiantod for 54.0. 

58.8, 47.7 and 58.8 iwnmdji for gromps 8« 8* 10 and II, raspaotivaly. 

Nota that in aaoli eaao tbtgro^ltd Uquld milk tontomtd aoort 

milk tkaatkt grontpB ltd dry milk. Alto, whta tbttwotriala wtrt 

artragtd, tbt talvtt ltd milk att tISgbay mort BOB"*milk 

IngrtdUmta than the talrta fid dry mUk. Tk» blgbtr totalfood toA« 

tamptiea «aa probably aitimportantfactor la tbt laertaatd wtlgM 

gains ofthetal^s ltd liquid milk ovtr tboat ftd dry milk. 

Hit total wtighl gains for tbt iB"to 81«day ptriod, Tabit 

IV. pagt 34, wort 79.3, 95.7, 83.9 and 83.9 pounds for gmvpB 

8, 9, 10 and 11, rtspoctirtly. Wbaatbttotal gains wort eompartd 

by analysis of variaatt, tbt gainsfrom liquid milk wort hightr 

(P<0.Oilthan tbt gains oblaintd from dry milk. Tbtsummary cf 

tlui statistical analysis is givtn in Tablt V. 

TbtiMd eoosumptUm sad wtiid*t gains by groaqps 1. M 

vtrtsimilarto thost obtainsd lortbt otbtrfour groups <8, 9, 10 

and 11). Group Lccmsomtd sU^itly mortIttd, but botb groupt 

alt most oftbtir aix pounds(dry basis)dailyIttd tUowaaot. Tbt 

irtigbl gains lor groups L> and M srtragtd 1.40 and 1.08 pounds 

ptr day, rtspoctivtly. Thsso avtragt daily gains compartfavorably 

with tbt rttptctlvt 1.43 and 1.13avtragt daily gainsfor the liquid 

aad dry milk groups in tbt Ural pbast oftlds study. Boooftr, dus 
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TABLE Y 

AllALYSISOF VABlAlfaSSfnmARY: TOTALGABa 
OF CALVES WRILB ON EXPERIMENT, 

1961 ANU 1963 

Soiire« of l>ogr«o0 of Sums of F Tilido 
Voiioftioit Frood^ r*0.01 P»0.06Squoro* Vorioiiee Vtlooi,,-

Tctol 38 10,401 ■*—-

Yofur 1 1,879 1879 12. 8»* 7,56 4.17 

Milk Type 1 3,240 3840 22. 0** 7. 56 4.17 

Error Term 36 8,238 147 

,, V .J 
\ . 

r ,. .i V. • : ■ . ... . 'v.;■ ■ : - '• ^n: ' i'' or-' 
■c'' '" • Vv
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to tilt «m«ll nambor of eolvoo and tbo Tartoliott bttvMO oithrtf« 

tbo dilforoneo botwoon groa^ It fond M vtrtool otatiotioaUy 

oigntflcmnt ao abowa in TalEda VI. 

Tho calvoa in Qrovy>a 8, d, 10 and 11 wart mtaaurtd tach 

waak for baart girth and haight at wtthara. Tha waakly avaragaa 

lor tha Uqald and dry miUc gxtMqpa art gtvan In Taldla VU. Tha 

avaragaa includa 19 calvaa intha dry milk groupa and 20 ealvaa in 

tha Ugiild milk groupa. Tha eabraa la tha twotraatmaata wara about 

aqual attha S8«day maaauramaat. During tha 99«day axparlmantal 

pariod tha calvaa fad liquid milk graw an avaraga of 6.7 inchaa in 

heart girth while the calvaa fad dry milk graw only 5.8 Inches. The 

haight at withara hieraaaad in about tbui aama proportimi. 4.0 inchaa 

fortha liquid mUk group and 9.7inchaa fortha dry milk grovqp. 

Tha antra growtib <m tha liquid milk would ba axpaatad to hava 

a ralationahip to incraaaad calcium utilisation. Howavar* whantha 

average daily gainsforthe three-week period including the balance 

trial were correlatad with tha parcantaga of calcium ratainad. tlw 

coalfioiant^correlation(0.39)waa not alatiaticaUy aignifleant. 

