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INTRODUCTION

The rumen plays an important part in the digestive
process of the bovine species. Here the feed after being
swallowed is stored, mixed, and softened with water and
saliva, as well as subjected to bacterial action which
aids in digestion. Becsuse of the very important role of
the rumen in bovine nutrition, it becomes inoréasingly
important to study the development of this organ in the
young animal.

A study of the young bovine stomach is of interest
as it may relate to early feeding possibilities and to
potential development and function. The earlier calves
can be induced to efficiently utilize roughage the more
economical a celf feeding program will be. Economy &nd
efficiency in feeding the ruminant are based fundamen=-
tally on teking full advantege of rumen function with
particular emphasis on the development which results in
be tter dipestion of roughages and the synthesis of high

quelity proteins and vitamins,

Although there has been extensive research on rumi-
nants of various ages there is only a limited amount of
critical knowledge of the factors affecting the development
of the fore-stomach of calves and the importance that

should be attached to this development. No reports based
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upon direct observations have been found which specifically
outline the development of rumination.

In the investigation reported here young Jersey and
Holstein calves were observed at intervals during early
growth to note the various activities with specisal emphasis
upon rumination, From these observations it was possible
to get a picture of the progression of rumination as the
calf matured. Several young ruminating and nonruminating
calves were slaughtered for observations of the develop~
ment of the digestive organs., The amount of -glucose in
the blood of a group of calves was determined and these

data also were used as an indicetion of rumen development,



REVIEW OF LITHRATURE

Early work. The mejor investigations of calf nutri-

tion up to 1940 have been reviewed by Savage (50). In this
feview it wes stated that Spallanzani msde some studies con-
corning chewed and ndn—chewed food in oxen as esarly as
1800, He found that chewed foods were easily digested in
the ruﬁen; whereas, unchewed foods were slowly digested.

1t was also stated that Tiedmann and associates in 1826
found that milk fed to calves passed directly into the
fourth stomach, These investigators also found that cer-
tain gases and aeids were produced in the rumen after the
feeding of hay. Early work in England concermed with
ruminant digestion was the feeding of perforated silver
spheres containing food material and comparing the rate at
which the contents were dissipated.

Some of the first work in the twentieth century was
devoted to the study of vitamin B, commonly referred to as
a growth promoting vitamin, Workere as early as 1922 con=
eluded that the absence of this factor from the diets of
animals led to impaired growth and undermining of health
and vigor. This also had an effect on the ability of a
mo ther to raise youhg (3).

Fetal development of the ruminant stomach. Thirty-

four pregnant Jersey cows were slaughtered by Becker,
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DixArnold, and Marshall (4) for observations of the fetuses

with emphasis on size and weight of the stomach. They
found that up to 59 days after conception, the reticulum
was not sufficiently differentiated for a satisfactory
gross sepsaration from the rumen. In 4-month~old fetuses
the rumen dominated in weight and was 2 to 3 times the
weight of the abomasum. After this point the abomasum be=-
gan to increase in weight more rapidly than did the other
compartments of the stomechs At full term, the abomasum
was found to weigh nearly as much as the other compart-
ments combined.

During early fetal life the omasum ranked second
to the rumen in weight, but generally was heavier than the
sbomagum up to 5.5 months. At 7.5 months the omasum was a
less prominent part of the total stomach. The rumen had
attained double the weight of the omasum at the time of
birth. Table I gives a comparison of weights of the stom=
ach compartments at different fetal ages (4).

Postnatal development of the ruminant stoméch. The

fact that the sbomasum in the newhorn calf is considerably
larger in weight and capacity than the rumen has been re-
ported by several workers (17, 31, 35, 61, B2).

Sisson and Grossman (52) reported that the reticulo~
rumen constitutes about one third of the total stomach

capacity at birth and that it increases to about 85% at

YAl e



TABLE I

EMPTY WEIGHYTS OF FETAL STOMACH COMPARTMENTS
AT DIFFERENT AGES @

Days
:::::p- Rumen Reticulum Omasum  Abomasum Total

tion
(gs) (ge) (ge) (ge) (ge)
72 0.19 0409 0416 0.09 0453
81 0467 0415 0s44 0439 1.56
93 1.69 0,40 0499 0.72 3480
100 2,73 0462 1.95 0.83 6413
109 4.28 0465 2,78 1.45 9.16
118 4,16 D464 2.82 1.38 9.00
127 4,12 1.64 4,12 Ba47 16435
138 11.51 2437 8407 6440 28,35
148 12,62 3.86 8480 B34 33,62
151 13,62 2.93 12,07 7.85 36437
177 27.46 5.32 16,09 25.67 74454
186 31.88 8438 26.82 37.03 104,00
204 43.13 12,03 33470 46,77 135463
228 73456 16469 34410 87433 211,68
236 70.75 20,19 40,20 85423 216437
250 68400 14,50 19.00 66400 167.50

& pFrom Becker, R. B., et al.

1951,

Je Dalry Sci., 34: 329.



6
maturity. According to Grossman (17) the first three stom-
ach compartments have sbout half the capacity of the
abomasum at birth.

MeNeill and associates (40) have observed that ru-
men fluid of the newborn calf is & mixture of bacteria,
protozoa, plant fragments, soil, and many chemical com=-
poqnds. both substrates and end products in aqueous
solution and suspensions. At the time of birth of the
calf, all sections of the alimentary tract contain a mix-
ture of fluids and various solids including hair.

The following criteria indiecative of rumen develop-
ment have been suggested by Lengeman and Allen (34):

l. GSome measure of the ability to digest cellulose

£« A description of the more characteristic types

of bacteria

3+ A measure of some of the rumen scids

4. An estimate of the total bacterial population

5:+ HNumbers of protozoa
These workers collected rumen samples from at least five
animals from each of the following age groups: 0 to 1
month, 1 to 2 months, 2 to 3 months, 5 to 6 months, 10 to
12 months, and lactating cows over £ years old. A stomach
tube was used in obtaining samples 6 hours after feeding.
The samples were squeezed to about 24% dry matter. The

liguid portion was used for protozoa counts, cellulose
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digestion, and rumen acid determinstions. The dry portion
was used for identification and determination of total
numbers of different types of bacteria. No great differ-
ences were found among animals over 6 months 0ld sccording
to these criteria.

The method of feeding liquide to calves appears to
be important as related to postnatal development of the
rumen, It has been shown that liquids go to the rumen in
abnormal eamounts when the calf is fed from open pails.

