COMPARISON OF PELLETED VERSUS LIQUID MILK

REPLACERS FOR DATIRY CALVES

By
, ERVIN CO%%ENTZ
‘Bachelor of Science
Oklahoma State University
Stillwater, Oklahoma

1965

Submitted to the faculty of the Graduate College
of the Oklahoma -State University
Cin partigl'fulfillment of the requirements
for the degree of
MASTER OF SCIENCE
July, 1967






OKLAHOMA
STATE UNIVERSITY
LIBRARY

JAN 'y 1968

3

[

R BT Se i e a
B T SO

COMPARISON OF PELLETED VERSUS LIQUID MILK

REPLACERS FOR DAIRY CALVES

Thesis Approved:

A B L

“Thesis Adviser

m4//<2Z;%97?%7?%awazjﬂ/&fczzyw”

7

Facu;%y’Representatlve

L) /)

" Dean -of the Graduate College

558415

ii



ACKNOWLEDGMENTS

The author wishes to express sincere appreciation to Dr. Linville
J. Bush for his competent advice, personal interest, encouragement, and
invaluable assistance during the course of this study and the prepara-
tion of this thesis.

Appreciation is also expressed to Dr. S. D. Musgrave, Head, Depart-
ment of Dairy Science, for his interest, counsel, and guidaﬁce in this
study and in all previous work. The author is grateful to Mr. Jack D.
Stout for his interest, suggestions, and assistance in the selection
and evaluation of the experimental animals.

The author is indebted to Dr. E. I. Williams and his staff for
their treatment of the experimental animals; to Mr. Otto Flesner for
care of the experimental animals; to Mr. John Cunningham, Mrs. Ann
Burk, and Mrs. Patty Johnson for their assistance with the laboratory
analyses in this study.

The author wishes to thank Mrs. Joan Neal for her work in the
typing and editing of this manuscript.

Special appreciation is expressed to the author's wife, Rosella,
for her sacrifice, aid, and encouragement during the course of this
graduate study and preparation of this thesis; to the author's parents,
Mr. and Mrs. Lloyd Coblentz and Mr. and Mrs. John M. Troyer for their
encouragement during this study.

The author is also grateful to Farmland Industries, Inc. for

providing funds for partial support of this research projéct.

iii



Chapter

TABLE OF CONTENTS

T. INTRODUCTION . v o ¢ ¢ « o ¢ s ¢ o o o o ¢ o o o o o o @

II. LITERATURE REVIEW ¢ « ¢ ¢ o ¢ ¢ ¢ o o o o o s o o o s o

Digestive Enzymes . ¢« « 4« 4 & ¢ s o o 5 ¢ o o a s
Utilization of Milk Substitutes .+ « o ¢ ¢ o o s o o
Development of the Rumen . . + v & ¢« ¢ o & o « « o .

Structural Development . . ¢ + & ¢ o o o o o
Microbial Development « o« « o ¢ o ¢ o ¢ « o o =
Metabolic Development « . . « « v « « o « « « &

Esophageal Groove Reflex . . . . .+ « ¢ o ¢« o« o o « &
Ruminal VFA Concentrations . + « « ¢ o o o « o & o &
Ruminal Lactic Acid Concentrations « o « ¢« o « « o .
Early Weaning SyStems « « « ¢« o &+ ¢ o o o ¢ s o o o
Pellet Acceptability « + ¢ ¢ ¢ o ¢ 5 o ¢ o o o o o o

IIT. EXPERIMENTAL PROCEDURE &« ¢ ¢ ¢ o « ¢ o o o o s o o o o @

Selection and Management of Calves + « « « o &+ « o o
Feeding Procedures « ¢ o o ¢ o s o o 2 6 ¢ o s & o o
Collection of Rumen Fluid Samples . . « . « .« + .
Determination of Total Ruminal VFA Concentrations

by Steam Distillation. s+ o« « o o« o ¢ o ¢ o o « o &
Determination of Ruminal VFA Concentrations by

Gas Chromatography o o o o « o o o 5 o o o o o o
Determination of Ruminal Lactic Acid Concentrations

IV. RESULTS AND DISCUSSION .« & « o ¢ s o o o o o o o o o o o

Feed Consumption . o o o 4 4 « o o o o o o s o o o &
Growth and Condition of Calves « ¢ « o« ¢ o ¢« o « o o
Individual and Total Ruminal VFA Concentrations . .
Ruminal Lactic Acid Concentrations and pH Values . .

V. SUMMARY AND CONCLUSIONS & + ¢ o o o o o s ¢ o 5 o o ¢ o

LITERATURE CITED . o +. & + « o 5 o o « o o o o s o o o s s o o @

APPENDIX .

€« o o e ¢ o . . ° ° . ¢ s ° . . o o e . . e @ o e @

iv

Page

® poW

12
13

15
16
19
24
25
27
27
28
32
32

33
35

40
40
48
55
60
67
69

76



Table
I,
IT1.
I1I.

A

Vi,

Vil,

VIII.

IX.

XI.
XII.
XIII.

X1v.

XVI.

XVI1I.

LIST OF TABLES

b

Calf Starter Ration o« o « o o o ¢ o o o+

Composition of Milk Replacer « . + « « o &

Standard VFA Solution: « ¢« ¢ o « o « o o &

Total Milk and Milk Replacer Consumption .

]

Average Weekly Consumption of Estimated Milk
Equ iva lent ® a o L] L] L) . L] [ ] L] L] L] o (] L]

Average

Consumption of Replacer and Starter by the Pelleted
Replacer Fed GCalves During the First Five Weeks

Average

General Thriftiness Ratings of Calves at Four and

Eight

Summary of the Average Weekly Estimated Protein and TDN

Weekly Calf Starter Consumption .

Weekly Weight Gains - o « « « o &

WeekS of Age e o e ¢ o o 8 o e edw

°

&
e

]

°

Consumed and Required by the Calves and the Per Cent
of Each in the Total Ration . o « « & o

Average Weekly Total Ruminal VFA :.Concentrations as
Determined by Steam Distillation + « « .«

Average Weekly Total Ruminal.VFA Cércentrations as .

.

Determined by Gas .Chromatography ¢ o« « « + « « o .

Average
Fluid

Average
Rumen

Average

Weekly Molar Percentages of VFA in the Rumen

. o o e & @ © e © o e o e o o e o

Weekly Lactic Acid Concentrations in the

Fluid e & o o e o e e o e s o o

Weekly pH Values of the Rumen Fluid

°

v

Daily Milk Replacer Consumption for the Individual Calves.

Weekly Replacer Consumption for the Individual Calves

Page

29
30
34

41

42

46

48

50

52

54

56

56

59

61
64
77

80



Table
XVIITI.
XIX.

XX,

XXI,

XXII.

XXIII.

XXIV.

Weekly Starter Consumption for the Individﬁal Calves

Weekly Weight Gains of the Individuél Calves . . . .

Weekly Total Ruminal VFA Concentration$ of Individual
Calves as Determined by Steam Distillation

Weekly Total Ruminal VFA Concentrations of Individual
Calves as Determined by Gas Chromatography

Weekly Molar Percentages of VFA in ﬁhe Rumen Fluid of

Individual Calves . . .

Weekly lLactic Acid Concentrations in the Rumen Fluid |

of Individual Calves . .

Weekly pH Values of the Rumen Fluid of Individual Galves

vi

®

»

L]

Page
81

82
83
84
.

89

90



Figure
1. Feeding Regimen Used in Study
2, Standard Lactic Acid Curve .
3.
4. Average Weekly Calf Starter Consumption
5. Average Weekly Weight Gains

LIST OF FIGURES

Daily Consumption of Estimated Milk Solids Equivalent

e o

vii

o

L]

Page
31
38
44
47

49



CHAPTER I
" INTRODUCTION

The first few weeks of a calf's life constitute a critical period
from the standpoint of nutritional requirements. The rumen of the calf
is relatively undeveloped and essentially nonfunctional at birth; there-
fore, considerable development must take place with regard to establish-
ment of the rumen microorganisms, increase in capacity, and growth of
mucosal tissue necessary for absorption of the products of rumen
fermentation. During the first few weeks of life, the calf is dependent
upon a supply of feed nutrients that can be utilized without prior
fermentation in the rumen. The range of ingredients that.can be effi~
ciently utilized by the nonruminating calf is rather limited due to the
particular pattern of digestive enzymes available., Thus, the problem
is one of providing the necessary nutrients during this relat;vely
short, yet critical period in the most economical manner possible, with
due regard for health, vigor, and growth of the calves,

The realization that rumen development does occur in calves at an
- early age without the aid - of large amounts of liquid feeds has led to
various methods of limited milk feeding on an early weaning basis. The
high cost of raising calves on whole milk has élso contributed to the
wide~spread use of early weaning systems and to the use of inexpensive
milk replacers in the diets of dairy calves as early as three days of

age. Today, it is recognized that relatively large amounts of labor are



required to feed calves milk or milk replacer via nipple pail. These
factors have all contributed to the current interests in early weaning
and the possibilities for feeding a milk replacer in pelleted form.
Limited work by Rosser (65) has demonstrated that the idea of weaning
calves to a dry pelleted replacer at an early age has merit in that
calves can be raised in this manner. " However, several aspects of the
problem need further iﬁvestigation before definite conclusions are
reached concerning the feasibility of using this product in the field.
The research reported here represents a further attempt to obtain
additional information concerning the feasibility of feeding a pelleted
milk replacer to young dairy calves. The specific objectives of the
present study were to (a) obtain information regarding the growth
and feed consumption of young dairy célves fed a pelleted milk replacer
as compared to calves fed a liquid milk replacer; (b) determine the
relationship of the form of replacer to general thriftiness of calves
and the incidence of certain infectious diseases, such as diarrhea and
pneumonia; and (c) obtain information on certain rumen physiological

functions incident to consumption of a pelleted replacer.



CHAPTER 1I
LITERATURE REVIEW

This review is limited to the major factors pertaining to nutrient
utilization and rumen development of dairy calves during the first two
months of life. This.period was chosen because it covered the scope of
the experiment conducted by the author and the development of rumen
function. However, where information is limited on very young calves
or milk replacers, reference will be made to similar data.on older

calves or starter rations.
Digestive Enzymes

Otterby et al. (58, 59) indicated thatipregastric esterase has
a major role in the aigestién of milk fat in the abomasum of the calf.
The level of free fatty acids in the abomasum was high only when milk
passed through the oral cavity, the site of pregastric esterase secre-
tion. They concluded that gastric lipase, if present at all, contri-
buted little to abomasal hydrolysis of fat. Young et al. (80) reported
that pregastric esterase secretion was not affected by the diet-of age
of calves.

Huber ‘et al. (31) did not mehtion gastric lipase activity. They
found that gastricrprétease levels weré rather high at one day of age,
reached a peak at eight days, and gradually decreased thereafter. Pan-

creatic amylase, lipase, and protease activities were lowest at one day



of age, increased approximately three-fold the first week, and changed
little with increase in age of calf. Intestinal lactase activity was
highest at one day of age and decreased thereafter. Intestinal maltase
levels were low, as compared to lactase, and increased little with age.
Dollar and Porter (18) reported similar high lactase activity in very
young calves and a.decrease in activity with age. In contrast, amylase
and maltase activities were low in young calves, but increased with age.
No intestinal sucrase . was detected (18,31). Huber et al. (31) sug-
gested that the diet apparently exerted no major effect on the digestive
enzyme levels, However, in a later study (35), they found that intes-
tinal lactase concentrations were significantly increased as the lactose

content of the diet increased.

Utilization of Milk Substitutes

In general, the ability of the calf to utilize specific carbohy-
drates was highly associated with the level of enzyme activity (18, 31).
Responses in the levels of blood reducing sugar to ingestion of a given
carbohydrate have been used as measures of carbohydrate utilization by
the young calf. In these studies workers have consistently found good
utilization of glucose and lactose; poor to fair utilization of maltose,
improving with age; 'and poor utilization of sucrose and starch (18, 23,
24, 32, 33, 50, 56, 75). Digestion studies have shown much higher
apparent utilization of starch and sucrose than was indicated by the
blood sugar response to these carbohydrates (33, 50, 56). The dis-
appearance of sucrose and starch was apparently due to the action of
microorganisms in the posterior portion of the intestinal tract (18,

33, 50). The more readily digestible carbohydrates have been used in



milk replacers at various levels between 3.5 and 60 per cent with
varied success (23, 24, 46, 54)., Flipse et al. (24) observed that
calves fed a synthetic milk replacer containing 60 per cent glucose as
the sole source of carbohydrate had very soft to semiliquid feces and
approximately 0.l4 kg daily gain from 2 to 33 days of age. When 10,
30, or 45 per cent of the glucose was replaced with corn syrup, the
severity of the diarrhea increased, Whereas, calves maintained a normal
fecal consistency and had an average daily gain of 0,27 kg when lactose
was substituted for 5, 10, or 30 per cent of the glucose in the basal
milk replacer. Lassiter et al. (44) fed low-fat milk replacers con-
taining approximately 16, 29, 39, or 43 per cent cerelose to young
dailry calves and reported adequate growth rates and a low incidence of
diarrhea. Young calves fed milk replacers containing high levels of
starch showed poor growth and a high incidence of digestive disorders
(23, 30). Noller et al. (54, 55) reported that all-vegetable milk re-
placers containing 47 to 57 per cent ground corn pfoduced inadequate
weight gains and were poorly utilized by young dairy calves.

The utilization of various fats by young dairy calves has been
reviewed by several researchers (4, 31, 37, 78). Barker et al. (4)
reported that reconstituted nonfat milk containing freshly processed,
hydrogenated soybean oil produced growth rates in dairy calves that
were comparable to those of calves fed butter oil, whereas crude soy-
bean oil was found to be inadequate. Jacobson et al. (37) indicated
that c¢rude vegetable o0ils such as soybean, corn, and cottonseed oil
were unsuitable for milk replacers; however, partially hydrogenated
vegetable oils have been used with good results. The digestibility

of many ‘animal fats such as tallow, butter, and lard has been greatly



improved by homogenization, or the addition of crude soybean lecithin,
or both (29, 37, 78). Warner et al. (78) reported the highest utili~
zation of fats when they were homogenized and spray dried.