Tha correlation coomdonl botwoon avaraga daily galna for tho aama 

partod and total mtUtgrama of ealdum ratainad waa only 0.19 which 

was not aignilicant at tha 10 par cant probabiUty level* 

A total of 39 mala ealvaa ware uaod latho halanoo atudioa* 31 

in tha firat phaea and dght tn tha second pbaao. The calvaa in tha 

r ^S -
iff' -A > 

^ /v.-
..V", 



TABLE VI 

ANALYSISOP VARIANCESUMMARY:WEIGHT GAINS 
OF CALVESIN EXPERIMENTAL GROUPS L AND M 

Source of Degrees of Suais of Mean P ^ 
Variation Fr—dom Sq<i»r»» Squar* Value P«6.0l P-0.05 

Total 7 

MilkTypa 1 18@ 180 2.01 35.12 10.13 

Batwooa Calvaa 3 217 72.2 0.81 29.48 9.28 

Error Term 3 269 
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TABLE Vn 

AVEBAGE HEART GIRTH AND HEIGHT AT WITHERSOF CALVES 
FED JjqVtD AND DRT MILK FROM 28 TO 81 DAYS 

1 tT^ 

Groups Groups Grotips Groups 
9 and 11 8and 19 0 and 11 8and 10Ag« (liquid) (dry) (liquid) (dry) 

(Dftya) 

t 30.8 29.580.5 88.9 

14 81.8 31.0 89.8 89.8 

at 8L7 31.4 29.9 89.4 

28 88.5 88.0 80.8 29.8 

85 38.2 88.2 80.7 30.8 

42 83.t 33.0 81.1 30.6 

49 34.4 38.6 31.4 30.7 

88 85.8 84.2 82.0 81.2 

88 88.1 88.0 82.4 81.8 

fO 88.8 85.8 82.9 82.0 

87.5 36.1 88.4 82.8 

84 88.1 87.0 83.8 82.8 

91 39.2 87.8 84.3 38.5 

98 89.9 88.9 84.8 38.7 

105 40.8 89.7 85.4 84.0 

28to 91 day 
loerMuios 8.7 5.8 4.0 3.7 
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ftnit itfiaM w«r« fid ratiwis whieli w«ri high la ealeium and ghM« 

{dtorui. In th« Mecmd phasa thi ration wai adequate in frtioaphoma 

but waa imrpoiely made low in calcium. The percentages of calcium 

and ^ospberus in each starter are given in Table in. page 23. Hie 

ratios of caleium to phosphoraa (Ca:P) were 1.38:1, 1.88:1, 2.05:1, 

1.86:1, 1.84:1, 0. 82:1 and 0.72:1 for starters T, 8, 8, 10, 11, L 

and M, When starter 8, 11 and L were eonreded for the iatahi oi 

liquid milk, the as-fed Ca:P ratios were calculated to he 1.92:1, 

1. 74:1 and 0. 73:1, respectively. 

The results of the balance trials are summarised in Table 

VUE. The total retention and ai^rtnt digeettbility were quite 

variable between calves. Whsn the group averages wars e<Mnpared, 

the liquid milk was slt^tly sufitiier to tbs dry milk for botii calcium 

and phMi^orus availability. However, when these dllfereaees were 

compared analysis of varianes. Table IX, X and XI, the differences 

between liquid and dry milk were not etstistieally signlfieant. 

The tetal retention of pheapherus was reduced (P <0.01) 

when lew calcium rations wsre fed. Hm retedioa of j^tosphorus 

fmr the hi|^ and low levels oi caleium intake averaged 4204 and 

3226 milligrams of phos|dtorus per day, reapeeUvelyi Ths par 

cent of calcium rstentioa waa slightly hlghsr mi ths low calcium 

rations hut ths milligrams oi caleium retained were greatly reduced 

(P <0.01) Tahio Xn. The low caleium groupe retained an average 

ef 8908 milligrams per day while the groi^ on hi^ calcium intake 
retained 6988 miUlgrams per calf per day. 
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TABUSIX 

AIiAL,irSIS OF VARXANCB SUMMARY: CALOXUM BALAHOI 
FOR AU-CALVSS CALCULATBD ON PER CENT 

OF CAjLCIUM iNTAiOB R3BTAINKD 

8eure« of Defr««c of Sum* of Moaa F F Toblo 
Voriatioa Froodom Squaroo Square Valoa P-O.Ol^^Tof" 

Tolal 24 Se08.5 

MUktype t 129.0 129.0 1.12 8.10 4.35 

Calcium lavol 1 203.8 208.8 1..38 8.10 4.85 

Errorttrm 22 8285.7 147.1 

.t. 