The esophageal groove is known to control to & certain ex-
tent the course of liquids. In describing the esophageal
groove Duke (12) stated,

The esophageal groove {(reticular) functions as a
conduit closure for milk or water on the way to the
reticulo~omasal orifice. The reflex by which the
groove is closed has been thought to diminish in
sharpness as the asnimal matures.... The shift from
the sucking desire to the thirst desire is signifi-
cant in the mechanics of the esophageal groove,

The cause of the unthrifty appesarance commonly ob-

‘served in young dairy calves in modern dairy herds has been

partially attributed to deviation from "nature's way" of
feeding by Wise and Anderson (59). These workers used
seven calves in each of two groups %o study the effect of
different milk feeding methods on the course of liquids to
and through the stomach. One group was fed from an open
pail and the other through a nipple bucket with & valve.
In only 2.2% of the cases did milk flow into the rumen




when taken from the nipple pails. Up to 50% of the milk
consumed from an open pail escaped into the rumen, Similar
results were obtained from the drinking of water.

Dietary factiors affecting rumen development. The

diet is an important factor causing structural changes in
the ruminant fore-stomach after birth. Calves subsisting
on liquid diets have been shown to have undeveloped rumens
(6, 32, 56)+ Blaxter et al. (6) reported that calves given
roughage in addition to milk, developed larger rumens than
milk~fed calves growing at the same rates; IHe also stated
that roughage=~fed animals have no significent inecresse in
rumen tissue weight over the milkefed animals. The in-
crease in size was attributed to the stretching of tisesues
by the bulk of hays Warner (57) supported this with some
experimental evidence. At 3 days of age, Z4 calves were
taken from their dams and allotted to Groups I, II, and
11I. Two calves from each group were slaughtered at 4, 7,
10, snd 13 weeks of age for stomach observations.
The following rations were fed:

Group I +« Mineralized milk

‘Group II & wilk and dry calf starter

Group III = Milk plus hay

Reticulo~rumen volumes (liters per 45.4 kg. of

empty body weight) were determined at 4 and 13 weeks of

age for the respective groups. They were: I = 3.7, 3.8
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II = 58, 12.5; III - 4.4, 3l.4; respectively. These data
suggest that hay stretches these organs. Papillary devel=-
opment in the rumen walls was advanced equally well in
Groups I1 and III, but Group I had only rudimentary papil-
lae. This indicates that if rough material is required
for rumen development, dry calf starter probably contains
an adequate amount.

MeCandlish (37) compared & milk diet with other
diets as they affected rumen development. 8Six calves were
useds The study was started at birth of the calves and
they were fed experimentally to an age of 120 days. Three
feced lots were set ups The calves in Lot I remained on
the cow a few days, after which milk was fed three times ‘
daily in as large amount as could be handled. Salt was
fed free choice. In addition to the above, Lot II had a
free choice grain mix which consisted of five parts cracked
corn, two parts ground oats, two parts wheat bran, and two
parts linseed 0il meal by weights Lot III had all of the
above, plus free access to good quality alfalfa hay.

There wag a significant difference among the three lots in
growth, It was concluded that milk alone was not suitable
for growth, but milk and grain gave even poorer results.
The lot receiving alfslfa hay in addition to milk and grain
gave superior rates of growth, The additional nutrients

supplied by alfalfe hay was not the main reason for the

:
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good results. The advantage was attributed to bulk which
encouraged rumen synthesis of vitemins and other nutrients
from the ration. Pounden and Hibbs (45) sgreed with this
conclusions They found that rumen bacteria are poorly

established when & high proportion of grain to hay is fed.

In another study Hibbs et al. (22) raised a group
of Holstein calves to 6 months of sge on & high}roughago
system in which the ratio of hay to grain was 3:2. Growth,
&8 indicsted by weight and height at withers, was slightly
less than the Ragsdale (}Mo.) standards. No significant
difference was noted in feed utilization between the breeds
during the whole 6-month period.

At the age of 12 to 16 weeks molasses was added to
the ration and at the age of 18 to 26 weeks penicillin was
supplementeds No significant benefit was produced by
either of these in a 3:2 hay to grain mixture as measured
by growth, feed consumptibn. or efficiency of feed utili-
zation,

Eight female and four male grade calves were used
in & study by Wise, Peterson, and Gullickson (60) aimed at
exploring the effect of a whole milk diet. It was found
that this caused anorexia, nervousness, and digestive dis-
turbances. Blood was analyzed weekly for sugar, plasma
fat, hemoglobin, and magnesium. A constantly high amount

of blood sugar, extremes in fat of plasma, decrease in
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hemoglobin, and a gradual downward trend of magnesium in
plasma were found. These were all indicative of undevel~-
oped rumens.

In a aiﬁilar experiment Mead and Regan (41l) fed six
calves a normal grain ration which was void of any roughage.
These calves were fed, in addition, the amount of alfalfa
ash that would have been supplied in an alfalfs hay ration.
Two other animals were used as controls: Among the many
adverse effects were discharges from the nose and eyes.
This was relieved by the administering of cod liver oil up
to 19 months of age. There was also 8 marked calcium de=~
ficiency as weak bones persisteds These workers summarized
by saying that calves could be raised to 19 months of age
with normal growth on a no roughage ration provided they
are supplemented with alfalfa ash and cod liver oil.

It has been demonstrated that vitamin B complex can
be synthesized in the functional rumen of adult cattle (3,
9)s Conrad (9) concluded as & result of sampling stomach
materials from young ca&lves by uge of a stomach tube, that
rumen synthesis occurred at & relatively high rate by the
time the calves on a roughage feed system were eating 0.2
1b, of dry feed or by the time the calves were 3 weeks of
age. Also it was concluded that the calves were synthe-
giging thiamine and riboflavin in adequate quantities by 7

weeks of age.
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Twenty calves were fed normally on milk, grain, and
hay by Kesler, Ronning, and Knodt (31) and slaughtered at
intervals for rumen observations. There was & progressive
inerease in rumen contents and size from 1 to 4.5 weeks of
age with no change in the abomasums The pH was 5.5 to 5.6
for rumen contents and 3.4 to 4.0 for abomasal contents.
Algo in this study, 24 calves fed normal rations were
slaughtered at 2, 4, 6, 8, 10, 12, 14, and 16 weeks for
data on rumen contents, weights, and observations., All
calves 6 weeks and older had nomal adult-type rumen con=-
tents as shown by consistency, odor, and the small samount
of free liquid present. Calves less than 6 weeks old had
varisble rumen contents. The greatest change in properties
of the contents of the digestive tract ocourred at 32 to 42
days of age., Fifteen calves that were fed only milk and
milk replacement had liquid rumen contents with a foul
odor, and a putrid odor in the lower intestines at 8 days
of age.

After 4 days of age, calves born in the Ohio State
University dairy herd were assigned by Hibbs and Pounden
(24) to one of six feed groups as follows:

1. Alfalfa and cud inoculations

2 Alfalfa hay alone

3+ Alfalfa, grain, and rumen inoculations

4, Alfalfa and grain
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bs Alfalfa and calf starter

6¢ Whole milk only
Blood samples were taken weekly to 42 days of age and were
analyzed for carotenoids and vitamin A, Rumen inocula-
tions had no marked effect on blood carotenoid levels, but
rations of alfalfa and whole milk resulted in higher levels
after 14 days of age than were observed when grain was in-
cluded in the ration. Neither inoculations nor the type
of ration fed markedly influenced the plasma vitamin A
levels, These results tend to indicate that palatable,
high quality roughage stimulates the early development of
rumen funetion in the young calf and appears to have a
favorable physiological effect in meeting the vitamin
needs of these animals.