Several workers (17, 64) have demonstrated that young calves on
fat-free diets soon developed symptoms of neuromuscular disease. Unless
fat was added to the diet, the calves died. Lassiter et al, (42) fed
milk replacers containing 0, 10, 20, and 30 per cent cottonseed fat,
modified Marcol B-75, to dairy calves until 56 days of age. The calves
also received slightly less than 2 kg of whole milk daily the first 14
days and a calf starter plus hay after one week of age, There was no
significant difference in the growth rates of the calves at 56 and 86
days of age. Olson and Williams (57) fed milk replacers composed of
dry skimmilk solids and 0, 5, 10, 20, or 30 per cent stabilized lard to
dairy calves until weaned at 42 days of age. At 42 days, the average
daily gains were 0.34, 0.36, 0.39, 0.39, and 0.42 kg for the calves fed
the 0, 5, 10, 20, and 30 per cent fat replacers, respectively. Dry
feed consumption decreased as the level of fat in the liquid diet in.
creased. The scouring rate was highest for ‘the calves on the low-fat
diet, whereas no significant difference was observed for the other
groups. Warner et al. (78) iqdicated that milk replacers fed to veal
calves should contain at least 10 per cent and preferably as high as 25
per cent fat to produce the highest quality veal. Nevertheless, good
growth rates have been obtained from milk replacers that contained fat
levels of two and six per cent (37, 78)., 1In these studies, the calves
consumed more dry starter to compensate for the lower energy intake via
the low-fat milk replacers.,

The value of many specific nonmilk proteins used in milk repla-



cers has not been satisfactorily determined (36, 37). Jacobson et al.
(37) reported good digestibility values for milk replacers in which
corn distillers dried solubles provided up to 35 per cent of the pro-
tein. Noyler et al. (54) reported that milk replacers composed largely
of plant products with approximately 33 per cent soybean flour produced
little growth until after the calves were approximately 25 days of age.
A later study (55) showed that the digestibility of these replacers,
and especially the digestibility of ﬁhe crude protein portion, was low
until the calves were more than 25 days of age. Lassiter et al. (44)
found that growth rates of dairy calves decreased significantly as

the amount of low-fat milk solids in milk replacers decreased from 70
to 15 per cent and the amount of soybean flour and cerelose increased
to 28 aﬁd 43 per cent, respectively., The milk replacers contained
approximately 19 per cent crude protein and from 0.9 to 2.1 per cent
fat. Significant differences in growth rates were observed for both
the initial 49- and 72-day weighing periods. Stein et al. (71) substi-
tuted soybean flour for nonfat dry milk solids in low-fat milk repla-
cers to a level of 43 per cent with good results. The calves fed the
above level of soybean flour had daily weight gains comparable to the
calves fed a much lower percentage of soybean flour during the initial
28- and 49-.day experimental periods.

The optimum level for milk proteins in milk replacers was reported
to range from 19 to 24 per cent on a dry matter basis, when growth and
protein efficiency were considered (9, 16, 34, 41). Several workers
(9, 16, 41) indicated that calves fed milk replacérs containing approx-
imately 24 per cent protein had growth rates comparable to calves fed

much higher levels of protein. 1In contrast, calves fed milk replacers



containing less than 19 per cent protein showed significantly lower
growth rates and protein efficiency (16, 34, 41), Canadian workers

(9, 16) found that the per cent dietary protein required by calves fed
purified and "filled milk" diets varied with the level of energy intake
and growth rate. The protein and energy requirements for maintenance
of calves less than two months of age were estimated to be 408.1 mg

and 44.7 digestible Calories per kilogram body weight per day, respec~
tively. For 100 g of body weight gain, 20.12 g of protein and 268
digestible Calories were required. The predicted growth rates of the
calves, calculated from the protein and energy requirements for growth,
compared closely with the actual growth rates. Jacobson et al. (36,
37) stressed the importance of considering the entire diet when deter~
mining the optimum level of the various nutrients to be used in milk

replacers.
Development of the Rumen

Recent reviews (48, 77) of the anatomical and physiological devel-
opment of the ruminant stomach indicated that the rumen of the newborn
calf was essentially nonfunctional with undeveloped structural char-
acteristics and low metabolic activity. Bryant et al. (12) reported a
gradual establishment of the rumen microbial population in young calves.
This review of rumen developmentvin young calves will be limited to the

structural, microbial, and metabolic development.

Structural Development. Warner and Flatt (77) reviewed the

anatomical development of the rumen and reported that the approximate
capacity of the reticulo-rumen of newborn calves has been estimated

by standard water~-filling procedures to be between 0.5 and 1.6 liters.



From this review, it was concluded that the rumen' of calves fed
concentrate and hay diets had increased in capacity sufficiently that at
12 to 16 weeks of age 4its: proportion was similar to that of the mature
ruminant. Several workers (22, 27, 74, 77) have reported that rumen
capacity was greatly increased by hay, grain, shavings, and plastic
sponges. In contrast, the rumen capacity of calves fed liquid diets
has generally increased little with age. Since the ‘rumen: was
never found to be filled with the above materials, it was postulated
that the increased capacity of the rumen was due to the weight of the
material within the rumen rather than the bulky nature of the ruminal
material (74, 77).

Several investigators (22, 70, 73, 77) have indicated that the
muscle layers of tissue of the rumen and also total ruminal tissue,
per unit of body weight, of milk fed calves remained relatively constant
with age of calves. However, calves which have received solid materials
in the form of hay, grain, inert shavings, and sponges have shown
marked development of the rumen muscle tissues. The increase in muscle
tissue of the rumen of calves which consumed inert material suggested
that the work necessary to support and move the ingesta resulted
in growth of the muscle tissue.

In a series of studies on the dietary factors influencing the
development of the rumen, Cornell workers (22, 27, 67, 77) suggested
that the most important stimulus for the dévelopment of the rumen
mucosa, particularly rumen papillae, was an active rumen fermentation.
Certain end-products of rumen fermentation, volatile:fatty' atids (VFA),
rather than coarse materials, appeared to be the specific stimuli.

Calves fed grain, hay, or high enough levels of VFA showed a marked
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‘increase in the development of rumen papillae with age. <Calves. fed
only milk .had - little papillary develbpment at any age. Calves fed
milk plus shavings have shown extensive muscle tissue growth with = ..
little or no mucosal tissue growth in the rimen.. Smith-(70) . .
reported similar results with calves fed milk plus shavings dieté.

Harrison et al. (27) reported a retrogressioncofrzumen papillae
when 1l6-week-old calves 6n a high hay or grain diet were changed to a
milk diet. These workers postulated that rumen mucosal and muscular
development were independent as evidenced by (a) an extensive muscular
development in the absence of mucosal development when calves were fed
shavings; (b) a more rapid retrogressionof the reticulo-rumen mucosa
than of the feticulo-rumen muscle; and (c) a lower nitrogen percentage
in well developed mucosa than in muscle tissue, when expressed on a
fat-free dry matter basis (13.3 and 15.1 per cent, respectively).

In an extensive study; Tamate et al. (74) obtained results.which
were in rather close agreement with those fep&rted earlier by the
Cornell workers. Their findings have confirméd the significance of
VFA as stimulating entities in the development of the rumen mucosa.
Calves fed milk, grain, and hay had well developed rumen papillae and
a pigmented rumen epithelium. Marked papillary growth in the rumen was
observed in calves fed 61 and 63 moles ot butyric and propionic acid,
respectively, over an eight-week period.’ Typical ’papillary growth .-
did not occur in calves given approximately 30 moles (2.5 kg) of
either butyfic acid or a mixture of acetic and propionic acids.
Gilliland et al. (26) reported a moderate degree of papillary'develép-
ment in calves that had an estimated 35 and 43 moles of propionic and

butyric acids available in the rumen for stimulation of papillary
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growth over a seven-week period. The mucosal papillary growth of the
rumen stimulated by the substitution of VFA for hay and grain was
essentially identical, macroscopically as well as microscopically, to
the papillary growth observed in calves fed a normal diet (77).

McGilliard et al. (48) reviewed the work conducted at the Iowa
station on the relationship between the absorptive ability and the
structural development of the rumen mucosa of young calves. These
workers observed little rumen mucosal papillary development and a low
maximum absorption rate of infused VFA in all calves at one week of
age. No significant increase in either papillary growth or absorption
rate was found in milk-fed calves from 1 to 34 weeks of age. Conver-
sely, both increased markedly in calves fed solid feed shortly after
birth or at 19 weeks of age, which indicated that diet and not age was
the crucial factor. The low absorption rate in very young calves and
in milk-fed calves was believed to be either directly or indirectly
related to the immature status of the rumen mucosa.

Swanson and Harris (73) noted that the newborn calf did not
ruminate, and that calves fed only milk did not ruminate. On diets con-
taining dry feed, calves were observed to ruminate at five to seven days
of age, but spent less than one hour per day ruminating. Rumination was
noted in most calves by two weeks of age. Tamate et al. (74) reported
that all calves that received solutions of VFA began ruminating at about
seven days of age. Similarly, Gilliland et al. (26) indicated that of
16 calves observed all were ruminating by 11 days of age. Rumination
time was positively correlated with dry feed consumption, but less time
per kilogram of feed consumed was spent ruminating as the calves aged

(26, 73).
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Microbial Development. Several workers (11, 12, 42, 46) have

réborted that the predominant bacteria found in the rumen of calves
less than three weeks of age were mainly different from those in the
rumen of mature cattle. In an extensive study with young calves fed
pasteurized milk for 60 days and free-choice calf starter and hay

after nine days of age, Bryant et al. (12) isolated many groups of
ruminal bacteria from the calves at six weeks of age that: were typical
of mature animals. However, several groups typical only of calves
remained. At 9 and 13 weeks of age, baéteria isolated were primarily
those typical of mature cattle.

The number of aerobic bacteria was highest in calves from one to
three weeks of age, but declined sharply thereafter (11, 46). Bryant:
et al. (12) noted that counts‘of cellulolytic bacteria were similar
to those of mature cattle whgn calves were three weeks of age and
rather high at one week., Lengemann and Allen (45) demonstrated that
calves on a noxrmal diet had cellulolytic activity'that-approached the
adult level at six weeks of age. They also reported a microbial flora
as varied as that of mature cattle in these calves at eight weeks.

It has been demonstrated that both environment and diet have a
major role in the establishment of the protozoan population in the
rumen of young calves (11, 12, 15, 42, 46). Bryant and Small (11)
found no protozoa in calves which had beeﬁ isolated for 24 weeks.
However, the protozoa were readily established by inoculation at all
ages. Theseuworkers.ﬁotédsthattin#chlatibnxbﬁmcalves}accéhefated'the
establishment: of ‘tumen protozoa but did not thasten the establishment of
bacteria typical of the mature rumen unless the calves were raised

under rather strictly 1sola£ed conditions. Bryant et al. (12) reported
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that ciliated protozoa were not establisﬁed in calves, raised under
normal conditions, at 13 weeks of age.  Lengemann and Allen (45)
found small numbers ot protozoa in calves fed .only milk over a..
nine-week -period. However, for calves :fed - limited milk plus hay
and grain, the nuﬁber ot protozoa increased rapidly and equa1e§ the
adultllevel by about seven &eeks of age. High levels of grainﬁintake

also inhibit the establishment of protozoa in the rumen (11).

Metabolic Development. McGilliard et al. (48) reviewed the

deveiopment of metabolic activity of the rumen mucosa and found a
similar pattern of development in the bovine and ovine species. They
indicated that rumen mucosa in a structurally immature state was
characterized by low metabolic activity; however, the narrow range and
artificial nature of the conditions under which these tissues have
been studied and the small numbér of experiments that have beén con-
ducted necessarily limit generalization. The undeveloped rumen mucosa
of calves one to two days of age did not metzbolize butyrate extensive-
ly, whereas tissue from a five-week;oLéléalfntﬁaﬁfrecéfVeﬁisblid feed
metabolized slightly more butyrate than did tissue from mature steers.
Sutton et al. (72) determined the effect of diet on metabolic
activity of the rumen mucosa of three calves fed milk (M calves) and
three calves fed milk, hay, and grain (MHG calves) for 16 weeks. The
mucosa of all MHG calves showed extensive papillary development and
was typical of tissue from calves reared on solid feed. 1In contrast,
ﬁhe mucosa of the M calves was thin with only very small papillae.
Two-gram samples of rumen mucosa were collected immediately after the
calves were sacrificed at 16 weeks ot age. Two hundred ;icromole§ of

¢
acetate, propionate, butyrate, an equimolar mixture of these three, or
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glucose, wére‘added to the samples. Mean uptake of these substrates
was 5.9, 29.6, 44.1, 31.5, and 3.8 pmoles/100 mg of dry tissue per
three hours, respectively, for the MHG calves. For the M calves the
values were 2.9, 5.8, 4.7, 5.8, and 4.2, respectively. The percentage
conversion of acetate and butyrate to ketones was 72 and 88, respective-
ly, for the MHG calves. The values for the M calves were 17 and 29,
respectively. From the latter figures it was evident that the mucosa
of the M calves was much less ketogenic. The greater metabolic rate
of the mucosal tissue from MHG calves was reflected in the higher
production of ketones as well as in the greater uptake of the VFA as
shown above.

The basis for the greater metabolic activity of the mucosal
tissue of calves fed solid feed was not clear, but it was evident thaﬁ
metabolic activity of the rumen mucosa was low shortly after birth and
increased mainly in assoclation with the structural developmenﬁ of the
mucosa (48, 72). Several researchers (48, 67, 72, 74) have suggested
that VFA affect the structural development and absorptive ability of the .
rumen by stimulating the metabolic activity of the mucosa. Sutton et al.
(72) supported this hypothesis and suggested that the metabolic activity
of the fumen mucosa stimulated structural development directly. However,
the relationship between metabolic activity and development of absorptive
ability by the mucosal tissue was considered indirect, since the latter
was apparently dependent upon the combined effects of structural

maturation and inéreased blood flow in the mucosal tissue.
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Esophageal Groove Reflex :
i

Various liquids have been observed to effectively by-pass'the
rumen in young calves and go directly into the omaso-abomasal cavity
by way of the esophageal groove (28, 65, 68, 69, 70). Smith (69)
| observed no decrease in efficiency of the esophageal groove funcﬁion in
calves fed milk by an open pail for a period of 32 weeks. The amount of
milk that entered the rumen of milk-fed calves-appeared to be less than
five per‘cent in most cases. In a later study, Smith (70) observed
little or no leakage of milk»into the rumen in a méjority of the calves
fed from an open pail. The esophageal groove leakage was not consid-
ered to be greatly affected by diet or age up to 16 weeks after birth.
The leakage appeared to be a consistent characteristic of certain
calves rather than a random occurrence. Schalk and Amadon (68) noted
that much of the milk consumed from an open pail passed directly into
the rumen of three young calves, whereas milk fed via nipple pail
generally by-passed the rumen completely by way of the esophageal
groove. They indicated that the milk which had entered the rumen
passed slowly into the omasum and abomasum.