•> 

■-■i-

' 'r^.JS /■r': ' ''' 

*? ' 
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TABLE X 

ANALTI^OF VARIANCE SUMMARY: PHOSPHORtIS BALANCE 
FOR ALL CALVES CALCULATED ON PER CENT 

OF PHOSPHORtISINTAKE RETAINED 

Sourctt of Dogroes of Sums of Mooa F FTal^ 
Variation Freedooa Squaroo Squaz^s Valuo P«0.01 P^O.05 

Total 24 4468.6 

Milk type 1 328.3 328.2 8.53 8.10 4.83 

Caleiomlml 1 1340.5 1340.5 10.5S>M 8.10 4.35 

Eiwrtorm 22 2300.9 127.3 

. ■: iw ■ 

■ » < ■•„ 

: ■ ■tv.M;;: 

, . : . • 11 
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TABUBXI 

ANALYSIS OF VAIOANCE StJMMA:aY! CALatJM BALANCE 
FOR GROUFS L AND M 

Sourc* of Dogroos of Sum of F F Toblo 
Voriati4!Wi Freo4om Sqoaro VarUooo Volooo ip»0,01 P*0.06 

Total 7 1748. 81 

Milk typo 1 198. 80 198.80 0.89 84. 12 10.13 

Betwooii ealvas 3 879. 82 293.27 1.31 29. 46 9.38 

Error torm 3 870. 19 883.40 
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TABI^XC 

ANALYSISOF VARIANCE SUMMARY: CALCIUM BALANCE 
FOR ALL CALVES CALCULATED AS MILUGRAMS 

OF CALaUM RETAINED PER DAY 

Source of Degreee of Sumo of Meen F F Teble 
VariAtkm Freedom Squaree Square Value 3P*0.01 P^O.05 

Total 24 ISl.480,474 

MilklVP* I S«783,419 S«798«4i» 8.81 8.10 4.S& 

Calcium 
Level I 51,830,807 51,330,907 17.s/* 8.10 4.32 

ErrorTOrm 33 83,356,143 2,878,825 

<.s"* 
V A'.' 

vv. 

V.V 
• A -f, . . ;• '7 • ' . ' 

.♦* 



�  

 �
 �  

 

 

38 

Plg^tlhiUtY of Othmr Nufcy^i^ 

Co*mci«nts of digootibUity vm <»ltiri>tod fortho eilvo« la 

gro^Land M. 71m romOl* wofv tvoragod and mv proaoflitd la 

Tablo XHZ. TImo# data aliow tbat tho gemsm wart taaaiddally oqaa 

In thair abUity to dlfaat tha dllfaraat ratlana. Calvaa in group M 

wara allgbtty aapartar in tbalr abUltyto digaat emda fibar bid 

tbaaa in grovp L> wara aqual or sUghUy aiqpwrior In tbalr aldlity to 

digaat tho otbar nutrlonta. 
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TABUS xai 

AVERAGE APPAj^BNT DIGESTIBIUTY COEFFICIENTS 
FOR GROUPS L.AND M 

NttromMi 
Dry Ethftr Crud« Fre« Cmd* 

Ration Matter Satraet Fiber* Extract Prateln Aeb 

L 
<liquidl 

77.68 83.40 82. 78.24 75.08 83.82 

M 
<drymSlk) 7%i% 64.14 40.01 66.n 70.40 71.46 

* Crtxte fiber and nitrogen free extract averagee iadade onlytbree 
caleee. 

> 
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CHAPTERV 

tESCtJSSlON 

Tilt rtti;^* ofthU Invtttigtlioa ladictle that rtcoa<* 

■titiHtd tkim milk productd hi0mr calelim awl jiMh* 

pb»rwi btltaott ttea tht ttmt inrodiiet fad to ealvtt is tht drjr 

form. Tht rtoMm for thia dlfforoaeo It not olotr ottlitr from 

this oiqporlmoBt or roportt In Hit UHMraliirt. Tim fiot thiH Iho 

dry milk tntort tht rummi and la ehangtd by microlAcdogieal 

action whilt tht li<|iiid milk coot dlractly iueto tht abomaanm^ 

probably aoeomHa for moat of tht difftrtntoa. 

Aaotlitr £aeter that ahonld bt oonaidtrtd In favor of 

Uqsald mUk la tht addlticm to tht dlat 9t warm water In tho 

rooonatHvted mUk. Tht aznonnl of totel liqnida eoaaumtd may 

bt vary important for tht proptr fimctimi cd tht ealf« taptclally 

in cold weather when tht water aiipply la cold or froxen. 