In order to get more complete information about the
practice of rumen inoculation, Conrad and associates (10)
uged balance trials in compafing the digestion of rumen
inoculated &nd uninoeculated calves, Ten male Jersey
calves were divided into two groups. Group I was unin-
oculated and Group II was inoculated with small pieces of
cud material from normal adult cattle, This material was
placed in the mouth of the calves at 11, 16, &nd 21 days
of age. Alfalfa hay was fed ad libitum to each group
along with & normal grain ration. It was found that inocu-

lation encouraged hay consumption at an earlier age than in
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the uninoculated group. Group 1l digested & higher per-
centage of cellulose and other dry matter than did Group
I, while there was no significant difference in protein
digestion between Group I and Il. The results of this
study showed that rumen inoculations increased digestion
of roughage at an early age.

Hibbs and associates (21) made studies of a low
cost, high roughage system of raising calves based on early
development of mature type rumen function. To one group
of calves a 2:1 hay to grain ration was fed, and to a
gecond group a 4:1 ratio was used. The hay was high qual-
ity grass-legume and the grain was a simple 14.5% protein
mixture., To facilitate early ruminstion, rumen microorgan-
isms were supplied through rumen inoculations. This was
done by using fresh, warm cud msterial from healthy, ma=-
ture cattles In this system there was no advantage to
feeding a complex calf starter ration, if a high quality
and acceptable roughage was made available. Although
significant, the difference between the weight gained by
the 4:1 and 2:1 groups was small. The 2:1 hay to grain
ratio showed more favorable pains,

The benefits of adding antibiotics to poultry and
swine rations have been well establisheds Antibiotic feed-
ing for ruminants is still of considerable interest to rumen

nutritionists, physiologists, and bacteriologists (33).
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In a recent study by Hibbs et al. (23), 24 Jersey
calves (12 male and 12 female) were used to determine the
effects of feeding aureomycin to calves raised on the high
roughage system using three ratios of hay to grain. The
ratios were 4:1, 3:2, and 2:3; each used in a separate
group. There was also & control group. "Aurofac ZA" was
fed at the rate of 15 mge. per day for the first 7 weeks
and at 20 mg. per day per 1lb. of dry feed ingested for the
remainder of the study.

Aureomyein increased growth and feed intake in all
groups. However, the percentage of dry matter, cellulose,
end protein digested was not influenced. Riboflavin
content eppeared higher in rumen juice and urine when
asureomyein was fed, but the thiamine content was not af-
fected. Aureomyecin feeding practically eliminated the
establishment of rumen bacteria in the 3:2 hay to grain
group. These bacteris were well established in the con-
trol group. Increasing the amount of grain fed in relation
to hay resulted in a progressive decrease in rumen bacteria
in all hay to grain ratios, whieh is in agreement with
other published results. This evidence suggests that the
growth stimulation due to aureomycin feeding resulted from
an alteration in energy metabolism, possibly involving the

microflora and fsuna of the rumen. Hogue et al. (26) are

not in full agreement with the preceding study. They have




16
reported an increase in protein digestion and retention
when sureomycin was fed. A difference in rations used in
feeding the experimental animals could possibly cause this
difference in results.

Raddison et al. (48) found in artificial rumen
studies that rumen juice samples taken from sureomycin-fed
calves had a lower digestion of filter paper cellulose
with or without starch or grain, and/or when grass juice
was added than d4id samples taken from calves not fed aureo-
mycin, When alfalfs hay was substituted for filter paper,
only a slight inhibition was noted.

Kesler and Knodt (30) added erystalline terramyein
daily to the diet of six male Holstein calves at the rate
of 20 mge. per 100 1b. of body weights Three milk fed con=-
trols were also observeds The antibiotic was added to the
milk ration up to 8 weeks of age., At this point the terra-
mycin feeding was continued for three calves and stopped
for the other three. The study lasted for 16 weeks. Tor-
ramyein gave a 22.7% increase in weight over the other milk
replacement-fed calves, but gave no increase over the whole
milk-fed group. The rumen samples were tested for cellu-
lose digestion., The terramycin~fed calves had & lower
digestion (24.2%) than did the control calves (67.4%).

Chemical changes due to rumen development. The de-

velopment and functional changes that occur in the rumen
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of the young dairy calf as it increases in age are not
well understood. More work is neecded coneerning the meta-
bolic utilization of the products resulting from microbial
fermentation in the rumen.

Teeri, Keener, and Morrow (55) used Jersey, Guernsey
and Holstein calves under 5 months of asge in a study of the
glucose and ascorbic acid of blood. The calves were fed a
ration consisting of grein, hay ad libitum, and whole milk,
Blood was collected for test from calves 4 weeks and
younger, 5 to 8 weeks, 9 to 14 weeks, and 15 td 23 weeks
of ages No significant difference was found between breeds
at any ages The values found for glucose were 110 mg. per
100 ml. of blood for the 4-week=-o0ld group, 89.7 mge per
100 ml. for the 5= to 8-week 0ld group, 765.7 mg. per 100
ml. for the 9- to l4-week=-o0old group, and 74.Z mg. per 100
mle. for the 15- to 23-week-0ld group. Ascorbic acid values
were found to be 0.50 mg. per 100 ml. plasma for the A-week-
0ld group, 0«41 mg. per 100 ml. plasma for the 5~ to 8-week~-
old group, 0«45 mg. per 100 ml, for the 9~ to l4-week=-old
group, and 0.48 mg. per 100 ml, for the 15~ to Z3-week-old
group.

This same general trend of blood glucose levels has
been noted by other investigators (24, 3z, 36, 49, 58).
McCandless and Dye (36) studied glucose levels of several

young domesticated and wild ruminants ineluding sheep,
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calves, goats, addax, antelope, aoudad, Asiatic deer,
Dybowski's deer, eland, European red deer, Indian black
bueck, mouflon, and white tail deer., These animals were fed
only their dam's milk the first week of the study with calf
starter and hay free choice in the following weeks. Young
ruminsnts were found to have high glucose levels in the
"earnivore range” during the first few weeks of life. The
averages were 97 mg. per 100 ml. blood for the first 10
days, 85 mg. per 100 ml. blood the second 10 days, 80 mg.
per 100 ml. the third 10 days, 77 mge per 100 ml, the fourth
10 days, and 61 mge per 100 ml. the fifth 10 days.