Hegland ét al., (28) found that whole milk, feconstftuted skimmilk,
reconstituted wheyAproduét, orlwater caused. the complete closure of
the esophageal groove in all calves when fed froﬁ nipple or §pen pail
during the initial six weeks after birth. It was noted that nipple
pail feeding of the above liquids was effecfive in closing the esopha-
geal groove during the initial 13-weeks, whereas open pail feeding was
less effective after six weeks. They also reported that when gelatin

capsules of various sizes were given to the calf with a liquid they
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passed directly into the omaso-abomasal cavity. Conversely, the
capsules were generally deposited in the rumen directly when fed alone.
Rosser (65) obtained similar results with a pelleted milk replacer fed
to a rumen fistulated calf during a 15-minute period at three and four
weeks of age. All the pellets appeared to be deposited in the rumen

at both ages. In contrast, a liquid milk replacer fed to this calf
was observed to completely by-pass the reticulo-rumen by way of the

esophageal groove.

Ruminal VFA Concentrations

Rosser (65) determined the concentration of VFA in the week-
ly '"three-hour postfeeding rumen samples from dairy calves that were
weaned from milk to either a powdered or pelleted form-of.a milk re-
placer at one week of age. The powdered replacer was mixed with water
and fed as a liquid, whereas the dry pelleted replacer was fed in an
open pail. All calves were weaned from the milk replacer to an all-
concentrate diet at four weeks of age. For the pelleted replacer group,
the total VFA level was 5.5 mmoles/100 ml of rumen fluid during the
first week, increased slightly during the second week, increased rapid-
ly to 9.3 mmoles/100 ml during the third week, and reached a peak
level of 11.3 mmoles/100 ml during the sixth week. For the powdered
replacer group, the total VFA level was 3.0 ~mmoles/100 ml during the
first week, increased to 7.6 mMmoles/100 ml during the second week,
decreased to 6.7 mmoles/100 ml during the third week, and reached a
peak level of 10.2 mmoles/100 ml during the fifth week. The total
VFA level in both groups tended to stabilize around 9 mmoles/100 ml

during the seventh and eighth experimental weeks. The lower total VFA
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level noted for the pelleted replacer group during the second week was
apparently due to the lower consumption of calf starter and the low in-
take of pelleted replacer by this group during the second week. The
general trend of the total VFA and pH values was consistent with the
observation that the pelleted replacer was deposited in the rumen;
therefore, a larger amount of the total ration was subjected to rumen
fermentation in these calvee'aﬁring the initial four-week period.

Ndumbe‘et al. (52) found that total ruminal VFA concentration
increased with age more rapidly for the calves weaned at 28 days than
for control calves fed milk plus starter throughoqt an 84~day experi-
ment. The total ruminal VFA concentration gradually increased from
7.1 mmoles/100 ml at two weeks to 14.4 mmoles/100 ml at six weeks
and remained relatively stable at about.lA)mmoles/lOOvml through the
12th week for the early weaned group. GonQersely, the to;al VFA
values for the control group gradually increased from 7.8 mmoles/100
ml at two weeks to 12.6 mmoles/100 ml at 12 weeks ef'age. The greatest
difference betweeen the groups was observed at s5ix weeks. The peak
VFA concentration generally occurred two to;tﬁiee hours after feeding
in both groups. Yang et al. (79) fed calf staéters, with and without
supplemental enzymes, to dairy calves as the sole diet after the calves
were weaned from milk at 28 days of age. The total VFA level in the
rumen fluid of the calves ranged from 7.1 to 9.6 mmoles/100 ml at
32 days of age, with no significant differences among the diets.

Conrad et al. (15} studied the development of the rﬁmen in 71
Jersey calves fed a variety of pelleted high roughage mixtures con-
taining two parts hay to one part grain. The rations were fed free-

choice after the third day and constituted the only feed from the
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seventh to the 16th experimental week. The average concentration of
total VFA in the three-hour postfeeding rumen samples was strikingly
similar for all the pellet groups. At one week of age, the calves had
an average of approximately 3.0 mmole VFA/100 ml. The level of total
VFA increased sharply after the first week as the calves consumed more
of the high roughage pellets and reached a maximum level of about 11
mmole/100 ml at six weeks. By the 12th week, the average total VFA
level had declined to approximately '10.5 mmole/100 ml. In studies with
cows, Balch and Rowland (3) found that a number of high roughage rations
generally produced total VFA levels between 9 and 12 mmoles/100 ml,
whereas mixed hay and grain rations usually produced from 11 to 14
mmoles VFA/100 ml of rumen liquor.,

Several workers (15, 52, 60, 79) have determined the molar propor-
tions of the individual VFA in the rumen fluid of calves at various
ages. Otterby and Rust (60) determined the molar percentages of the
ruminal VFA in calves that were weaned from milk to an all-concentrate
or concentrate plus hay diet at 35 days of age. The three-hour post-
feeding rumen samples collected from the third through the 13th week
from the calves maintained without hay usually contained 50 to 55 per
cent acetic acid, 32 to 38 per cent propionic acid, 8 to 10 per cent
butyric acid, and a total of 4 to 6 per cent isobutyric, isovaleric,
and valeric acid. These VFA proportions were characteristic of .those
generally found in ruminants fed high concentrate rations (3, 25,

52, 62, 79). The group fed the concentrate plus hay diet had similar
proportions of VFA until the calves consumed approximately 0.23 kg of
hay daily at seven to eight weeks of age, after which there was a gradual

increase in the proportion of acetic acid and a corresponding decrease
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in the proportion of propionic acid. At 13 weeks of age, thé ratio of
acetic to propionic acid was.about three to one, which was charac-
teristic of high roughage diets (3, 15, 25), Ndumbe et zl. (52) and
Yang et al. (79) fed high concentrate rations to early weaned calves
and reported VFA proportions that were generally very similar to the
values given above for the calves fed the concentrate ration only.
Conrad et al. (15) fed young calves a variety of pelleted high roughage
mixtures containing two parts hay to one part grain and found that the
molar percentages of acetic, propionic, and butyric acid generally

ranged from 62 to 70, 18 to 26, and 8 to 12 per cent, respectively.

Ruminal Lactic Acid Concentrations

Otterby and Rust (60) collected weekly rumen samples from calves
that were weaned from milk to a starter or starter plus hay diet at 25
days of age. During the three- to eight-week collection period, the
three-hour postfeeding rumen samples rarely contained more than 5 mg
lactic acid/100 ml of rumen fluid. Rumen lactic acid levels were quite
variable and ranged from O to 95 mg/l00 ml during the one- to five-hour
postfeeding period at 9 and 13 weeks. However, peak production gener-
ally occurred at one to two hours after feeding and samples taken later
than this usually contained very small amounts of lactic acid. Because
of the variability of the lactic acid levels, differences between
dietary groups were not apparent.

Similarly, Ndumbe et al. (52) reported considerable variation in
the ruminal lactic acid concentration of calves that were weaned from
milk to an all-concentrate diet at 28 days of age and for the control

calves that received milk throughout the 84-day experiment. Except for
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a few instances in which high levels of lactic acid were found in the
rumen samples taken before feeding, thé prefeeding concentrations gen-
erally ranged from 0 to 5 mg/l00 ml. Peak ruminal lactic acid concen-
trations usually occurred at one to two hours after feeding; however,
these concentrations had declined to the prefeeding levels in the sam-
ples taken four hours after feeding. The average peak lactic acid |
levels in the one- to two-hour postfeeding rumen samples were 18.1, 7.5,
7.4, 19.4, and 17.2 mg/100 ml for the control calves at 2, 4, 6, 8, and
12 weeks of age, respectively. The corresponding values for the early
weaned calves were 25.4, 5.4, 19.9, 33.2, and»36.Q mg. lactic acid/100
| ml, respectively. No‘statistigal comparison was made due to the large
individual calf variation.

The pattern of ruminal lactic acid concentrations in older cattle
has generally been quite similar to that observed in young calves (3,
25, 76). Balch and Rowland (3) fed four cows a variety of hay, silage,
pasturé, and concentrate dieés However, only traces of lactic acid,
less than 1 mg/100 ml of rumen fluid, were found with all diets except
those containing large amounts of concentrate. The high concentrate
diets produced peak lactic acid levels of 95 to 270 mg/100 ml at one
to two hours after feeding, but showed no consistent variation with diet.
Only traces of lactic acid were present at five hours after feeding.
Similarly, Waldo and Schultz (76) fed four steers a variety of forage
and concentrate diets. The héy &iets produced peak ruminal lactic acid
levels that ranged from 202 to.#4l:4 mg/100 ml at:one hour postfeeding,
whereas the concentrate and silage diets wusually-produced’ apkak level
at 'one-haif hour after feeding. A grain mixture was fed along with a

basal grass hay ration at the rate of 0, 0.57, 1.13,and 1.70 kg/feeding
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and these gain levels produced peak lactic acid concentrations of 41.4,
54.0, 39.3, and 57.7 mg/1l00 ml, respectively. Corn and hay-crop silages
produced peak levels of 142.4 and 209.3 mg lacﬁic acid/100 ml, respec-
tively. However, over 50 per cent of this acid was introduced into the
rumen as lactic acid in the siiage. It was found that 0.45 kg of glu-
cose produced a peak level of 124.2 mg lactic acid/100 ml at one-half
hour after introduction into the rumen via rumen fistula, whereas 0.45
kg of cellulose or soluble starch produced no lactic acid during the
four-hour period after introduction into the rumen. The prefeeding
lactic acid concentration noted for the various diets was usually below
1 mg/100 and the peak level h;d generally declined to the prefeeding
level by four hours after feeding. Correlation analysis of the data
indicated propionic acid formation from lactic acid. Similarly, Erken
and Reid (19) reported that supplementation of a hay diet with lactic
acid resulted in an increased molar proportion of propionic acid in the
rumen ingesta of cattle.

Ghorban et al. (25) deterﬁined the ruminal lactic acid concentra-
tion at 15 intervals after feeding a variety of grain and roughage diets
to cattle two years of age or older, The lactic acid concentration in
the prefeeding rumen samples ranged from 2 to 4 mg/l00 ml. Most of the
grain and roughage diets produced peak lactic acid levels between 15
and 26 mg/100 ml within one hour after feeding, and the peak value
generally declined rapidly to equal the prefeeding lactic acid level
at 80 minutes after feeding. The beet pulp ration produced the highest
peak lactic acid level with a value of 73 mg/100 ml at 100 minutes
after feeding. Values obtained with the all-alfalfa hay ration ranged

from 2.5 to 5 mg/l00 ml, but there was no definite pattern during the
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four-hour postfeeding period.

Phillipson (62) reported a large variation in the ruminal lactic
acid concentration of eight lambs that were approximately eight months
old when started on rations containing high nronortions of flaked maize
and different levels of supplemental cobalt. No prefeeding ruminal
lactic acid concentration was given, but the rumen samples taken one
hour after feeding contained approximately 0.1 to 0.5 meq (9 to 45 mg)
lactic acid/100 ml. The peak lactic acid level in the rumen of the
lambs thaﬁ received supplemental cobalt generally ranged from 5 to 7.5
meq (450.4 to 675.6 mg)/1l00 ml, whereas the lambs on a cobalt deficient
diet generally had peak levels of less than 1l meq (90 mg)/100 ml due to
low feed intake., The peak lactic acid concentration generally occurred
at six to eight hours after feeding and then gradually declined, as
determined by rumen samples taken at one- and thtee-hour intervals after
feeding. The introduction of 100 g of glucose into the rumen of two
iambs resulted in rapid accumulation of lactic acid with peak con-
centrations of approximately 3.5 and 5.0 m;q (315.3 and 450.4 mg)/100 ml
at two hours after introduction, but the peak levels déclined rather
rapidly to the prefeeding levels. It was suggested that the large
variation in the amounts of the flaked maize diets consumed and several
types of lactic acid producing microorganisms isolated from the rumen
fluid of the lambs may have contributed to the high level and large
variation of the ruminal lactic acid concentration. Phillipson also
cited some results of earlier studies in which he found neak lactic acid
concentrations of approximately 220 and 280 mg/l100 ml in the rumen
within one hour after the sheep received mangolds or glucose, respec-

tively. These peak levels declined rather rapidly to low levels by
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five hours postfeeding. Small quantities of lactic acid accumulated in
the rumen shortly after 100 g of maltose was administered into the
rumen through a rumen. fistula. No lactic acid was found in the rumen
of sheep after the administration of 100 g of galactose, lactose,
starch, or 30 g of cellulose into the rumen. Similafly, Krogh (38, 39,
40) found no_significént accumulations of lactic acid in ﬁhe rumen of
shoep after a single dose of 100 g of lactose or starch, while 100 g of -
sucrose did produce some lactic acid. However, daily increases in the
quantity of the carbohydrates administefed over a period of time led to
an acute acid indigestion associated with large accumulations of lactic
acid and 2 marked change in the microbial population of the rumen.

vBriggs et al. (8) fed sheep & variety of diets but found consistent
significant accumulations of ruminal lactic acid only after feeding
rations with high proportions of wheat starch or molasses. The rations
that had high proportions of oats and molasses produced peak ruminal
lactic acid concentrations of 90 to 802 mg/100 ml at two to six hours
after feeding, whereas the high starch rations produced peak levels of
162 to 1522 mg/100 ml at 8 to 12 hours postfeeding. Contrary to the
results obtained by Phillipson (62), these workers found only small
accumulations of lactic acid in‘the rumen of sheep fed diets with
high proportions of cracked maize. It was evident that the accumulation
of lactic acid in the rumen was influenced by the amount of ration con-
sumed and the length of time the ration was fed before samples were
collected.

Brono and Moore (10) found that the production of lactic acid in
bovine ruminal ingesté io vitro was stimulated by large amounts of

readily available carbohydrates, which confirmed the in vivo results
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above. No lactic acid was produced with unheated starch, whereas
heated starch produced approximately one-half as much lactic acid as
did glucose. Propionate production was stimulated by carbohydrate mix-
tures in both the oresence and absence of lactic acid. Some of the
propionate was apparently derived from lactate as demonstrated by
studies with tracers, Howevér, at oH 6.3, 35 ner cent of the uniformly
labeled C-14 lactic acid was converted to acetic acid and only nine ner
cent to propionic acid. At lower pH values, at which lactic acid often
accumulates, it may be metabolized more slowly and may be converted to

different products.

Early Weaning Systems

Noller et al. (53) renorted that calves were successfully weaned
to several types of concentrate and hay diets at 21 days of age. Growth
rates for the 22- to 42-day and 8- to 70-day neriods ranged from 0.29
to 0.44 and 0.45 to 0.51 kg/day, respectively. The early weaned calves
had less fleshing, but all were generally active and in good condition.
Cud-inoculation proved to be of little value to these calves. Similar-
ly, Pardue et al. (61l) reported that dairy calves were successfully
weaned from limited milk to calf starter and hay at 24 days of age. The
early weaned calves fed an all-plant starter and hay ration gained an
average of 0.64 kg/day to 87 days of age. Both of the above systems
appeared to be adequate for calves raised for herd renlacement ournoses,
since growth rates above 0.45 kg/day to 12 weeks of age were considered
adequate for this purnose (37, 53, 61).