Tht mort natural "ypfhod of tho talf tht 

mUk via adpplt may bt anothtr factor in favor of liquid milk 

ovor dry milk ovon in advorao eoiiditioaa« whortaa tho eon* 

aumptien of dry fooda may bo rtduood with a aubaotpMHit rt* 

ductlon In frowtbu Svidaaeo aa[^rting thia roaami la tht 

fact that whilt la tht mtiaboUam crate tha 13 calvta ltd liquid 

Sd 
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milk gained an average of 3.4 powadt wl^flb# 18 ealvee on dry 

lailk gained only 3.7 peunds per oaU* 

Ptefptiwtŷ  

Hut ooelZieiMie of aiipareflt diges|0;41it]r as staowa in 

Tables VOX and XXU, pages 31 and 87 respectively* are aland 

equallor the twoforms of milk. The difCerexuses that did 

occur were wBually tnfovor of the calves fed liquid milk. Diges* 

tibiUty of dry matter* <rther extract, and crude inroteln was aboid 

the earns for calves in grovpi Land M. Calvea in greiq> M 

digested crude fiber and altregen*free"«xtract slii^ly more 

elflcieBtly than did ealvee in group U The eactra proteia entering 

the rumen in the dry could have sttmuleted microblal digeS'** 

tlon oi cellxilose. The effect of protein probably counteracted the 

effect noted by Hershberyer et al. (17)that lactose lowers ceUu-

lose digestion. 

The higher nitregen^^reeHndraot digestildlity on the dry 

milk ration may he caused by the iaaUlity ofthe calfto digest 

lactose efficiently(1, S. 12, 14, 31, 3d, 57) the liquid milk 

raticm, whereas the rumen bacteria may have metaboUred most 

of the lactoee fed in the dryform(35, 67). 

Qroup I* digeeted ash and particular calcium and phosphorus 

more effieieatly than Group Ihis accounta for the higher dlgee* 

tibUUy and total retentioa of calcium and phoapherae on the liquid 

milk ration than on the dry miUk ration. Since a large part ofthe 
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calcium and phosphorus was suppiUsd la ths milk, «S|^laUyla 

groups U and M, most od thsss two minsrals by*passsd ths rumsa 

in the liquid milk whils in ths dry milk all oftbs nutrients were 

subjected to lermentation in the rumen. Any changes in the calcium 

and phosphorus in the rumen probably lowered its availability to the 

call since reports in the literature indicste that ths calcium and 

phosphorus in milk are in the most available forms(19, 83, 35, 68), 

When the minerals pass through the digestive tract via the 

mmoatheir aheorptioii le delayed in eompartsonto the minerals in 

the liquid milk thet fay*paesed the rumen. According to Harper(14) 

the speed with which the food passes through the digestive tract is 

very important in the ̂ Uisstion of calcium. In the rumen there 

was more time for insoluble salts and soaps with fatty acids to 

form, according to Charley and Saltman(5). The production of 

short chain fatty acids from lactose also reduces tlui amoimt of 

lactose entering the small intestines. Evidence has been presented 

indicating that the preeonce of large amomits of lactose in the small 

intestinss aids in calcium absorption. The presence of lactose 

probaUy hae more effect than the lower pE associated with organic 

acid production in the rumen. 

■Calcium and Phoenhornf BflgmTTt 

The 6,389 and 5,450 mlUigmms of enlclum end 4,828 and 

8,493 miUigmme of pbeephonte retained per calf each day on 

liquid and dry milk, reepecUTely (^ie VBD art in agreemtnl viih 
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til#(iig«#tibiUty dtiM oa th#two mlnofola. The total rotestloa for 

thoeo throo-mooth old calvee wore!•«« Humtho 8.0 grams of 

ealelum and 5.3 grama of pboaphorua rotaiacd by aighl menth old 

calvoa aa reported by Hughes and Care(10). However* the two 

mlnerala were retained in aboid the same proportion in the different 

age calves. 

The total lalake was ali^yhi^rfor both ealeium and 

phosphonts on the Itqpild mOfc ndles(11«891aad 8.805 milUgrams* 

fospeetiMy)than onthe dry mHk ration(10.848 and 8,900 miUi* 

grams, respectively). The higher reteatioa with increased Intake 

agrees with reports in the literature(13, 14. 4S). However, the 

greater efficiency of ealelum aad ptae^piiorus utilisation at the 

htgher intakes does not agree with the literature reports(4. 14. 

19. 99). The iadicstieas are that the calcium and pheaphemefrom 

liquid milk were eemparatively mmre available than from dry milk. 