The glycemic levels were inversely related to size
and functional development of the rumen., The changes in
blood glucose appeared as the young animals underwent a
gshift from milk to hay., These changes were believed to
result from rumen bacterial changes &nd their incidental
metebolism, Pasting ruminants were found to have a de=-

erease in glycemic levels of the blood.
Dye (13) confirmed the above relationship and stated

that during the first year of life, there exists an inverse
relation between the glycemic level and functional develop=
ment of the rumen in both domesticated and wild ruminants.
Hyperglycemic curves following meals consisting of milk
alone, were higher than when milk waa'aupplemantea with

grain and hay.
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Murley, Jacobson, and Allen (43) studied chemical
changes of the blood using ten Holstein calves. They were
fed 20% reconstituted skim milk, hay, and calf starter.
Hay and concentrate were increased 2 1lb., per week until a
level of 1 1b. per feeding was reached. This ration was
fed throughout the l2-week experimental period. Blood
glucose decreased throughout the experiment. These authors
have questioned the assumption that the glucose drop is
associated with & dietary change because their calves were
fed the same ration throughout the experimental porlod.:

Twelve Jersey and nine Holstein calves were assigned
by Hibbs et al. (24) to three groups varying only in ratios
of hay to grain., The ration consisted of & normal calf
gstarter and good alfalfa hay fed in 4:1, 2:3, and 3:Z hay
to grain ratios. For comparison, four Jersey calves were
fed exclusively on whole milk to 12 weeks of apge. Fresh
cud inoculations were given to all calves weekly for the
first 6 weeks. Total fatty acids, pH of rumen contents,
and blood glucose were used as an index for rumen develop=-
ment, Determinations were made at 4, 6, 9, and 12 weeks
of age, Patty acids were found to increase from 56 to 64
mge per l. of rumen contents in the 4-week-old calves to a
maximum of 84 to 99 mg. per 1, at 9 weeka of ages It was
noted that pH increased during this period at a higher
rate and level for the higher hay to grain ratios, but the
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difference between hay to grain groups was not significant.
This sugpests that the buffering capacity in the stomach
increased as the hay intske inereased. Blood glucose was
found to range from 80 to 87 mg. % at 1 week of age and
52 to 58 mg., % at 8 weeks of age, after milk feeding was
discontinued with no marked difference between hay to
grain groupse A sharp decline in blood glucose came at 6
to 8 weeks of age, which was apparently associated with a
reduction in milk feeding.

Six lambs of mixed breeds were used for blood analy-
sis by Reid (49) in a rumen development study. Volatile
fatty acids, blood glucose, and blood plasma glucose were
determined weekly. Volatile fatty acids rose steadily
with inereasing age to 3 months of age, when the adult
level was reached. The range was 4.0 to 14.0 mge per 100
ml. blood. Blood glucose fell steadily as the calf aged
until mature levels were reached. There was & 100% drop
before the onset of rumination. Plasma glucose remained
at & constant level for the first 3 weeks, then decreased.
Corpuscle:plasma glucose ratios were 0,45:0.99 initially
and declined to 0,03:0.39 and remained so until the eighth
week,

Eight adult sheep were used to arrive at an adult

corpuscle:plasma glucose level, which was 0:0.,256. It was

concluded that there is no close relationship between
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glucose levels and rumen development. This conclusion is
based on the following statements:

le Glucose declines after the first week, but
rumen development is negligible during the
first 3 weeks. (The author did not mention
the method used to determine the lack of
rumen development.)

2. More than 50% of the glucose fall occurs before
solid food is eaten. (The lambs were not de-
liberately fed any solid food although the
author stated that they had free sccess to
their dam's feed.)

3. A large proportion of the decline is due to
the disappearance of glucose from the corpus-
cles, which starts at birth and is not
associated with rumen development.

In & recent study by MeCarthy and Kesler (38),
glucose and volatile fatty &cids in the blood of a group
of calves were deiermined every 7 days. Glucose was found
to be 113.4 mg. per 100 ml., of blood at 7 days of age, and
eteadily decreased to 43.9 mg. at 42 days of age. A range
of 40 to 60 mg. was maintained throughout the remainder of
the l6-week experiment. Total volatile fatty acids in the

blood increased from 2.28 mg. per 100 ml. at 7 days of age

t0 6424 mg. at 105 days of age.
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This general trend has also been reported by other
workers., Hodgson et 8l. (25) found no significant differ-
ence between breeds in levels of glucose in the blood of
cows and found no effect of feeding time. Xennedy (29) in
& more recent study, found blood glucose levels to rise
sharply in calves directly after feeding. He conecluded
that there is little delay in lactose absorption in celves
when milk is passed directly into the abomasum.

In & later study by KcCarthy and Kesler (39), a
report was made of the effect of diet on blood glucose and
volatile fatty acids in Holstein calves. Three trisls were
set up with the only major difference being the ration sup-
plied, Tha calves in trial 1 had 5§ 1b. of herd milk twice
daily to 42 days of age and excellent quality alfalfa hay.
Trial 2 was different from trial 1 in that a poorer
quality mixed hay was supplied. Calves in trial 3 had 5
1bs of milk replacement twice daily with mixed hay. A
steady decline in blood glucose was noted in the trial 1
calves, Thoge of trial Z and 3 did not tend to decline,
but they had started at a lower level. There was & steady
increase in volatile fatty acids in all three trials.

Studies have been conducted by Lambert (32) and
Allen (1) directed at determining the relationship of fat
to the development of the rumen. Both have found the fat

level in the blood to be relatively constant and only
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pregent in traces at the l-week age. As the feed intake
inereased, fat increased to about 168 mges per 100 ml. of
blood at 4 weeks of age. The fat content also was found
to vary with the amount of fat in the feed.

Weldo and Schultz (56) conducted a series of studies
aimed at determining the occurrence of lactic acid in the
rumen, and its value as eriteria for nommal adult-type ru-
men function. Two groups of fistulated Holstein steers
were used. One group was normally fed, while the second
group was fed different carbohydrate supplements. Ed lac~
tic acid was found in the normally fed group before
feeding, but it rose to a peak at 1 hour after feeding.
Lactic acid declined rapidly to prefeeding levels on all
rations., Silage gave the highest concentrations, probably
because much acid was introduced. Grain caused & higher
level of laectic acid than did hay alone. Glucose was the
only carbohydrate that produced lasctic acid in the group

of fistulated steers.

Rumen contents were analyzed for acid production in
a8 study by Tengeman snd Allen (34) as a measurement of the
maturity of the rnhen. At least fivo ahimals were sampled
from each of the following age grcups: 1 month, 1 %o 2
months, £ to 3 monthe, 6 to 6 months, 10 to 12 months, and
cows over 2 years (milking). The chromatographic method

was used in the determinations. No significent difference
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was found between groups in amounts of propioniec and bu-
tyric acid., Acetic acid was significantly lower in the
l=month~-0ld group than in the others. The l-month-old
group also showed greater amounts of succinic acid and lac-
tic acid fractions. According to these griteris no
difference was noted among enimals over 6 months of age.