Several investigators (6, 13, 14, 37, 51, 79) reported that dairy

calves were successfully weaned from limited milk or milk renlacer
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- at 28 to 35 days of age. Jacobson et al. (37) briefly reviewed several
studies and indicafed that calves were successfully weaned from milk or
milk replacer at about four weeks of age if a high quality calf starter
was fed. Yaﬁg et al. (79) weaned Holstein calves frdm milk to several
types ot calf starter rations at 28 days of age and oEtained.growth
rates which exceeded the Beltsville growth standards (47) for Holstein
calves., They found that neither the addition of supplementary'enzymes
nor steaming of the grains had any appreciable effect on calf starter
consumption or growth rate to either 8 or 16 weeks of age. Castle

and Watson (13) reported on a comparison Eetween a conventional system
and an earl& wéaning system of raising dairy calves. The convention-
ally raised calves consumed an average of 71.9 liters of milk, 325.5
liters of milk substitute, and 88.4 kg of calf meal (17 per cent crude
protein) over a l4-week period., The early weaned caives consumed an
average of 18.9 liters of milk, 71.9 litefs of milk substitute by 35
days of age, and 117.5 kg of "early weaning cubes'" (22.7 per cent crude
protein). Dried grass was fed ad libitum to all ﬁhe calves. The live
weight gains were 0.57 kg/day for the calves on the conventional syétem
and 0.54 kg/day for those on the early weaning system. The early
weaning system proved to be cheaper both per day and per kilogram of

live weight gain.
Pellet Acceptability

Lassiter et al. (43) reported no anparent-nutritionals advan=
tages for the pelleting of calf starters. When calves were given a
choice of starters over the pericd from 1 to 10 weeks of age, they

consumed 9.6 kg of an all-meal starter, 19.6 kg of a part-meal-part-
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pellet starter, and 25.5 kg of an all-pellet starter. The consumption
of the all-pellec starter was significantly higher than that of the
other two starters, and the improved acceptability of the starters con-
taining pellets was evident for all age neriods. - However, the accept-
ability of all starters was about the same when the calves were limited
to only one type of starter. Jacobson et al, (37) indicated that
texture, composition, amount of other feeds consumed, and the individu-
ality of the calf itself were factors that affected starter consumntion.
Calves preferred a coarse-textured meal and one that was not dusty.
Moore (49) reviewed the data on theveffects of feeding pelleted
forage to young calves. In general, it was reported that pelleting
of forages resulted in increased consumption of the forages by young
calves, The difference in intake of pelleted and long hay by young
calves appeared to be even greater in favor of pelleted hay as the hay

became more mature.
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to the p.m. feeding the first three days on experiment, at weekly inter-

vals, and the last three days on experiment.
Feeding Procedures

All calves received éolostrum from their dams for the first three
days after birth. The célves started on experiment at three to five
days ot age, and started on the experimental ration the following day.
The milkvreplacer used in this study was manufacﬁured in both powdered
and pelleted forms. The form of milk replacer to be fed during the
experiment was randomly assigned to the first member of each pair. The
other member of the pair was then assigned the other form of the repla-
cer. Fresh water was available to the calves at all times. The starter
ration (Iable I) was fed ad libitum throughout the eight-week experi-
mentaL period.‘

The exact composition of the milk replacer used in this study is
not known by the author. However, the replacer contained approximately
50 per cent milk solids which included dried whey pfoduct, dried whole
whey, and dried skimmed milk° The ingredients comprising the remaining
solids and the guaranteed analysis of the replacer are given in Table
II. The milk replacer pellets were 5 mm in diaméter and approximately

13 mm in length,
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TABLE I

CALF STARTER RATION

Ingredients _ Per Cent

Cubed corn

Crimped oats

Wheat bran

Corn distillers solubles
Dried Molasses

Soybean meal (50 per cent)
Alfalfa crumbles

Aurofac 102

Vitamin premixb

Salt

Defluorinated phosphate

- NN

= EEHOUNMNOMmON
L] e« ® 9
COPNMNOOODOOOW

s © e o
W

Y

3Contained 22 g of chlortetracycline per kilogram.

bamounts of vitamins and minerals per kilogram. of premix: vitamin
A, 880,000 I.U.; vitamin D2, 110,000 I.U.; vitamin E, 3,520 I.U.;
riboflavin, 3.52 g; niacin, 3.52 g; thiamine, 3.52 g; d-pantothenic
acid, 1.62 g; choline, 229.13 g; vitamin B12, 2.20 g; menadione sodium
bisulfite, 0.18 g; biotin, 0.035 g; para-aminobenzoic acid, 2.1l g;
inositol, 17.60 g; folic acid, 0.18 g; pyridoxine HCL, 1.76 g.
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TABLE 11

COMPOSITION OF MILK REPLACER?

Component

Crude protein, not less than 28.0%

Crude fat, not less than 10.0%

Crude fiber, not more than 3.0%

Ash, approximately 9.5%
Chlortetracycline 44,0 mg/kg

Riboflavin, not less than 24,0 mg/kg

Vitamin A, not less than _ 26,000 U.S.P. units/kg
Vitamin D2, not less than 6,600 U.S.P. units/kg

2Ingredients: Dried whey product, dried skimmed milk, dried whole
whey, heat processed soybeans, animal fat, corn distillers dried sol-
ubles, riboflavin supplement, dicalcium phosphate, magnesium carbonate,
iron sulfate, chlortetracycline, vitamin A palmitate, and vitamin D2
supplement. '

Each calf was weighed prior to the p.m. feeding the first three
days on experiment and the average of these three weights was used as
the initial body weight from which calculations were made to determine
milk and replacer feeding rates. Each calf was fed milk at the rate
of eight per cent of body weight and either powdered or pelleted milk
replacer at 0.2 kg per 100 kg of body weight during the initial two
weeks (Figure 1). Dufing this period, the powdered form of milk re-
placer was fed in the milk via nipple pail and the pellets were placed
before the calf in an open pail. The célves were encouraged to eat the
pellets by placing a small amount in their mouths at each milk feeding
for the first few days. During the third through the fifth week, the
calves were fed 1 kg of either powdered or pelleted replacer per 100 kg

of initial body weight. The powdered form of replacer was mixed with
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Replacer: Liquid or Pellets
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Figure 1. Feeding Regimen Used in Study
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water at the rate of 1 kg of replacer to 9 kg of water and fed via
nipple péil. (Hereafter, the terms powdered milk replacer and 1i§uid
milk replacer will be used interchangeably.} As noted above, the
pelleted form of milk replacer was fed in open pails in the same manner
as for grain feeding., Consumption of milk replacer and calf starter

was recorded on a daily basis for each calf.
Collection of Rumen Fluid Samples

Rumen fluid samples were collected from the calves in both groups
at the end of each experimental week. The sample of rumen fluid was
taken from each calf at approximately three hours after the morning
feeding.

The rumen sampling was done with a stomach pump and tube equipped
with a strainer as described by Raun and Burroughs (63). The pH of the
rumen fluid was determined immediately using a Beckman Zeromatic II
pH meter with a single electrode. The samples were then centrifuged
to remove small feed particles. Approximately 50 ml of the supernatant
was put into a labeled test tube and frozen for storage.

Determination of Total Ruminal VFA Concentrations
by Steam Distillation

The total VFA concentration in the weekly rumen fluid samples was
determined by a modification of the method described by Fenner and Elliot
(21). A 10-ml portion of centrifuged rumen fluid was put into a dis~
tillation flask and adjusted to approximately pH 2.0 by the addition

of two drops of 70 per cent (W/V) H9SO4. An antifoam agent was
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also added. The samples were distilled for 20 minutes at a rate which
allowed approximately 200 ml of the distillate to be collected. The
distillate was titrated to a phenolphthalein endpoint with standardized
NaOH(0.031N) to determine the total VFA concentration in .the samples.

A water blaﬁk‘treated in the same manner as the samples was used to
adjust the titration values of the samples. An acetic acid standard
(0.0747 N) was used to evaluate the procedure. Recovery of the

‘standard was 99.0 + 5.4 per cent (mean and standard deviation).
Determination of Ruminal VFA Concentrations by Gas Chromatography

The individual VFA in the rumen fluid samples Qere determined
using a modification 6f the gas chromatograph method of Erwin et al.
(20). The sampleé were prepared for analysis by adding 1 ml of 25 per
cent metaphosphoric acid to 5 ml of rumen fluid and centrifuging at
3000 rpm for 10 minutes. The supernatant was stored in the refrigerator
until analyzed.

The instrument used was an Aerograph Model A-600-C with a hydrogen
flame ionization detector. Sensitivity range ‘of one million was avail-
able on the instrument through the use of an input range control and an
output attenuator. A column, 36 inches long and 1/8 inch in diameter,
with neopentylglycol succinate (20 per cent NPGS on 60/80 firebrick
treated with three per cent H3P04) Qas used., The cblﬁmn temperature was
maintained at approximatély 132°C. An aerograph hydrdgen generator
model A-650 was used to produce hydrogen from water by the process of
electrolysis. Filtered hydrogen (approximately 20 ml/minute) and
oxygen (approximately 60 m1/minuté) were necessary for operaéion ;f the

flame ionization detector.



34

A5 pliter diqum:ofdeprotéinized sample or VFA standard was in-
jected into the injection block which was maintainéd at 250°C. The VFA
of the samples were eluted using‘nitrogen (approximately 30 ml/minute)
as a carriér gas. Symmetrical peaks of the eluted fatty acids weré

“obtained in approximately 16 minutes, and were recorded by a Sargent
Model SR recorder in the following order: acetic, propionic, butyfic‘,va
and valeric.

A VFA standard solution (Table III) of the above acids was pre-
pared for use in the quéntitaéive deééfﬁiﬁation of the individual acids
in the rumen fluid samples. The-éhdrt chaiﬁ iso-acids were not included
in the VFA standard and no measurement was made of them since rumen

fluid usually contains only small quantities of the iso-acids (25, 60).

TABLE III

STANDARD VFA SOLUTTON

Acid ' g/liter pmole/5uliters Mole Per Cent
Acetic 4.3845 0.3651 : 58.0
Propionic 2.2976 - 0.1551 24.6
Butyric 1.7786 0.1009 _ 16.0

Valeric 0.1818 0.0089 1.4

The total concentration of VFA in the standard closely corresponded
to the average reported level (12 mmole/100 ml) for rumen f1uid. The
amount of each acid used in thé standard was caiculated by multiplying
the mole percentage of acid usually found in rumen fluid times 12 and
then times the millimolar weight of the individual écid;' This figure

was multiplied by 10 to obtain the weight of each of the acids needed
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to prepare a liter of standard.

The actual quantity of each fatty acid in rumen fluid was deter-
mined from the peak obtained on the recorder. Peak area was calcula-
ted as the product of the height of the peak ;nd‘the width of the peak
at half-height in square millimeters. .The area of the respective
peaks obtained for the individual acids in the rumen fluid samples was
divided by the area : of the peak for the same acid in the standard VFA
solution. This figure was multiplied by the appfoﬁriate dilution
factor to obtain the millimoles of each VFA per 100 ml of rumen £fluid.
The total concentration of VFA per 100 ml of rumen fluid was calculated
as the total of the fourvindividual acids,‘aﬁd the amount of each acid
as a molar percentage of this total was determined.

It was assumed that the peaks obﬁained ;fter injection of the
“standard represented the computed number of micromoles pef 5 pliters.
Several samples of the standard were injected at the beginning and end
of the series of rumen fluid.samples analyzed each day. A standard
sample was also injected after each group of five rumen fluid samples.
To minimize errors in the procedure, the standards before and after
each group of five rumen fluid sémples were averaged to obtain the
respective factors used for determining the concentration of individual

VFA.
Determination of Ruminal lLactic Acid Concentrations

The lactic acid concentration in the rumen fluid samples was
determined by the colorimetric procedure outlined by Barker and
Summerson (5). The protein-free samples were prepared by adding 1 to

10 ml of rumén fluid, depending on the anticipated lactic acid concen-
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tration estimated from previous weekly samples, to distilled water to
make @ 16-ml sample. Two milliliter portions of 10 per cent sodium -
tungstate and 2/3 N sulfuric acid were added. Samples were thoroughly
mixed after the addition of each solution and then allowed to stand
for 10 minutes before it was filtered with Whatman No. 44 filter paper.

The procedure used for determining lactic acid concentration in
the deproteinized samples can be briefly summarized with the following
main points. A portion of the filtrate was treated with 20 per cent
copper sulfate solution and solid calcium hydroxide to remove other
interfering substances such as glucose. An aliquot of the resulting
solution was heated with concentrated sulfuric acid to convert the
- lactic acid to acetaldehyde. The écetaldehyde'in the acid solution was
determined by its color reaction with p-hydroxydiphenyl reagent in the
presence of cupric ions. The absorbancy was determined with a Klett-
Sunmerson colorimeter (Model No. 1019) with a Klett No. 54 filtér having
a wavelengthvrange of 500-570 mp and ; maximum-of’540. The sensitivity
of the procedure was reporte& to be great enough for color developmegt
on a sample containing not over 5 to 10 pg of lactic acid per milli-
liter with differences of less than 0.1 pg per milliliter being
readily detectable.

The lactic acid standard was prepared from lithium lactate since
this salt is anhydrous. Pure lithium lactate wés not available but was
prepared as follows: U.S.P. lactic acid (85 per cent) was diluted with
an equal Qolume of water and several drop; of phenoi éed indicator were:
ad&ed. A saturated (approximately 20 per cent) lithium hydroxide
soiution was added to slight excess, as indicaéed by the indicatoroi

The solution was heated to boiling and the alkali was again added to
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slight excess. It was cooled and four volumes of 95 per cent alcohol
-weré added. This solution was then poured into a rotary evaporating
flask which was put under vacuum and rotated in a pan 6f ice water un-
til the lithiﬁm lactate crystals were‘férmed. The mass of crystals

was filtered off on a Buchner funnel and washed thoroughly with 95 per
cent alcohol. This preparation was recrystallized from water and dried
at approximately 50°C in the oven. The compound was app#rently‘com-
pletely dried since there was no weight loss when it was placed over
Py05 in a desiccator under vacuum (60 ¢m Hg) for several days.

The stock st;ndérd solution was prepéred by dissolving approxi-
mately 0.2 g 1ithium lactate in distilled water and themn adding 1 ml of
sulfuric‘acid and enough water to make 1 liter ofEQOButaon. The “work-~
ing standard was prepared by diluting 5 ml of the stock standard to 100
ml with water. Both were prepared daily siﬁce neither solution appear-
ed to be stable for any longer length of time.