Ontho low calcium rations tho poroentago of tha ealeium 

intake that waa digostod and retained waa hhfher than that on tiie 

adequate calcium levela. Tha total milUgrama of ealeium retained, 

hewever. were greetly reduced on the low ealeium intake. More 

efficient utilisation of celcium on the lower Intake would bo oxpoctod 

to bo groaterthan the 5.71 per cent nobtd. The hi|^ phoai^hMrua 

eottlenl in the lew caleiinn rations prshahly doeroasod tha utilisa* 

tion ot calcium(93). Alao. tiio low ealeium rotontioa tho 

calvos with an exeoaa of phosphorua, thim tho utilisation of phes* 

plioras was redueod. 
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Growth 

Incroiuitd gPOiwHk ©atho Uqui4 milk mlitii w«i ta 

rntnt wtth th« f#«d eooium^tiOfi and tmd tlficioaey data on tht 

dilferonS rations. Growth ratos on thoso liquid and dry mUk 

rationa wars equalto or slightly less than those reported in the 

literature(S5« 37, 40). 

Growth and feed latllieatlon on ration 7 was low aS would 

be saqpeoted. This wasa basal low*pr()4ein rationtVt contained 

no milk. The rssotts obtained from group 7are included in this 

report onlyfor comparison with the other rations which were more 

nearly adequate. 

The growth of the calves in heart girth and helj^^t at withers 

were greaterfor the calves fed liquid milk. This greater ffktlete! 

growth would be expected to cause an increased utilisation of 

calcium for bone formatlen. Thelow correlation between calcium 

utilization and average dally gains during the balance period may 

have been caused by the calves'response to the metabolism crates. 

Soms ofthe calves grew normally in the crate while edhers actually 

tost wei|^. This variable respome would upset the cerrelatton 

between growth and calcium utGizstlon. 
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CHAPTER VI 

fitnyritf4nvgjiPiwimx 

Dry skim milk wiyt t%d to Bolstein calv«a in dry Uiiidd 

formsfrom 23*- to dl-days «f*g» to oxm sxptslmoul and from 93* 

to 130*<tays toa socmMi osqMrimoiil. In tlis first sxiMirimoBtt 34 

calvos tod rscmistltiRsd sktoa mUk woro comparod to 33 calvosfad 

dry sktoa milk mixed to the starter. TiMee ealves were wei|^ie4 

and meaeared for heart(irth sad height at withers eaeh weak. Htoe 

of the malff ealves fed Uqaid aailh andel^ male calvesfed the dry 

milk loixtare were need toa dtgeettoa sad halaaiee etisiy. tothe 

aeeemteiq^idmeatfear male ealves tod liquid milk and four 

ealves fed dry mUk were compared for athree*week preliminary 

period and a cne*'week hatonoe study en low calcium lattoos. 

The totalfeed ooasumidioaforthe 38»to 91<Hiay period was 

ealsutotod and Mtoadown toto gt«to» hay, and <dryl milk eoasumed. 

to each greiq» the ealvee on liquid milk oonsamed more than thoeo on 

dry milk hut tho diltoroneoe wero not etatlsticaUy eigalficant at the 

5per cent level of prohahillty. For dry mUk, groups 8 and 10. ths 

rospective load requirod par pound of gain wars 3.41 and 3.73 pounda, 

whilo greiqps 9and 11 cm liquid milk leqidrsd mdy 8.88 and 3.11 

pousdscffood por poioid of gain. Ths 1.48 peuiids aversgs daily gato 

enths liquid mUk was highsriP<d,01)than ths 1,11 pounds arsrsgs 

daily gala on dry 

43 
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During tlM aa-to 91-slay taperliooniai poriod tho iMMtrt 

gxrtb inoruAfiod a.7 and ft.& inoboa and th« hoigbt at witbars 

iacraaoad 4.0 and 3.7 inahasfor ealvaa on liquid and dry 

roajpoetiraly. 

Tha groiqia fad dry and Uqidd mUk wara comparad for 

digaatiaA. paroantaga ratantioa« and total milligrams of calcium 

and pboapboruB ratainad. For aach factor tha groupsfad liquid 

milk wax^ slightly but not statistically significanUy(P>0.05) 

graabir than thoaa lad dxy milk. Groups JL and M in tha sacood 

pbaM vara fad low calcium ratioos that lowarad tha paroantaga 

of phosphorus rataatlan(P <0.01). Tha paroaalaga of calcium 

ratainad was slightly highar on tha low calcium rations but tha 

total milligrams of calcium ratainad wara graatly raduced(P<0.01). 

Tha d^(e8tibility of dry matlar. othar axtract. and cruda 

protein was about equalfor tho twoforms of mUk. Calvosfod dry 

milk digostod slightly more cruda fiber and nitrogan^fraaHMdraol 

thm did thoaa on Uqoid milk, C^vasfdd the liquid mUk rations 

ware higher in their apparent digastibility of ash, particularly 

oalcium and phoaphorus. 
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