MeCarthy and Kesler (38) have made one of the latest
studies concerning rumen development in which rumen Juice
samples were taken every 7 days from & group of calves.
The experiment was ended when the calves reached 105 days
of age. They found that volatile fatty acids in rumen
juice inereased from 156 mg. per 100 ml. at 7 days to
about 600 mg. per 100 ml. at 63 days, which was maintained
for the remainder of the experiment. Cellulose digestion,
which was determined in the artificial rumen, inereased
steadily from 48.6% at 7 days of age to 87.1% at 105 days
of age,

Eight female and four male grade calves were used
by Wise, Peterson, and Gullickson (60) to study the effect
of a no roughage diet on blood composition. The ration
consisted of fresh raw milk fed twice daily and a grain
ration and pasture ad libitum. Weter was resiricted; how-
ever, in order to increase the desire for milk. Blood
plasme was analyzed for calc;um; inorganic phosporous,

magnesium, and fat. Whole blood was anaslyzed for
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corpusculer plasma volume, hemoglobin, and sugar. The
analysis was a weekly procedure. Restriction to & whole
milk diet was tound to cause anorexisa, nervousness, and
digestive disturbances. Blood anslyses showed high blood
sugar, extremes of fat in the plasma, & decresase in hemo-
globin, and & gradual downward trend of magnesium in the
plasma.

Bacterial chanpges due 1o rumen development. The ru-

men depends largely upon bacterial action for digestion
and vitamin synthesis. Pounden snd Hibbs (47) have ob-
served four general microflora types in mature rumen
contents. These types were large coccoids, large cigar
shaped rods, small rods in flat rectangular groups and
large thick square ended rods. These workers raised a
Jersey calf to 6 months of sge with a rumen free of proto-~
zoa, but containing large masses of cigar shaped rods.
It had 2 neat, healthy appearance like 12 similar calves
which received rumen inoculations, &rd were fed similar
feeds. Three other calves whose rumens were devoid of the
usual protozoa and the three rods, but contained large
coccoids, had rough hair coats, and their abdomens appeared
abnormally deep and pot bellied.

Rumen samples from about 100 adult cows and 100
calves in seven herds and 150 sheep from four flocks lo-

cated in various parts of Ohio, New York, and Tennessee
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were studied by Gall and Huhtanen (16) with respect to
kinds and numbers of bacteria present, Results were ob-
tained from over 5,000 isolations. From the data obtained
five ceriteria were set up for judging true rumen organ-
ismess The eriteria were anaserobiosis, presence in numbers
of at least 1,000,000 per gs of fresh rumen contents, iso~
lation of similar types ten or more times from more than
two different cows, isolation of similar types from two or
mo re geographic locations, and the production by organisms
of end produéts from substrates found in the rumen.

A proper pH is obviously needed in the digestive
traect for optimum bacterial conditions. Monroe and Perkins
(42) studied rumen samples from 16 cows and steers fitted
with permanent rumen fistulae. When mixed hay was fed, the
pH was 7.01; hay and corn silage, 6+95; bluegrass pasture,
6.47; and alfalfa pasture, 6.66«

Two hundred calves from three states and 200 adult
cattle from eight locations were used in obtaining rumen
flora data by Huhtanen, 8mnd§ra, and Gall (28). Calf
rumens were consistently found to contain nine organisms
not usually found in adult rumens, Eleven organisms char-
acteristic to adult rumen were found in calf rumens as
early as 2 months oi age, and were found to increase in

numbers as the animal aged. Organisms commonly found in

calf rumens were fast-growing, lactic acid-forming
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bacteria, which produced a low pH and heavy turbidity.
Adult organisme grew more slowly with higher pH and little
turbidity. Only two typee of bacteria were found in the
rumens of animals of all ages. More than two organisms
have been commonly found in ruminants of all ages by other
workers (16, 46, 47) as explained previously.

- Contents of rumens of three inoculated and three
uninoculsated isolated calves were studied by Bryant and
Small (7). Cultural methods and direct microscope exami~
nations were used in the examinations. Many bacteris and
protozoa were established in the inoculated group as early
as 6 to 9 weeks of age. PFew bacteria and none of the in-

: diéative protozoa were found in the inoculated calves even
after 17 weeks of asge. These workers concluded that inocu-
lations will hasten protozoa development, but not bacterial
development, unless calves are raised under isolated con-
ditions.

The metabolism and physiology of rumen bacteria
have been recognized bi geveral workers as being directly
concerned with the development of the rumen and the nutri-
tion of the animsl (10, 21, 40)., The purpose of a study
by MeNeil, Doetsch, and Shaw (40) was to obtain information
that would reveal the nature of the essentiality of rumen
fluid to the rumen organisms. No materials were found

which possessed the same stimulatory effect for the oversall
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rumen population &s did rumen fluid. Rieh nitrogenous
materials ordinarily used for the growth of fastidious
bacteria did not contain to any degree the essential fac~-
tors found in rumen fluid. In fact many substances were
found to be inhibitory. Rumen fluid was found to be a
souree of both nitrogen and growth factors when used in
media for cultivating rumen bacteria.

Physiology of rumination. Rumination consists of

the mechanical factors or phases of digestivn. The phases
ere regurgitation, remastication, insslivation, and re-
swallowing. These four phases together with a slight pause
after reswallowing, may be said to make up a "eycle of
rumination” (12). The complex stomach, which is possessed
by all ruminants, is a prerequisite of rumination, rather
than the cause of rumination. Not 21l animals with complex
stomachs ruminate (whale, hippopotamus, sloth) (5).

The graphic method wes used by Bergman and Dukes (5)
to analyze the act of regurgitation of the ox. The intra-
pulmonie changes of pressure during and between the act of
regurgitation, movements of thoracic walls, movement of
boluses in the neck, rumen pressure, and chewing movement
were recorded on smoked paper by means of a pressure-oper=~
ated recording tambour. Numerous direet observations also
were made by means of a permanent fistula located in the

left flank of the snimal.
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During the act of ruminating, a decided fall in
intrapulmonic pressure was found. A negative pressure was
experienced inside the esophagus as seen by a definite
suction at the cardia at the time of regurgitation, From
these and other observations several conclusions were made.
In regurgitation in the ox, the entrance of food into the
esophagus is effected by an aspirastory act of the thorax,
the necessary negative pressure in the esophagus being pro~
duced by an inspiratory effort with a closed glottis. No
definite bolus formation was noteds A fairly fluid con-
dition is necessary for successful regurgitations. The
rumen and abdominal muscles were not contracting at the
moment of regurgitation. The esophageal groove appears
to take no active part in regurgitation.

The study of the food bolus was undertaken by Schalk
and Amadon (51) using the gastriec fistula method. Both
visual inspection and manual palpation were used in the
studies of a cow with & permanent rumen fistuls in the
left flank. The rumen interior was illuminated by & small
electric bulb supported by a three-foot length of stiff
galvanized wire. The bolus, during the course of a meal,
was projected into the stomach with considerable force and
was rapidly deposited in the anterior rumen region.