The lactic acid colorimetric procedure was used to construct a
standard lactic acid curve from known amounts of lithium lactate in the
1 to 8 ml aliquots of working standard us¢d. The lithium lactate con-
centration in the various aliquots of working standard was muitiplied
by 0.938 to convert it to lactic acid. These values along with the
corresponding Klett readings obtained by the lactic acid procedure
were used to eﬁnstruct the standard lactic acid curve (Figure 2).

.As indicated by the standard cuéve, samples had té_be diluﬁed so
as to contain not more than 0.0l12 mg lactic acid per ml.in the 10 ml
sample at step two of procedure (treatment with:CuSO,). This step: was
chosen because the rumen fluid and standard samples were treated alike

after this step. The concentration of lactic acid in the rumen fluid
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Figure 2. Standard Lactic Acid Curve
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samples was determined by taking the Klett reading obtained for the

sample and reading the corresponding lactic acid concentration per

milliliter of solution at step two of the procedure directly from the

standard curve. This value was then multiplied by the proper dilution

factors to calculate the concentration of lactic acid as milligrams per

100 ml of rumen fluid.

To standardize the procedure for all rumen fluid samples, two

standards, containing approximately 0.02 and 0.08 mg lactic acid, re-

spectively, were analyzed with each group of samples and the average

deviation of the two from the standard curve was added to ox subtracted

from each rumen fluid sample in the group. Duplicate determinations were

made on all rumen fluid samples and the average used., Rather extreme

precautions were necessary to avoid contamination from outside sources
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such as lactic acid from the skin or chemicals on the surface of glass-
ware. The use of large test tubes and centrifuge tubes (inside diameter
18-23 mm), where indicated in the procedure, was: necessary for rapid
thorough mixing of solutions by lateral shaking, and the large tubes

were much easier to clean after each analysis.



CHAPTER IV
RESULTS AND DISCUSSION
Feed Consumption

Feed consumption by the calves in this experiment was generally
very satisfactory and the calves consumed all of the milk offered to
them via nipple pail. There was very little difference in the average
total milk consumed by the pelleted and liquid milk replacer groups
(Table IV). This reflected the small difference in average initial body
weight of the calves in the two treatment groups since the level of milk
fed was eight per cent of the initial body weight and no milk was re-
fused by the calves. However, the pelleted replacer group of calves
consumed less total milk replacer on a dry matter basis, and there was
considerable variation among calves in the amount of pelleted replacer
voluntarily consumed. The dry matter content of the pelleted and pow-
dered replacers, as determined by distillation with toluene (2), was
92,2 and 92.5 per cent, respectively. These values were used to con-
vert the respective replaceré”to a 100 per cent dry matfer basis (dry
replacer) ., The pelleted and liquid replacer groups consumed an avérage
of 7.73 and 9.36 kg of dry replacer, respectively, during the entire
experiment.

There was a considerable difference between the two groups in
average weekly consumption of dry milk replacer and, hence, in the con~

sumption of total milk solids equivalent derived from both the whole

40



TABLE IV

TOTAL MILK AND MILK REPLACER CONSUMPTION

Calf Form of Initial Milk Milk Replacer

Pair Breed No. Replacer? Weight Consumed ‘Consumed
— -

1 Hol. 92 P 47.6 - 53.0 » 9.63
200 L 46,7 52.1 10.18

2 Hol., 220 P 42.2 47.0 7.81
67 L 41.3 45.5 9,87

3 Hol. 82 P 43.1 48.3 8.24
42 L 45,4 50.4 9.98

4 Hol. 48 P 47.2 53.2 8.43
5 Hol. 64 P 43.1 48.3 8.76
219 L 45.4 50,8 10.33

6 Hol. 438 P 494 55.5 5.94
052 L - 49.9 55.9 10.98

7 Hol. 655 P 39.9 bbb 8.07
302 L 38.5 43.2 8,34

8 ‘Ayr. 22 P 34.9 39.4 6,22
211 L 38.1 43,2 8.34

9  Ayr. 350 P 34.9 39.2 6.65
097 L 32.7 36.8 7.17

10 Ayr. 244 P 34.0 39.4 7,54
410 L 40.4 45,7 8.81

~Average P 41.6 = 46.8 7.73

L 42.2 47.3 9.36

8p = pelleted replacer; L = liquid replacer

bDetermined on a dry matter basis.
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milk and replacer. The estimated milk solids equivalent consumption
was determined by adding the actual weight of the dry replacer consumed
to the amount of solids fed as whole milk. The latter amount was ob~
tained by multiplying the quantity of whole milk fed times a milk dry
matter conversion factor of 0,11, The Holstein milk fed to the‘calves
contained an estimated 2.5 per cent fat and 11 per cent total solids,
since these values were the Holstein herd averages for fat and total
solids during the experimental period. The greatest difference between
the groups in consumption of estimated milk solids equiﬁalent occurred
during the third week of the experiment (Table V). This was obviously
due to the lower consumption of the milk replacer by the pellet-fed

group after the calves were weaned from milk.

TABLE V

AVERAGE WEEKLY CONSUMPTION OF ESTIMATED MILK SOLIDS EQUIVALENT

a - Week on Experiment
Group Item Y
1 2 3 4 5
kg

L - Replacer 0.54 0.54 2.76 2.76 2.76
Milk 2.60 2,60 -- -- --

MSEP 3.14 3.14 2.76 2.76 2.76

P Replacer 0.12 0.35 2,07 2,50 2.69
Milk 2,57 2.58 -~ -- | ==

MSE 2.69 2.93 - 2.07 2.50 2.69

L = Liquid replacer; P = Pelleted replacer

MSE = Estimated milk solids equivalent.
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The calves fed the air-dry pelleted replacer usually did not start
eating the small amount of pellefs, rlaced before them in open pails,
until soon after the first week on experiment. However, several calves
consumed all of the pellets (0.2 kg/100 kg body weight) after two
days on experiment. Immediately after the calves were weaned from whole
milk to 1 kg pelleted replacer/100 kg of initial body weight at 14 days,
there was a sharp decline in estimated milk solids equivalent consumed
by the pelleted replacer group'(Figure 3). Tﬁis group of calves con-
sumed an average of 0.28 kg or less of estimated milk solids equivalent
the first four days after they were weaned. After this short period,
most of the calves consuﬁed all the pélleted replacer offered to them.
However, several calves consumed only about one-half of the pelleted
replacer for at least 10 days after they were weaned from milk, and
this accounted for the rather flat area of the curve between the 19th
and 25th experimental days for the pelleted replacer group. Thus, the
period immediately after weaning appeared to be the critical period of
the feeding regimen from the standpoint of supplying the calf with
readily utilizable nutrients by a pelleted milk reglace;.

The decrease in consumption of estimated milk solids equivalent
noted in Figure 3 for the liquid replacer group immediately after wean-
. ing at 14 days was due to the lower amount of solids fed as no liquid
replacer was refused. Before weaning, the calves received whole milk
(11 per cent solids) at the rate of eight per cent of body weight
and 0.2 kg of powdefed replacer (92.5 per cent solids) per 100 kg of
weight for an average of70.45 kg of solids per dayf After weaning, the
calves received 1 kg of replacer per 100 kg of initial body weight for

an average of 0.40 kg of solids per day. This condition also magnified
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the decrease in consumption of estimated milk solids equivalent noted
for the pelleted replacer group immediately after the calves were wean-
ed from milk. The milk solids fed to the calves in the form of whole
milk contained an estimated 115 per cent total digestible nutrients as
compared to an estimated 96 per cent for the milk replacer. Thus, it
was evident that the drop in energy intake was even greater than the
drop in solids intake immediately after the calves were weaned from
milk. It would have been possible to feed sufficient powdered and
pelleted replacer to equal the solids content, and or the energy con-
tent, of the whole milk fed during the first 14 days. However, this
would have resulted in a greater difference between groups in the nu-
trient intake from the replacer, and perhaps a-g:eater difference in
growth rate. Thus, it is recognized that the comparative growth rates
observed in this experiment reflect the experimental conditions imposed.

In a similar study by Rosser (65), calves fed a pelleted replacer
were weaned from milk at 10 days of age and the next day the average
estimated milk solids equivalent consumed droppea to a low of 0.18 kg.
A peak level of pelleted replacer consumption was attained about eight
days later and maintained thereafter. The drop in estimated milk solids
equivalent consumed immediately after weaning from milk was more dras-
tic than for the calves in the present study wherein milk was fed until
17 days of age.

The group of calves fed the liquid milk replacer consumed more
of the calf starter until just after the fifth experimental week than
did the group f;d the pelleted milk replacer (Table VI). The two
groups consumed nearly identical amounts of starter during the second

four-week period. However, the liquid-replacer-fed calves consumed an
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average of 59.1 kg of starter during the eigﬁt-éeékattiaixas”tbmﬁéféd

to 55.2 kg for the calves fed the pelleted milk replécer.

TABLE VI

AVERAGE WEEKLY CALF STARTER CONSUMPTION

Week on Experiment’
Form of ‘
Replacer 1 2 3 4 5 6 7 8 Total
KE
Liquid 0.3 1.3 3.3 4.6 6.8 11.5 15.0 16.3 59.1
Pelleted 0.2 0.5 1.4 3.6 6.6 12.0 14.2 16.7 55.2

The average weekly starter consumption for both groups greatly in-
creased during the sixth week of the experiment. as compared to the weeks
before énd after (Figure 4). The calves no doubt consumed more starter
to compensate for the lower energy intake due to the removal of the milk
replacer from their diet at the end of: the fifth experimental week. A
similar increase was previously reported for calves weaned from pelleted
and liquid replacers at four weeks of age (65).

There appeared to be no consistent relationship between total
pelleted replacer consumptionvand total starter cdnsumption by the
calves iﬁ the pellet fed group. However, éalf No. 438 consumed the
largest amount of calf starter during the third and fourth weeks and
also consumed the 16west percentage of pelleted replacer during these
weeks (Table VII). This calf apparently compensated for the low pellet-
ed replacer consumption with a higher starter intake. The starter was

fed as a coarse-textured meal and was readily accepted by the calves.
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Several workers (37, 43) have suggested that a highly palatable calf

starter in the form of a mealwas not appreciably improved by pelleting.

18 ¢

16 |

10 -

Starter Consumption (kg)

= Liquid

------ = Pelleted

Week on Experiment

Figure 4. Average Weekly Calf Starter Consumption

Growth and Condit:ion_ of Calves

The wée_kly and total weight gaihs made by the calves in this
-study wére quite variable both within treatment grodps and between
p'airmatesr.* The éverage ‘weekly weighﬁ gains ,(Fi»gureAS) followed the

general trend of esi;imated milk solids equivalent and-calf starter con-



48

'TABLE.VII

- CONSUMPTION OF REPLACER AND STARTER BY THE PELLETED

'REPLACER FED CALVES DURING THE FIRST FIVE DAYS

Week on Experiment

Calf

1

Ration

No.

Total

e tpas
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Figure 5. Average Weekly Weight Gains

sumption. The pellet-fed group had an average weight gain of 0.14 kg
during the third experimenfal week which correépondéd to the decrease
in estimated milk solids equivalent consumed. 1In theﬂprevious study
at 0SU (65), thé pellet -fed group weaned at,lozidays of age lost an
average of 2.04 kg during the following week.” In thg present experi-
ment, the decreaQe in weight gain for the pelleé-fed groﬁp during the
second week can be attributed to several cases of diarrhea Abserved in
this group of calves during the second week. The slight decrease in
the weight gain during the seventh week for the group fed pellets was
due to a large weight loss in one calf during this week. The calf went
off feed temporarily, but recovered quigkly to gain Z.S kg-during the

last week. There was no apparent explanation for the failure of both
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groups to gain more dufing thé sixth weékAof tﬁe stud; than during the
" previous wéek, as startér consumptioﬁ had presumably increased sﬁffi-
ciently to make up for the decrease in total digestible nutrient intake
caused by weaning of the calvesbfréﬁ the milk replacer-aﬁ five weeks.
However, this does indicate that c#Ives-cantbe weaﬁed from a milk re-
blacer at five weeks of age with no deq?ease iﬁ weighﬁ gain. The group .
v@f ;gl&igffaﬁ 1iqui§ replacer had an averﬁgé weight gain of 28.8>kg fér
.the eight-week:trial a§ comparedvto 26.$vkgvfor the calves fed the
. pelleted milk replaqer (Tabyq VIII).'VTbg difference between the grouﬁs

was not statistically significant (P) 0. .10.)'..

TABLE VIII

AVERAGE ‘WEEKLY WEIGHT GAINS

Form of .~ " "Week on Experiment .
" Replacer v _ - .
1 2 3 4 5 6 - 7 8 Total
, ™
‘Liquid 1.2 1.1 2.6 3.1 . 4.4 &4 6.2 5.8  28.8

Pelleted 1.0 0.3 0.1 3.3 5.4 5.4 5.3 6.0  26.8

The average daily gains during the eiéht-week experimental period
~were 0.51 kg and 0.48 kg for the calves fed liquid and pelletedimilk
replacer, respectively. The Béltsville.growth gtandard for Hol;tein
calveswas a daily gain of approximately-0.48 kg from birth to 60 days‘
 of age. A daily growth rate of approximately 0.45 kg during the fifst

eight weeks was generally considered adequate for calves raised for herd
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repfacement purpoees (37, 53, 61).',_

Growth rates of the calves were closerIrelated td'the ehriftiness
ratings recorded for the calves at four and eight weeksvof age. There
was little difference between treatment groups.in the number of calves
in eech gfoup given the variouS'ratings es shown in - Table IX. In gen-
eral, the thriftiness of the calves reflected the amount of feed con-
sumed.‘ bnly one calf was rated lower‘ehan good and this calf was
eveluated during a temporary iliness at ;he‘end of.the four;h'week°
The average thriftiness ratings weréﬁnearly idenﬁical for the two groups
: apd all exeept’oﬁe'Calf were‘given_a :e:ing of Qery;good eﬁ eight weeks.
The average rating changed from 3.5 to 4.0 and from 3.5 to 3.9 at four
and eight weeks for the calves in the liquid and peLleted replacer groups,
respectively. In the previous study at OSU:(65), calves weaned from
milk at ten days of eée ene from»milk’replace; at 31 days of age gen-~
erally had ehriftiness ratings of thfee'or below.. Iﬁ is fecognized that
the difference between the two studies may have Eeen influenced to some
extent By the person evaluatiné the calves since the thriftiness ratings
© are strictly subjective measures of the'geﬁeral conditiph of the calves.
Ihe thriftiness ratings assigned to the calves in the preeeﬁt study do
ineicate that the calves ﬁere generglly in geod er'very:éood condition,
Also, tbe growth and condition of the calves was evidence that calves
can be euceeesfully weeeee‘freﬁ‘milk to a df& belleted replacer at two
weeks of»age.