The form, weight, and consistency of the bolus

varied considerably, depending upon the type of food being
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digested. Forage material such as green or cured hay was
molded into a firm, oblong mass with rounded extremities.
This type of bolus can be removed from the stomach immedi-
ately following its entrance, and will preserve its form
even after extensive handling. Cured hay boli will float -
in water due to low moisture, but their weight rapidly in-
creases after their arrival within the rumen due to
absorption of the liquids in the rumen. Concentrate boli
are much heavier than those composed of forage material
due to higher density and more rapid moisture penetration.
Ground feed forms a doughy bolus &nd quite often is dry in
its center., The mecan weight of hay boli was 85 g.; whole
cats, 140 g.; ground grain feed, 101 g.§ and whole corn,

81 g

The bolus was deposited just within the cardia in
the anterior part of the rumen. It was found that the
reticulum undergoes two contractions following the entrance
¢f one or sometimes several boli into the rumen. These
contractions were closely spaced, the second being more
powerful than the first. These contractions forece flows of
reticular ingesta posteriorly into the rumen cavity. These
flows of liquid pley an important part in transporiing
newly arrived food material away from the cardia region.

Light-weight boli are obviously more easily moved posie=

riorly than are the heavy grain boli, thus hay boli are
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usually stored in the depths of the rumen cavity, This
movement is important to keep the space clear, which pre-
vents any obstruction of the cardiac orifice. The rumino-
reticular fold was found to be instrumental in directing
the flows from the reticulum over the cardia region.

These workers are in sgreement with others (5, 15) in
stating that much liquid is needed for efficient rumen
operation.

Remastication is accompanied by reinsalivation.
The remastication according to Puller (15) was very slow
and deliberate, differing markedly from the mastication of
eating. This worker found, for example, that cows when
eating grain and silage moved their jaws at an average of
94 times per minute and when eating hay, at an averape
rate of 78 per minute. When ruminating, the average rate
of jaw movement was only 55 per minute. Ewing and Wright
(14) found from a study of six 3~-year-old Shorthorns that
over 50% of the communition takes place during mastication.
These animals were fed a ration of corn silage and cotton-
seed meal, The analysis in this study was made from
observations of organ contents after slaughter of the
animals. In the case of incomplete mastication, communi-
tion wag found to be adequately performed in the rumen and

reticulum.

The ruminated bolus when swallowed, returns to the
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rumen. It wes formally believed that it passed down the
esophageal groove to the omasum and abomasum (12). Direct
examinations have proved that no food of any consequence
passes along the groove in the ruminating animal (51).

Two factors concerning the removal of the freshly
chewed bolus from the region of the cardia, so it will not
be regurgitated a second time, were also observed by Shalk
and Amadon (51). One factor is the high specific gravity,
due to added saliva and stomach fluids, which causes the
boli to tend to move down end posteriorly. The second, as
stated previously, is the contractions of the reticulum.

Some observations of cattle sctivities. liost of the

studies concerned with the activities or behavior of cattle
deal with specific problems of dairy herd management. The
most prevalent problem studied is grazing management. Few
studies inecluded quantitative work involving activities of
cows for any substantial length of time.

Hancock (19) has offered some definitiong of obser-
vation nomenclature. Ruminating time would include the
total time spent in the cycle of rumination (both standing
and lying) including the short time interval between cycles.
Toafing time consists of time spent milling around while not
grazing or lying. Resting time comprises that portion of
lying time which ies not occupied by rumination. Lying time

would consist of resting or rumination while lying.
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The purpose of many studies of cattle habits has
been to learn more about the requirements asnd preferences
under conditions prevailing by recording the time engaged
in different activities. Cory (11) studied cattle, sheep,
and goats under range conditions in Texas during daylight
hours, He found that cattle spend 10% of the day travel=
ing (3.3 miles). Fifty six percent of the day was spent
feeding. Time spent drinking, 2.4 minutes; lying down,
102 minutes; and ruminating' 76 minutes. CGCrazing consti-
tuted 75% of the feeding time.

Atkeson, Shaw, and Cave (Z) and Hancoek {18) have
conducted similar studies concerned with the effect of
pasture quality on the activities of cattle, including
rumination. Two cows were observed for grazing time on
good, mixed (fair), and poor pastures by Atkeson and his
associates. They found that more time was spent in graz-
ing on poor pasture than on good pastures. Grazing time
on poor pasture was 47% of daylight hours; fair pasture,
56% of the total time; and poor pasture, 627 of total
time. The average daylight length during the study was
117 hours. Hancock studied the effect of pasture guality
on grhsing time and ruminating time. Good pasture was de~
scribed as having evenly low fiber content; poor pasture,
evenly high fiber content; and fair or mixed, varying fiber

content, When large quantities of forage were available,
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good quality pasture resulted in medium grazing time and
short ruminating time. Mixed quality pasture resulted in
long grazing time and long ruminating time. Poor pasture
resulted in short grazing and long ruminating time. When
low quantities of pasture were grazed, good quality pasture
resulted in long grazing time and short ruminating time.
Mixed and poor quality pasture caused long grazing time
and medium ruminating time.

Three bullocks were used in a study by Hughes and
Reid (27) in the summer of 1948, and eight bullocks were
used in the summer of 1949. The study was concerned with
time spent grazing, ruminating, and idling constantly on
pasture, Observations were made monthly for 24 hours at
S5-minute intervals., Grazing included short periods of
walking to select herbage, Idling included time spent
standing and lying down, when neither ruminating nor
grazing., The average time for each activity was found
to be:

ls Grazing =~ 7.9 hours

2 Ruminating - 7.3 hours

3. ldling = 9,3 hours
Grazing:ruminating time ratios were 2,05:1 in daylight,
0.08:1 at night and 1.12:1 for the overall Z4~hour periode.

Observations of behavior of four Shorthorn cows for

& Z4~hour period and of a herd of Shorthorns at monthly
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intervals for a period of one year were made by Castle and
Foot (8). The four cows were in & one~scre paddock. Night
viewing was facilitated by the use of & infa-red "sniper-
scope”, Average grazing time was 6.25 hours; lying down,
9.22 hours; loafing (sum of above subtracted from 24 hours)
8,263 ruminating, 5.6 hours; defsecations &nd urinations,
11,6 and 9.8 times; number of drinks, 3.8; and distance
walked, 3,060 yards. Herd observations were made at b-
minute intervals during the day and l1l5-minute intervals
during the night. Stanchioned cows were very restless
indicating that the out-of-doors was preferred.