Tbe aboveaetatemehﬁ implied that tﬁe peileted replacer }ed to the
calves in this study was of sufficient quelity in terms of £hgredient
comﬁeeition, and that the pelleted replacer was bfeken down‘dufing

rumen fermentation to products the calves eould.utilize at this young
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TABLE IX

GENERAL THRIFTINESS RATINGS OF CALVES AT FOUR AND EIGHT WEEKS OF AGE®

Pair Calf ' ' Ration

Weeks Rated
4 8
1 92 pb 4 4
200 o 1e 3 4
2 . 220 P 3 A
‘ 67 L 4 4
3 82 P 3 4
42 _ L 4 4
4 48 P 3 3
8 L 4 4
5 64 : P 4 4
219 L A 4 4
6 438 ' p 3 - A
‘ : 052 , L : _ A
7 655 P 4 - 4
302 | L 2 4
8 22 P 3 4
211 L 4 4
9 350 P 4 4
- 097 L 3 4
10 244 P 4 4
3 4

410 ’ L

a
" Evaluation Scale-

1 = weak
2 = fair
3 = good
4 = very good

bPelleted Milk Replacer

CLiquid Milk Replacer
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age, or was digested posterior to the rumen. Also, it implied that a
calf starter fed simultaneously with the pelleted replacer was at least
partially utilized by the young calves. The milk replacer used in this
study contained approximately 50 per cent milk solids (Table II). The
remaining major ingredientg were heat processed soybeans, animal fat,
and corn distillers dried solubles. Crude protein and fat levels were
not less than 28 and 10 per cent, respectively.

Stein (71) reported good growth rates in young calves fed milk
replacers that contained about 50 per cént milk solids and not more
than 40 per cent soybean flour. The 28 per cent crude »rotein level in
the replacer used in the present .experiment was apparently adequate
when fed in conjunction with a calf etarter. The optimum level for
milk proteins in milk replacers was reported to range from 19 to 24 per
cent on the basis of growth and feed efficiency studies (9, 16, 34, 41).
Several workers (42, 57) reported adequate growth rates for calves that
were fed milk replacers containing 10 ner cent animal or plant fat and
a calf starter ration.

However, the per cent protein, fat, or total digestible nutrients
(TDN), energy, of the milk renlacer aloﬁe are of questionable value un-
less the total ration is considered. Therefore, the ner cent crude
orotein and estimated TDN of the total ration consumed by the calves in
both grouns of the»present study were calculated (Table X). Both the
per cent crude protein and estimated TDN of the total ration were high
during the first weeks due to the high proportion of milk solids con-
sumed, and decreased as starter consumption increased. The weekly
crude protein and TDN cdnsumption increased as starter intake in-

creased. The weekly apparent digestible protein and estimated TDN



TABLE X

SUMMARY OF THE AVERAGE WEEKLY ESTIMATED PROTEIN AND TDN CONSUMED AND REQUIRED
BY THE CALVES AND THE PER CENT OF EACH IN THE TOTAL RATION

Week on Experiment

Group® Item 1 2 3 4 5 6 7 8
L % Protein of Rationb 27.86  25.39 21.95 21,06 20.10 16.90 16.90 16.90
Protein Consumed (kg/wk) 0.96 1.13 1.33 1.55 1.92 1,94 2.54 2.75
Protein Requized® (kg/wk) 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.90
9% TDN of Rationd - 107.92 98.92  80.75 78.50 76.09 68.00 68.00 68.00
TDN Consumed (kg/wk) 3.71 4,39 4.89 5.78 7.27 7.82 10.20 11.08
TDN Requirede® 5,26 5,51 5.76 6.01 6.26 6.51 6.76 7.01
P % Protein of Ration 28,21  27.21 23.52 21. 44 20.12 16.90 16.90 16.90
Protein Consumed.(kg/wk) 0.82  0.93 0.82 1,31 1.87 2.03 2.40 2.82
Protein. Required. (kg/wk) 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.90
% TDN of Ration  110.96 .106.20  84.70 79.47 76.10 68.00 68.00 68.00
TDN Consumed (kg/wk) 3.21 3.64 2.94 4.85 7.07 8.16 9.66 11.36
TDN Required (kg/wk) 5,26 5,51 5,76 6.01 6.26 6.51 6.76 7.01

8L = liquid replacer; P = pelleted.reolacer

Based on 29.1, 28.0, and 16.9 per cent crude protein in the whole milk, mllk replacer, and calf starter,

. respectively.

CBased on 40.81 g of apparent digestible protein/100 kg body weight per day required for maintenance and
201.25 g of apparent digestible protein/kg weight gain.

dBased on 115, 96, and 68 per cent TDN in the whole milk, milk replacer, and calf starter, respectively.

®Based on 1.02 kg TDN/100 kg weight per day reguired for maintenance and 0.612 kg TDN/kg weight gain,

429
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requirements given in Table X were determined for a calf that had an
initial body weight of 42 kg and a daily gain of 0.5 kg to eight weeks
of age. The nitrogen and digestible energy requirements of calver for
maintenance and growth as reported by the Canadian workers (9, 16) were
used. The nitrogen and digestible energy requirements were converted
to protein and TDN on the basis that protein contained approximately 16
per cent nitrogen and thatl g of TDN contained approximately 4.38
Calories. The calves in the pelleted renlacer group had the lowest
intake of crude protein and TDN during the third exnerimental week.
This was consistent with the weight gain obrerved for these calves
during this week. it was evident that the calves in both groups did
not consume enough estimated TDN to make a daily gain of 0.5 kg during
the first four experimental weeks. Conversely, thelevels of TDN and crude
protein consumed were considerably above the level needed to make this
rate of gain after the calves were placed on the all-concentrat ration

at six weeks of age.

Individual and Total Ruminal VFA Concentrations

The level of VFA in the rumen fluid was determined at weekly in-
tervals to obtain a measure of the rumen development in the calves of
both the pelleted and liquid replacer groups. The total VFA concen-
tration, as determined by steam distillation, in the rumen fluid of the
calves was expressed as millimoles of VFA per 100 ml of rumen fluid
(Table XI). The four major ruminal VFA, acetic, propionic, butyric,
and valeric, determined by gas chromatogranhy were added to obtain
another measure of the total VFA concentration in the weekly rumen

samples of both groups (Table XII).



TABLE X1

AVERAGE WEEKLY TOTAL RUMINAL -VFA CONCENTRATIONS
AS DETERMINED BY STEAM: .DISTILLATION
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Form of Week on Experiment .
Replacer 1 2 '3 4 5 6 7 8
(mmole/100 ml-

Liquid 3.8 4.9 7.6 8.2 8.4 9.7 9.4 10.1
Pelleted 3.2 5.7 10.4 10.6 10.3 9.6 9.3 9.9
TABLE XII
AVERAGE WEEKLY TOTAL RUMINAL VFA CONCENTRATIONS
.. AS DETERMINED BY GAS CHROMATOGRAPHY

\Form of Wegk on Experiment /
Replacer 1 2 3 4 5 6 7 8

’ (mmole/100 ml)
Liquid 4.1 4.8 9.3 7.6 8.3 9.5  10.9 10.5
Pelleted 2.8 6.5 8.8 9.3 12.2 10.5 11.3  10.3

The higher level of total VFA noted for the liquid replacer group

at the end of the first experimental week was apparently due to the

larger amount of calf starter consumed by this group during the first

week, since the liquid replacer by-passed the rumen by way of the.

esophageal groove (28, 65).

During the second through the fifth week,

the pelleted-replacer-fed calves consistently had'higher.levels of total

VFA. Thiswas consistent with the observation that the pellets were de-

posited in the rumen, and subjected more of the total diet to fermentation.
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Itwas also evident that the pellet~fed calves had peak ruminal VFA levels
by the fourth or fifth week, whereas the liquid-replacer-fed calves had
peak VFA levels from two to three weeks later. There was very little
difference between the two groups in total VFA concentration after the
replacef was removed from the diet at the beginning of the sixth experi-
mental week. Both methods of total VFA determination showed similar
patterns for the average level of totél VFA in the weekly rumen samples
of both groups during the eight-week period; however, there was less
individual deviation from the group mean when the steam distillation
procedure was used.

In a similar study by Rosser (65), the pelleted-replacer-fed calves
generally had higher levels of total ruminal VFA than did the liquid-re-
placer-fed calves. Also, as in the present study, the greatest differ-
ence betweeq the groups occurred during the milk replacer feeding period.
In both s;udies, the pellet - fed group had a lower starter consumption
than the liquid-fed gréup during the replacer feeding period probably
as a result of the déposition of the pelleted replacer in the rumen
(65). These facts strongly suggested that the fermentation of the pellet-
ed replacer in the rumen was primarily responsible for the larger accumu-
lations of rumiﬁa};VFA in the pelléted-replacer-fed calves during the
second through the fifth week. This hypothesis is supported by the fact
that there was very little difference between the two groups in total
VFA concentration after the replacer was removed from the diet of the
calves. :Conrad et al._(ls) fed dairy calves milk and a variety of
pelleted mixtures contaiﬁing twc parts hay to one part grain during the
first seven weeks after birth and reported patterns of ruminal VFA con-

centrations that were similar to those observed for the pelleted-replacer-
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fed calves of the present study. - However, the pelleted-replacer-fed
calves in the present experiment did have slightly larger VFA concentra-
tions during the third and fourth experimental weeks, apparently result-
ed from the larger consumption of readily fermentable carbohydrates in
the pellete& replacer. The maximum ruminal VFA concentration: occurred
at six weeks fof the calves fed the high roughagepeﬂets and was compar-
able to the peak value. of the pelleted-replacer-fed calves in the pre-
sent trial. Ndumbe et al. (52) obtained peak total ruminal VFA levels
by collecting hpﬁrly sample; after feeding and reported a Qalue of_14.4
- mmoles/100 ml at six weeks of age: for early weaned calves fed an-all-
concentrate diet, and the peak total VFA level remained at approximately
14 mmoles /100 ml through the . 12th week, These .peak VFA values are
about 2 to 4  mmoles/100 ml greater than the total VFA levels ob-
served in the three-hour postfeeding rumen samples of thé.present study
and by other researchers (15, 65, 79).

The liquid and pelleted replacer groups had similar patterns for
the average molar percentage of individual ruminal VFA during the eight-
week experiment (Table XIII). It was interesting to ﬂote that during the
initial two weeks both gféﬁps of calves had a wide acetic acid to pro-
pionic acid ratio which reflected the type of bacteria present during
this period (11, 12). Another point of interest was the higher propor-
tion of butyric and valeric acids and lower proportion of acetic and
propionic acids noted for the pelleted replacer group during the thirdv
th;ough the fifth week of the experiment. This difference between the
groups was apparently due to the deposition of the pelleted replacer in
the rumen of the pellet-fed calves, as deposition of the pellets in the

ruﬁen has been observed (65) and the highest value for butyric acid
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AVERAGE WEEKLY MOLAR PERCENTAGES OF VFA IN THE RUMEN FLUID
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Form of . Week on Experiment
Replacer VFA 1 2 3 4 5  6 7 8
(molar per céht)“
Liquid C2 63.5 5705 5503 52n5 52-0 5002 52-3 5003
) o C3 28.3 27.2 33.2 37.9 37.4 38.4 39.0 38.2
C5 1.4 3.2 3.5 3.1 3.2 2.9 2.7 3.6
Pelleted 02 65.7 60.4 51,2 50.8 47.4 48.6 51.7 51,0
’ ' 03 22.6 24.4 24,3 31.3 36.2 37.6 37.9 38.4
_ 04 10.5 12.4 19.2 12.4 10.6 10.5 7.3 7.5
C5 1.2 2.8 5.3 5.5 5.8 3.3 3.1 3.1

occurred during the third week soon after the calves had consumed

large amounts of the pelleted replacer. Also, the pellet -fed calves

consumed less calf starter during this period than did the liquid-re-

placer -fed calves. Recent studies by Bowman and Huber (7) and Rosser

et al. (66) provided strong evidence that the rélatively high butyric

acid levels may be attributed to the lactose in the pelleted replacer.

The substitution of lactose for corn in the ration of dairy cows result-

ed in a significantly higher ruminal butyric acid level (7). The molar

per cent of butyric acid in the rumen fluid of steers fed lactose, glu-

cose, and starch was 17.1, 13.0,and 15.3 per cent, respectively.(66).

Sander et al. (67) reported that butyrate stimulatéd rumen mucosal de-

velopment more effectively than acetate or propioﬁate_and,'hence, the

relatively higher butyric acid levels in the pellet-fed calves in the

present study implied that the rumen mucosa of these calves developed more



60

rapidly than Ehat of the.1iqﬁid-replécer-fed.éalveso .Also, ruﬁinal bloed
flow was increasgd more by the intra-rumiﬁai infusion of Butyric,acid
than by acetic aéid (77), This is consistent with the ;bsérvatibn of
Smith (70), as he found relatively more rumeﬁ development in milefed
calves that had considerable leakage of milk into the rumen as compared
.to the calves that had no milk in the rumen.

Ihe ratio of acetic acid to propionic acid became MOTre NArrovw as
the calves in both groups consumed more calf startef¢during the initial
four to five weeks. After the fifth week, there was little difference
_ between.the'two tteatment groups and both had narrow ratios of acetic
acid to propionic acid which were characteristic of high concentrate
diets. |
| Ottgrby and‘RUSﬁ (66) determined the molar proportions of VFA in
the rumen'fluid of early weaned calves at three hours postfeeding and
reported weekly values which were very similar to those observed in the
present §tudy.v The molar proportions of the individual VFA were‘rela-
tively constant'iﬁ the rumen samples taken at hourly intervals up to
five hours postfeeding. Ghorban et al. (25) also found that the molar
‘percentages of the VFA changed very littie with time in the postfeeding
rumen samples taken from mature cattle fed agvariety of diets, Ndumbe
et al. (52) obtained postfeeding rumen samples f:om early weaned célves
and reported molar percentages of-48, 34, and 17 and 52, 33, and 15 for
acetic,:propionic, and butyric acid. at 4 and 12 weeké; respec-

tively.
Ruminal Lactic Acid Concentrations and pH Values

The lactic acid concentrations in the weekly three-hour postfeeding
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rumen samples were generally quite variable for the calves in both
treatment groups. Due to the 1arge individual calf variation, there
was no:définite pattefn in the average weekly lactic acid concentrations

for either‘theﬂpelleted or liqgidwréplacér,groups~asméhown in Table;XIVo

TABLE XIV

- AVERAGE WEEKLY LACTIC ACID'CONCENTRATIONS.IN THE RUMEN FLUID

. Week on Experiﬁent L .