Fuller (15) found no significant breed difference
between Ayrshires, Guernseys, Holsteins, and Jerseys, as
to standing and lying time during a Z4~-hour period. Time
gpent eating was 2.8 hours for Holsteins, 6.1 hours for
Jerseys, and 5.98 hours for Guernseys and Ayrshires,
Ruminating time for Holsteins was 8,98 hours; Jerseys, 8.8
hours; and Guernseys and Ayrshires, 8.1 hours.

Hancock (20) found in & cattle behavior study using
10 sets of identical twins, that climate was unimportant
in causing the variation in time spent on the various activ-
ities. Quality end quantity of forage (external) was found
to be very important in regulating cattle sctivities. Graz-
ing time increased with scarcity of forage while ruminating

time was increased by poor guality grass. Feed requirement
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for milk production was found to be the most important
factor (internal) determining variations in lengths of
grazing and ruminating time., A characteristic rate of
rumination and grazing was found between twins within

a set,



EXPERIMENTAL PROCEDURE

Studies designed to gain more understanding about
rumen development in young calves were conducted in the
dairy calf herd of the University of Tennessee. Procedures
that were used are explained below,

Peeding and management of calves. Calves were

aggigned to the studies as they became available from the
University dairy herd. A total of 76 calves was used in
one or more of the three phases of the study. The calves
were purebred Holstein~Friesian and Jerseys, and grade
Jerseys and Guernseys. The calves were left with their
dams for 2 days. On the second or third day the calves
were usually moved to individual pens in the calf barn.
The milk ration was fed twice daily at 5:00 to 6:00 A.M.
and P«Ms For the first 6 days colostrum and whole milk
were fed at 10% of body weight desily., Reconstituted skim
milk was mixed with whole milk on the seventh day, and on
the eighth day the milk was solely reconstituted skim milk.
The dry milk solids were fortified with 4,000
units of vitamin A, 500 units of vitamin D, and 50 mg.
of aureomycin per pound. The milk was increased daily
acgording to the expected gain of normal calves of each
breed, so that the allowance was about 10% of body weight

at all times. The Joerseys were weaned at 100 1b.,
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erossbreds at 120 1b., and Holsteins &t 150 1b. body
weight. WMixed grass and lepume hay was fed &d libitum
from the time the calves were put in 1ndifidua1 pens,
Pelleted calf starter wes fed up to & meximum of 4 1b.
daily. Water was changed daily and wa S available at all
times,

Pens were bedded with oat or wheat straw at first,
followed by applicttions of wood shavings as often as
necessary to maintain clean, dry conditions. The pens
were 4 ft. by 12 £%., in size., Calves remained in these

pens throughout the study.

Observations of daily ac{ivitles. Twenty-eight
normal calves (16 Holsteins and 12 Jerseys) were used in
this phase of the study. Observations started on October
11, 1966 and ended on Aprii 12, 1957, Hach calf was
observed from 6 to 112 days of age. The calves were
observed every 2 weeks during a Z4~hour period. The <4~
hour periods were divided into four 6-~hour shifts, whieh
actually covered parts of 3 consecutive days. Observa-
tions of each calf were made at S-minute intervals during
the Z4-hour period, and the sctivities of ruminating,
eating and drinking, standing, and lying were checked.

The following definitions &re applicable to the

observed activities:

1., Ruminating time included the complete cycle of
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rumination, including regurgitation, remasti-
cation, and swallowing, and the short intervsl
between cycles.

Ze Hating and drinking included the time spent
taking food or water into the mouth, chewing,
and swallowing.

3« Stending (self explanatory)

4, Lying (self explanatory)

The recording of date was facilitated by tally sheets,
which were divided into 72 intervals for each of the four
activities, Hvery 5 minutes the calves were observed and
the appropriate column was checked. The time required to
observe all the calves in each interval was about 2 min-
utes. One row of lights was used &t night., This provided
Just enough light for the observations, yet d4id not dis-
turb the calves.

Calf ages in days for the eight periods esch calf
was observed were; Period 1, 6 to 14; Period 2, 20 to 2£8;
Period 3, 34 to 42; Period 4, 48 to 56; Periocd 5, 62 to
70; Period 6, 76 to 84; Period 7, 90 to 98; and Period 8,
104 to 112.

Blood glucose determinations. Blood from 16 Jersey
and 16 Holstein calves was analygzed for glucose. Some of
these calves were not used in the 24~hour observation

studies, A total of 194 determinstions was muade., The
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blood was analyzed once a week, starting with calves 1
week of age and younger for Period 1 and continuing through
roalves 15 to 16 weeks of age (Period 16). No attempt was
m&éde to compare sessonal differences, However, it should
be noted that the determinastions were mude in late winter
and early spring.

About 10 ml. of blood were collected from the jugu-
lar vein of the calves into & test tube containing 0.05 cc.
of heparin solution, which was used as the anticoagulant.
The blood was collected at noon, sbout 6 hours after the
morning feeding. Analysis was made the same day as col=-
lection to minimize the effect of bacterial action.

The method of &nalysis used in the study was first
developed by Somogyi (53) in 1945 This method was sltered
by using the new Somogyi (54) copper resgent and the
arsenomolybdate color reagent developed by Nelson (44) for
use with the Somogyi method. The samples were read in an
Evelyn colorimeter using & 515 mu filter rather than the
620 mu filter suggested by Somogyi (53). The density of
each transmission value was read from the colorimeter
chart., A stendard glucose solution containing 40 mg. %
was analyzed with éach group of blood samples. Blood

glucose was calculated by using the following formulsa:

Blood Glucose. 1 44
(uge ) =~ * X 55Tty of Standard © oneity of Sample
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Collection of post-mortem specimens. Seventeen

grade Jersey calves were sacrificed for observations of
the digestive tract at about 2 weeks of age. These calves
were fed milk or reconstituted skim milk for at least 3
days before sacrificing. On the day of sacrifieing, the
calves were fed 2.0 kgs 0f the usual experimental milk by
nipple pail at the normel feeding time and were killad 2
hours later. In order to prevent regurgitation or mixing
of the contents of separate organs, the calves were elec~-
trocuteds This was accomplished by attaching one electrode
to the anus and another to the lip, and using a 110 volt
currents

An incigion was made posterior to the ribs, and the
ribs were sawed off to expose the sfomachss Ties were
made at the esophagus (cardia), at the omasal-sbomasal
Junction, at the abomasal-duodenal junction, and at the
separation of the ileum and jejunum. The digestive tract
was then removed to the laboratory. Becsuse of the diffi-
culty of accurately separating their contents, the rumen,
reticulum, and omasum were handled as one section. Nearly
all the contents of this section were in the rumen-
reticulum,

Age, weipght, ration, and health notes were recorded
for each calfs The rumen-reticulum-omasum and abomasum

sections were weighed full and empty in order to get a
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content weight and tissue weight. The pH of contents of
these two sections and of the duodenum, jejunum, and ileum
was determined by a Beckman Model G pH meter. A deserip~
tion of the digestive truct and its contents was &lso
recorded.