"L Mean (mg/100 ml) 8.7 7.9 2.4 7;1_- 6.5 6.5 8.5 6.2
CV® (per cent) 182.1 241.5 28.6 157.8 89.0 101.1 118.9 130.2
6

P Mean (mg/100 ml) 6-4 20.6 11.6 111.6 125.3 13.0 8.4  10.3
€V (per cent) 174.2 191.8 163.1 293.9 303.8 121.1 125.9 127.5

Liquid replacer; P = Pelleted replacer

[
W

(¢}
<
il

Coefficient of Variation

 The rélativglf large coefficients of vafiation'reflected ﬁhe-large
and’inconsis;ent variation of the lactic acid concentfatién .in the
ﬁeekly rumen fluid samples from the iﬁdividual~ca1ves. The unusually
ﬂigh lével of lactic acid noted for the péllétedbreplacer-group‘during
the fourth and fifth weeks was due to one calf which had 1044 and 1208
mg lactic acid/lOOOml during the fourth and fifth ﬁééks, respectively.,
Duriﬁg these two weeks, the calf w;s in good healtﬁ, consumed 0.42 kg.

of pelleted replacer daily, and consumed less than 0.25 kg'of calf start-

er daily. Since this calf consumed considerably less calf starter during



the foUrth and fifth weeks then.any'of the other peliet-fed ealves and
1ess starter than replacer, the large amohnts of lactie acid apparently
resuited'mainly from the rapid -breakdown of the readily fermentable care
bohydrates of the pelleted replacer in the rumen,:llt isvalsb possible
that the two sami:les that contained the high lactic acld levels may have
been contaminated prior to their aﬁalysisf The average lactlc acid. |
concentrations calculated for the . other nine pellet-fed calves were 7.8
and 5.1 mg/100 ml during the fourth and fifth weeksr‘respectivelya

Large accumulations of ruminalvlactic ecid'heQevheen ehserved in
sheep given readily fermentable carhehydretes (8, 39, 62). hKrogh.(39)_
observed marked changes in the rumen mierebialfpoﬁhlation.end accumula-
tion of lactlc acid associated with indlgestlon in sheep after the
adm1nlstrat10n of relatively large amounts of ‘lactose into the rumen.
Briggs et al. (8) obtained peak ruminal 1actic.ac1d concentrations of
90 te 802vmg/160 ml at two to six hours after'feeding sheep rations that
contained high proportions of oats-and molasses, whereas the rations
that had large amounts of wheat starchhproduced peak lactic acid
levels of 162 to 1522 mg/100 ml at .8 to .12 hours -postfeeding.
Phillipson (62) reported ruminal lactlc acid concentrat1ons as high as
675 mg/100 ml at six to eight hours postfeedlng for lambs fed diets ~f -
with h1gh proportlons of flaked ma1ze.- Although the rather h1gh lac-
tic acid values for the one calf fed the pelleted replacer can not be
fully explained, the rather low pH values, 4. 8 and 5.0, of the rumen
fluidwere consistent with the high lactic acid values. Since data.were
available only at three hours postfeeding, it was qeite possible. that
the concentration ef>1actic'aeid.dec11ned and the pH returned to a nerf

mal level prior to the next feeding. This was ?congistent - with the
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observation (39) that a transitory drop in rumen pH did not result in
indigestion. Lactic acid values for the other calves were well below
the levels observed to be associated with indigestion in ruminants (1).
Rumen lactic acid concentrafions have generally been quite variable
for both young calves and older cattle (3, 25, 52, 60, 76). Otterby
and Rust (60) found that the ruminal lactic acid levels in early weaned
calves ranged from 0 to 95 mg/100 ml, and peak levels generally occurred
at one to two hours after feeding. During the three+to eight-week col-
1ectionvperiod, the three-hour postfeeding rumen samples seldom contain-
ed more than 5 mg lactic acid/100 ml of rumen fluid. Similarly, Ndumbe
et al. (52) reported peak lactic acid levels of 5.4 toﬁ36.0 mg/10C ml
at one to two hours postfeeding, and observed considerable variation i in
the lactic acid concentrations ambng early weaned calves fed an a11-‘
concentrate diet.. The peak lactic acid levels had generally declined
to approximately 5 mg/100 ml by four hours after feeding. 1In studies
involving steers a;d cows (3, 25, 76), a variety of grain, hay, and
silage diets have consistently produced peak ruminal lactic acid concen-
trations in less than one or two hours #fter feeding. However, there
was considerable variation both within and between diets in the rate at
which the peak lactic acid levels declined to the prefeeding values.
Considering the above results obtained with calves and older cattle and
the fact that over 70 per cent of the three-hour postfeeding rumen sam-
ples in the present study contained less than 5 mgvlactic acid/100 ml,
it -appeared . that the . rumen samples from the calves in this study
should have been taken closer to the time of fgeding to obtain peak
lactic acid levels. On the other hand, the samples taken at three hours

postfeeding perhaps gave a better indication of whether one can expect
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lactic acid accumuiation to resﬁlt from fermentation of the ﬁilk repla-
cer in the rumen.

The rumen samples which contained high levels of lactic acid con-
sistently had low pH values. When the average weekly pH values (Table
XV) were compared with the average weekly ruminal lactic acid and total
VFA concentrations, it was found that with few exceptions the pH values .

varied inversely with the lactic acid and total VFA concentrations.

TABLE XV

AVERAGE WEEKLY pH VALUES OF THE RUMEN FLUID

[

Form of o Week on Experiment
"R o :

Replacer. © 7 2 3 4 5 6 7 8
Liquid 5.9 6.2 5.8 5.7 5.9 5.6 5.7 5.9
Pelleted 6.2 5.9 5.3 5.3 5.5 5.5 5.9 5.6

The pelleted-.replacer-fed group hgd lower ruminal pH values in all
~except the first and seventh weeks, but the greatest difference was
’no;ed during the milk reblacer feeding period from the third through the
fifth week. In a similar study at OSU (65), the ruminal pH values for
the calves fed the pelleted replacer were consistently below ﬁhe pH
values obtained for the calves fed the liquid replacer, and the largest
difference also occurred during the milk replacer feeding period. In
both past and present studies, it was found that during the milk repla-
cer feeding period the pH of the rumen“éontents declined moxe rapidly

and the total VFA concentration tended to increase more rapidly in the
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calves fed tﬁe pelleted replacer than in those fed the 1liquid réplacero
Since the pelleted replaeer was observed at three and four weeks'ofbage,
to be deposited in the rumen of the ;alves (65), it appearedvthaf the.
deposition of the pellets in the rumen was primarily fegpénsible for the
more rapid increase in rumen fermentation noted for the pelleted-repla-
cer-fed calves during the first few weeks. Itwas generally recogpized
that as fermentationwas initiated in the rumen Ithere was a buildygt;p of‘
acids and & resultant decrease in the pH of the rumen contents (15, 48).
Aé ruﬁen'fuhction became - increasingly more efficient this buildup of
acids wasremoved with a resultant increase in pH and a decline in the
coﬁcentratibn:of the ruminal acids. Thus, even though rumeniferﬁentan_
tion increased with advancing age, there was a subsequent rise in rumen
pH which wasmost likely associated with increased-ab;orption of the
acids f;om the rqmenAas it developed and  with an increased buffer-.
ing capacity of‘ghe rumen as a result of increased salivary output (15,
48). Conrad et al. (15) weaned calves from milk to pelleted high rough-
age fations at sevén weeks éf age and found that the rumen pH values
tended to stabilize within a certain range after the calves were 8

to 10. weeks of age. In the studies at OSU involving pelleted and liquid
milk replacers, the rumen pH valpes were relatively stable after the
calves were seven to eight weeks of age.

Severai workers (3, 25, 52, 62, 76) have demonstrated that ruﬁen—
pH was largeiy a function of the VFA and lactic acid concentrations in
the rumen. Rumen pH was depressed more by lactic acid than by. any of the
individual VFA, due to the higher dissociation constant of lactic acid
(25, 52). 1In an analysis of 260 rumen samples, Waldo and Schultz (76)

reported a correlation of -0.33 between the pH values and lactic acid
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concentrations and a correlation of -0.57 between the pH values and the
total VFA concentrations in the rumen samples. Both of these correla-

tions were highly significant'at the one per cent.leﬁel.



CHAPTER V
SUMMARY AND CONCLUSIONS

A study was conducted to compare the performance of 20 male calves,
6 Ayrshires and 14 Holsteins, fed a milk replacer in either pelleted or
liquid form under uniform experimental conditions. The performance of
the calves was measured on the basis of weekly weight gain; feed con-
sumption; general health and thriftiness; and the pH, VFA, and lactic
acid values of the rumen fluid. Whole milk was fed at eight per cent of
initial body weight during the first two weeks. The respective repla-
cers were fed at a rate of 0.2 kg solids per 100 kg of initial weight
during the milk feeding period and at a rate of 1 kg solids per 100 kg
of weight during the third through the.fifth'week. A calf starter was
fed free-choice throughout the eight-week experiment.

There was a slight advantage in favor of the group fed the liquid
replacer in terms of average feed consumption and weight gains during
the eight-week trial. However, the difference between the groups in
weight gains was not statistically significant (P> 0.10), and the growth
rates of both groups were adequate for calves raised for herd replace-
ment purposes. There was little difference in the general thriftiness
ratings for the two groups of calves at four and eight weeks. The
critical period of the feeding regimen for the calves fed the pelleted re-
placer was immediately after weaning from milk at two weeks of age due

to a rather low energy intake for several days. The general trend of

67
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the ruminal pH and VFA values indicated a more rapid development of
rumen fermentation, especially during the third through the fifth week,
in the calves fed pelleted replacer., This was consistent with the obser-
vation of Rosser (65) that the pellets were denosited in the rumen and,
hence, a2 larger amount of the tétal ration was subjected to rumen
fermentation in these calves. The ruminal lactic acid concentrations
were generally low and variable for the calves in both groups. Apnroxi-
mately 70 per cent of the three-hour postfeeding rumen samples con-
tained less than 5 mg lactic acid/100 ml of rumen fluid., The higher
lactic gcid values were well below the levels observed to be assoclated
with indigestion in ruminants (1).

It was concluded that calves can be weaned from milk to a high
quality dr§ pelleted replacer at two weeks of age with reasonable suc-
cess under good management conditions when a high quality calf starter
is fed. However, further research should be directed toward the practi-
cal application of the results obtained in this study before definite
conclusions are reached concerning the feasibility of using this product

in the field.
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TABLE XVI

DAILY MILK REPLACER CONSUMPTION FOR

THE INDIVIDUAL CALVES

Days

of Milk Replacer Feeding

Pair Calf Ration 1 2 3 4 5 6 7 8 9 10 11 12
1 92 p2 0 0 0 0 0 0 .05 .05 .07 .09 .09 .09
200 Lb O A0 09 080 9 - 09 OO 05 09 0 09 .09 .09
2 220 P 0 0 0 0 0 D1 .01 0 0 0 0 .01
67 7 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08
3 82 P 0 0 .02 .03 .01 .02 0 .02 .01 .08 .08 .07
42 7 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09
4 48 P 0 .04 0 .09 .09 .09 .09 .09 .09 .09 .09 .08
8 L .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09
5 64 P 0 0 0 .01 .01 0 .03 .08 .08 .08 .08 .08
219 L .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09 .09
6 438 P 0 0 .01 .01 .03 0 0 .01 .04 .04 .01 .01
052 5 A0 S0 i A8 <M I 10 10 510 10 .10
7 655 P .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08
302 L B 0T BN O 8T 01T 0 O BT A 07 .07
8 22 P .01 0 0 0 0 .01 0 0 0 0 .02 .02
211 L O O~ 07 5087 O0F 07 BT G BT 67 07 .07
9 350 P 01 01 0 0 82 <03 .02 0 Of .01 0 .02
097 1 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06

10 244 P 0 .07 .07 0 AT W07 07 03 06 0k 07 .07
410 4 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08 .08

8pelleted Milk Replacer

bLiquid Milk Replacer
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TABLE XVI (Continued)

__Days of Milk Replacer Feeding .

Pair Calf Ration - . 13 14 . -°15. 16 . 17 18 - 19 -20- 21 22 23 - 24
> - e e !N Kg"’“”"- T —— e

1 92 pd 09 .09 .38 .47 L4747 LT AT 47 W4T 47 47

200 1P L09 .09 L4646 L4646 46 46 46 .46 .46 .46

2 220 PT 7 708 .08 .37 .28 .26 .28 42 .42 .42 .42 .42 .42

67 . .08 .08 .45 .45 .45 L4545 L4545 L4545 <45

3 82 P .08 .08 .34 .34 .33 .34 .37 .39 .43 .41 .43 .43

42 L .09 .09 .45 .45 W45 45 L4545 L4545 .45 .45

4 - 48 P .09 .09 .26 .29 .31 .32 .43 .32 L4445 .24 .24

8 L- .09 .09 .44 L4444 L4 LG4 L4 LG4 4L b4 A

5 64 P .08 .08 .43 .43 .40 0 .41 .39 .43 .43 W43 .43 .43

219 L .09 .09 .47 LAT W4T W4T 4T W4T W4T W4T 47 .47

6 438 P .01 .03 .31 .03 .10 .03 .12 .04 .04 .10 .15 .24

052 L .10 .10 .50 .50 .50 .50 .50 - .50 .50 .50 .50 .50

7 655 P .08 .08 .16 .19 .24 .35 .38 .42 .42 .42 .42 .42

302 L .07 .07 .38 .38 .38 .38 .38 .38 .38 .38 .38 .38

8 22 P .07 .07 .29 .26 .18 .17 .26 .28 .28 .34 .34 .34

211 L .07 .07 .38 .38 .38 .38 .38 .38 .38 .38 .38 .38

9 350 P .02 .07 .17 .19 .30 .33 .35 .35 .35 .18 .18 .18

' 097 L .06 .06 .33 .33 .33 .33 .33 .33 .33 .33 .33 .33

10 244 P .07 .07 .35 .35 .35 .35 .35 .35 .35 .35 - .35 ° .35
410 L

008 -08 -40 ¢40 040 040 . 040 040 . -40 040 -40 040

apelleted Milk Replacer

bLiquid Milk Replacer
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" TABLE.

XVI (Continued)

Pair Calf

. .'Days-of Milk ké#laé'ei "Feedirﬁ '

_Ration 25 26 27 28  29. 30 31 . 32 33 34 35
1 : 92 pa A7 LT W47 6T W4T W4T W4T JAT T W4T JAT W4T
200 Lb 46 L46 L4646 W46 L4646 46 46 46 46
2 220 P W42 L4200 L620 L4200 62 420 L6242 L4200 W42 42
_ 67 L 45 45 45 W45 45 .45 T W45 45 45 .45 .45
3 .. 82 P 41 .40 .43 W43 43 43 430 43 W43 .43 .43
42 L 45 W45 W45 W45 45 W45 .45 J45  J45 45 .45
4 48 P 224 .39 LGA4- W4T LG5 W4T W4T AT L4T 4T 4T
8 . L B N N N Y N Y N X Y A 1A
5 64 P W43 .43 .63 W43 W43 W43 43 70 W43 43 .43 .43
219 L W47 W7 4T W4T AT W4T WGT W4T W4T 4T W4T
6 438 P 228 .48 .49 W45 4T 49 4T W49 .49 L4949
052 L .50 .50 . .50 .50 .50 .50 .50 .50 .50 .50 .50
7 . 655 P CA2 62 0620 L4620 420 42 W42 420 W62 W42 42
- 302 L .38° .38 .38 .38 .38 . .38 .38 .38 .38 .38 - .38
8 S22 P L34 .36 .34 .36 .34 .34 L34 .34 34 .34 L34
211 L .38 .38 .38 .38 .38 .38 .38 .38 .38 .38 .38
.9 350 P .18 .18 .17 0 .17 .35 .35 .35 .35 .35 .35 .35
097 L - .33 .33 .33 .33 .33 .33 .33 .33 .33 .33 .33
10 244 P .35 .35 .35 .35 .35 .35 - .35 .35 .35 ,35 - .35
L 40 .40 40 <40 -

410

.‘40

- 40

+40

.40

<40

L40 .

.60

apelleted Milk Replacer

PLiquid Milk Replacer

6L



“TABLE XVII

WEEKLY REPLACER CONSUMPTION FOR THE INDIVIDUAL CALVES®

Week on Experimént

Pair Calf Ration 1 2 3 _ 4 5 Total
- - o B K g ; - -
1 92 pP .05 .53 2.96 3.04 3.04 9,62
200 Lc .60 .58 3.00 3.00 3.00 10.18

2 220 P .02 .16 2.25° 2.69. 2.69 7.81
67 L .53 .53 2.93 2.93 2.93 9.85

3 82 P .07 .40 2.33 2.69 2.75 - 8.24
42 L .58 .58 2.93 2.93 2,93 9.95

4 48 P .37 .58 2.19 2.28 3.02 8.44
8 L .58 .58 2.82 2.82 2.82 9.62

5 64 P .05 .53 2.68 2.75 2.75 8.76
"219 L .58 .58 3.05 3.05 3.05 10.31

6 438 P .05 .14 .62 2.02 3.13 5.96
052 L. .65 .65 3.23 3,23 3.23 10.99

7 655 P .16 .53 2.00 2.69 2.69 8.07

- 302 L 47 47 2.47 2.47 2.47 8.35
8 22 P .02 .18 1.59 2.22 2.22 6.23

‘ 211 L 47 47 2.47 2.47 2.47 8.35

9 350 P .07 .12 1.89 2.28 2.28 6.64
097 L .41 41 2.12 2.12 2.12 7.18

10 244 P .33 .36 2.28 2.28 2.29 7.54
L .53 .53 2.58 2.58 2.58 - 8.80

410

8petermined on a Dry Matter Basis

b

CLiquid Replacer -

; éelleted Replacer

08



TABLE XVIII

WEEKLY STARTER CONSUMPTION FOR THE INDIVIDUAL CALVES

Week on Experiment

Pair Calf Ration 1 2 3 4 5 6 7 8 Total
: kg - .

1 92 pa .06 .81 2.31 5.61 11.21 17.99 18.92 19.17 76.07

_ 200 b .05 .57 3.14 5.78 6.95 13.22 17.56 18.04 65.31

2 220 P .04 .35 "~ .33 .90 3.17 9.45 13.95 15.19 43.39

' 67 L .42 1.66 4.57 4,15 8.32 12.73 16.57 . 17.27 65.69

3 82 P .49 .64 2.05 3.10 9.02 . 14.51 19.97 19.58 69.35

42 L: .28  1.22 4.38 6.07 11.26 16.90 21.59 21.21 82.91

4 48 P .24 1.00 1.32.. 2.60 6.45 9.97 14.75 17.19 53.53

8 L .14 .59  1.55 4.21 7.01 11.79 - 18.06 '19.18 62.54

5 64 P 24 .79 2.01 6.15 10.72  15.30 7.28 12.26 54.76

219 L .51 .57 2.25 2.49 2.82 3.72 6.68 10.20 . 29.25

-6 438 P .03 A7 2,40 0 6.43 8.70 14.73 14.04 20.77 67.58

052 L 1.19  4.61 8.05 10.61 8.05 14.63 18.92 20.86 86.93

7 655 P .29 .36 .09 .71 1.59 6.45 12.06  14.90 36.45

1302 L .22 1.22 3.29 - 2.92 ° 5.84 10.29 13.41 14.78 51.98

8 22 P .06 0 1.20 2.45 6.42 12.09 14.94 16.04 53.20

o211 L .15 - 1.05 2.89 5.73 7.16. 13.86 13.41 16.68 60.93

9 .~ 350 P .43 50 . L46 .2.02.. _4.45.0 9.11 10.86 13.82 41.64

' 097 L .31 .61 . 2.01 2.47 4.19 .9.04 11.53 13.65 43,82

10 244 P .39 41 1.54 5.51 4.71 10.63 14.98 17.89 56.05
410 L

.12 41 .75 1.11  6.06 8.77  11.79  10.62  29.61

#Pelleted Milk Replacer

bLiq—uid Milk Replacer -

18



 TABLE XIX

WEEKLY WEIGHT GAINS OF THE INDIVIDUAL CALVES

" Week on Experiment

Total

Ration

Calf

Pair

® o 9 e s e 8 @ ° s 8 8 e 8 " 0.0 o o @
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s e o ® p o 3 .

47705697535786515565

19022942694975356507
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§.6A97,7.0.J111.0,41;9.8A8.1718,9L0
L 3 L] L] . . L] L] L] L]

430225242 6431142153

38374694410918929949

s & ® o ° @ ° ° @ « o o o e e o o

2122130154 541030010

05599807900855950994
00001 20

98073053945383489048.

® ® e ° s s 9

01 ~ o~ 02010212110 -

[l

NOOMNNNOVBAOTAONINANNROMNNITO
RO NY O F T OriNNINON 1N
NN NTFTOWMN NOMONN

10

qdnunununu o nv1f

PLPLPLPLPLPLPLPLPLPLA

2pelleted Milk Replacer

Priquid Milk Replacer
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TABLE XX

WEEKLY TOTAL RUMINAL VFA CONCENTRATIONS OF INDIVIDUAL CALVES AS DETERMINED BY STEAM-DISTILLATION

Week on Experiment_

1 2 - 3 4 5 6 7 8
(mmole /100 ml)
1 . 92 p2 1.26 5.80 8.55 11.62 11.03 9.93 8.59 9.21
: 200 Lb 1.14 3.08 4,22 8.55 9.12 6.11 8.40 10.71
2 220 P 0.29 3.33 10.04 11.53 8.60  9.52 10.96 10.48
: 67 L 2.51 2.76 5.61 7.96 5.93 "8.87 7.58 8.59
3 82 P 4.11 5.17 8.65 8.62 11.18 8.37 5.86 6.49
42 L 3.39 6.14 6.64 9.24 3.70 10.37 6.27 10.65
4 48 P 3.73 7.11 10.68 10.24 9.84 9.77 4.37 ‘9.81
' 8 L 4.08 3.86 6.02 5.64 9.21 11.25 6.93 9.37
5 .64 P 2.48 5.36 9.59 7.55 10.03 8.27 683 9.87
219 L 5.02 5.55 8.77 9.62 7.71 8.49 10.53 8.87
6 438 P 1.64 4,92 . 10.46 13.31 10.18 9.96 12.06 9.93
‘ 052 L 6.39 6.80 10.68 7.71 6.74 1 9.84 8.77 11.33
7 » 655 P 2.48 3.83 12.75  11.03 12.53 - 11.47 8.68 12.19
302 L 2.64 4.58 9.37 7.80 10.81 12.09 11.34 9.90
8 22 P 2.92 4.28 7.05 7.02 4,42 5:64 5.86 10.68
: 211 L 2.29 5.27 8.80 11.93 11.84 8.65 8.30 ‘10.03
9 © 350 P 6.33 9.24 15.66 13.62 14.69 11.78 14.97 10.46
097 L 3.17 4.99 9.84 6.55 9.06 9.46 11.31 10.06
10 . 244 P 6.96 8.40 . 10.90 11.65 10.68 11.72 8.02°  10.12
410 L 7.8 5.61 6430 7.21 9.74 11.84

14.03

11.25

2pelleted Milk Replacer

bLiquid Milk Replacer

£8



TABLE XXI

WEEKLY . TOTAL. RUMINAL.VFA CONCENTRATIONS OF. INDIVIDUAL CALVES AS DETERMINED. BY GAS CHROMATOGRAPHY

Week' on. Experiment

Pair Calf  Ration 1 o2 3. 4 5 6 7 8
i R ' — — (mmole/100 ml)
1 ' 92 - - pd 1.75 6.85 8.89 7,21 14.87 5.63 10.54 9.66
¥ - 200 LP 1.38 - 2.14 - - 4.66 = 7.62 14,59  .5.86 9.98 10.12
2 220 P- 0.81 3.8l 9.69 7.24.  12.86 5.22 12.65 10.86
67 L 5.98 . 2.35 5.76 . 7.30 4.30 5.96 11.10 11.43
3 82 P 3.60 6.15 4.16  10.88  11.64 8.58 5.37 4.33
42 L 2.78 5.96 9.41 3.41 2.72 9.83 5.19 12.40
4 48 P 3.19. 8.06  11.69 10.71 10.06 9.28  13.37 11.38
8 L 4.06 4.27 7.53 4.61 9.56 11.49 5.60 7.28
5 64 P 0.88 5.83. 8.94.  9.32 0.77 10.64 6.52 9.37
S 219 L 3.47 5.53  11.92 7.68 4.90 9.91 13.95 11.50
6 438 P 1.27 4.79 12.12 8.52  11.28 - 10.40 12.62 9.61
052 L 8.27 5.20  13.39 6.13 . 6.22 10.30 8.17 11.95
7 655 P 2.19 4.62 . 5.31°  19.47 25,54  20.85  14.16 13.45
302 L 2.59 4,22 9.36 6.94  10.66 16.36 11.44 10.93
8 22 P 1.83 4.98 5.58 7.04 5.03 8.31 6.92 15.42
' 211 L 1.66 5.96 8.31 . 15.14 9.56 4.246  11.38 6.89
9 350 P 5.45 10.13  13.36  4.07 14.80 10.32  16.76 12.08
097 L 2.55  5.01 15.49  7.05 9.88 9.39 13.54 11.28
10 244 P 7.44 9.63 8.50-  8.78  15.39 . 16.00  13.58 6.98
410 L

8.36 7.02 7.11 9.70  10.94 11.29. 18.99 10.98

8Pelleted Milk Replacer

briquid Milk Replacer
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TABLE XXII

. WEEKLY MOLAR PERCENTAGES OF VFA IN THE RUMEN FLUID OF INDIVIDUAL CALVES

-.-Week on Experiment

VFAS

.. Ration

Calf

. ..Pair

(molar per -cent)—
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aPelleted Milk Replacer

briquid Milk Replacer
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CVFA Determined were C, - Acetic, C3 - Propionic, G, - Butyrig,and Cg5 - Valeric Acid.



TABLE XXIT (Continued)

:,Week:onfExpériment

Calf Ration

Pair

vFA©
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CYFA Determined were Cy - Acetic, Cq - Propionic, C, - Butyric,and Cg - Valeric Acid.



TABLE XXII (Continued).

Week on Experiment
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“FVFA Determined’wére Cz.f'Aceticq C3 - Propionic, C4 - Butyric,and Cg - Valeric Acid.



TABLE XXII (Continued)

- Week on Experiment
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CVFA Determined were Gy - Acetic, C3 - Propionic, G4 - Butyric,and CS - Valeric Acid.
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WEEKLY LACTIC ACID GCONCENTRATIONS IN THE RUMEN FLUID OF"INDIVIDUAL CALVES

TABLE XXIII

- Week on Experiment

6

1 3.4 5
B (mg /100 ml)__— "

1 92 - pa 0.51 1.39 "5.61.  .2.08 2.56-  4.40 8.20 . 9.60
- 200 Lb 0.63 2.66 1.49 16.00 2.68 4,48 29.10 '2.52
2 220 P 0.80 0.62 1.91 3.20 1.76 37.00  37.25 1.87
. " 67 L 1.04 0.98 1.52 2.48 7.43 1.18 - 25.40 2.48
3 82 P 2.55 0.75 1.73 1.56 1.82 1.86 4,52 " 3.56
42 L 0.95 1.84 1.41 1.78 18.60 2.00 1.93 2.28
4 48 P 1.22 61.60 56.20 46.50 10.50 1.96 1.87 12.20
-8 L 27.60 62.40 - 2.81 .36.70 15.10 23.35 5.00 3.40
5 64 P 1.12 -1.07 2.19 9.92 4,96 7.98 11.30 22.26
o 219 L 1.52 1.25 2.37 2.45 1.84 - 3425 2.76 7.80
6 438 P 0.67 1.39 3.38 2.28 15.00 40,00 - 5.32 42.80
052 L 47.20 2.56 3.20 1.76 2.45 10.50 4.00 6.64
7 655 P 0.86 - 2.01 3.73 1044.00 1208.00 28.80 7.34 5.20
302 L - 0.72 1.16 2.43 3.02 5.09 8.23 9,43 28.35
8 22 P 26.78 119.20 36.00 1.65 1.76 3.00 1.96 2.52
o o211 L - 4,65  2.10 2.85 2.40 6.42 4.85 1.81 4,97
9 350 P 28.20 = 15.60 3.34 2.16 . 3.52 2.20 3.84 1.73
097 L 0.74 1.42 2.66 2.48 2.88 3.73 2.79 1.76
10 244 P 1.25 2.18 1.51 2.32 2.64 2.32 2.45 1.44

410 L 2.02 2.93 3.10 2.2% 2.72 3.20

3.12 -

1.93

3pelleted Milk Replacer

bLiquid Milk Replacer
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TABLE XXIV

WEEKLY pH VALUES OF THE RUMEN FLUID OF INDIVIDUAL CALVES

Week on Experiment

Calf
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