Three of these calves were observed for the four
sctivities in the manner explained previously for one 24~

hour period before sscrificing.




RESULTS

Averages of observed activities., PFourteen Holstein
calves in Periods 1 through 4 (6~14 days old through 48-56
days 0ld) and 16 Holstein calves in Periods 5 through 8
(62-70 déys 0ld through 104-11% days old) were used in
obtaining activity observations at S-minute intervals for
24 hours every 2 weeks. Hleven Jersey calves in Periods 1
through 3 (6~14 days old through 34-42 days old) and 12
Jersey calves in Periods 4 through 8 (48-56 days old
through 104~112 days 0l1ld) were also used for these obser-
vations.

The average percentages of Holstein calves engaged
in the observed activities (ruminating, esting and drink-
ing, standing, and lying) for each period during the day
and night hours are shown in Table II. The average per-
centage of calves ruminating was highest during the day
hours through Period 2 (20-28 days 0ld), but was an average
of 3.2% higher during the night hours than the day hours
from Period 3 (34-42 days old) through Period 8 (104~112
days old). The average percentage of calves eating and
drinking was 3.6% higher during the day hours than during
the night hours throughout the ll2~day study. This situa-
tion was found in the average percentages of calves

standing. An average of 7.8% more calves was standing
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during the day hours than in the night hours. As shown in
Table II, standing and lying percentages are exactly oppo~
gsite.

The average percentage of Holstein calves rumina-
ting during the day and night hours inereased each period
throughout the entire study., The average percentage of
calves eating and drinking increased through Period 6
(76~84 days o0ld), but decreased slightly in Period 7 (90~
98 days 01d) and in Period 8 (104~112 days old). The
average percentage of calves standing increased each
period up to Period 7 (90-98 days old) and decreased in
Period 8 (104~112 days old).

The averages of the observed activities for 14
Holstein calves in Periods 1 through 4 are shown in Fig-
ures 1 through 4. Little rumination was observed at
feeding time, otherwise periods of rumination were uniform
throughout the day. The percentage of calves standing was
highest at feeding time. The minimum percentage of stand~-
ing calves was noted at 11 to 12 o'elock both day and
night. The percentage of calves eating and.drinking wag
highest at feeding time in Periods 1 through 4.

The percentages of 16 Holstein calves that were
raminating &t various times in Periods 5 through 8 were
very similar as illustrated in Figures 5 through 8. The
highest peaks came in the early morning before feeding.
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During the remainder of the day generally uniform percent-
ages of calves were ruminating except at feeding time when
& drop occurred. It was also noted that a lower percentage
was eating and drinking at mealtime than in the first four
periods. This wag probably due to the cessation of milk
feedings As in the first four periods, the percentage of
calves standing wae highest at feeding time and lowest at
11 to 12 o'clock both day and night. The percentage of
calves standing varied less during the day in Periods 5
through 8 than in the first four periods, however.

The average percentages of Jersey calves ruminating,
eating and drinking, standing, and lying for each period
during the day and night hours are shown in Table IIl. The
percentage of calves ruminating was highest during the day-
light hours in Periods 1 {6~14 days old) and 3 (34~42 days
0ld), and highest by an average of 3.5% during the night
hours in Periods 2 (20~28 days old) and 4 through 8 (48-56
days old through 104-112 days old)« There was an average
of 5.4% more calves eating &nd drinking during the day
than at night, and calves standing averaged 11.6% higher
during the day than at night. The average percentage of
Jersey calves ruminating increased from 2.5% in Period 1 to
20.7% in Period 4. A decrease in percentage to 17.9 was
noted in Period 5. The percentage began fto increase again

in Period 6 to 24,2 in Period 8.
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The average percentage of Jersey calves eating and
drinking at one time increased from 7.1 in Period 1 to
15.9 in Period 6. From this point the percentage decressed
to 13.8 in Period 8. The percentage of calves standing
increased steadily from Periods 1 through 7, and decreased
elightly in Perdo% 8.

As in the case of the Holsteins, the Jersey calves
ruminated less at feeding time than the remainder of the
day. The percentage of calves ruminating was fairly uni-
form throughout the day except at feeding time in Periods
1 through 8 (Pigures 9 through 16).

The percentage of Jersey calves eating and drinking
and standing tended to parallel each other in all periods
with highest pesks being recorded during feeding time.
These activities followed a pattern similar to that of the
older Holstein calves in that more eating and drinking
were being done throughout the day than in the younger age
groups.

Development of rumination. The numbers and per-

centages of Holstein and Jersey calves that had started to
ruminate in Periods 1, 2, and 3 are shown in Table IV,
These periods cover calf ages of 6 to 42 days. All of the
Holstein calves had started to ruminate by Period 2 (20-28
days old), and all Jerseys had started to ruminate by
Period 3 (34-42 dsys old).
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The youngest Jersey observed ruminating was 10 days

0ld, and this calf ruminated for 45 minutes of the x4-hour

period., The latest Jersey to start ruminating was observed
in Period 3 (42 dayes 0ld). This calf ruminated for 235
minutes in the 24~hour period, so apparently it had devel~-
oped well in the 2 weeks since its last observation.
Rumination was observed in the youngest Holstein at 7 days
of age, and this calf ruminated for only 15 minutes in the
Z24~hour periods The latest Holstein to start ruminating
wég observed in Period 2. The age of this calf was 23 days,
and i1t ruminated 310 minutes in the 24~hour period. It had
apparently developed nearly normel rumination in the time
between observations at 9 and 23 days of ape.

The average time spent ruminating, eating and drink-
ing, standing, end lying by Holstein and Jersey calves for
24 hours during each observation period is shown in Table
Ve The time ruminating by Holstein calves increased dur=
ing each period from 63.6 minutes per 24 hours in Period 1
(6-14 days days old) to 376.4 minutes per 24 hours in
Period 8 (104~112 daye 0ld). A slower rate of inerease
of time ruminating was noted after Period 4 (48-56 days
01d) than in the first three periods. The average rate of

ineresse during the Z-week intervals between periods

through Period 3 (34-42 days old) was 91.9 minutes per 24~

hours per interval. This increase from Period 4 (48-56
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days old) through Period 8 (104~112 days o0ld) was 20.5
minutes per 24 hours per interval,

The time eating and drinking by Holsteins increased
from 94.3 minutes in 24 hours in Period 1 (6-14 days old)
to 265.3 minutes per 24 hours in Period 6 (76~84 days old),
then decreased to 236+.8 minutes per 24 hours in Period 8
(104-112 days old). The time standing paralleled this
pattern rather closely, but was more than twice the time
actually observed eating and drinking.

The time ruminating by Jersey calves increased from
32.3 minutes per 24 hours in Period 1 (6~14 days old) to
300.,0 minutes per 24 hours in Period 3 (34-42 days old).
The time ruminating observed during the next two periods
decreased to 261.6 minutes per 24 hours in Period 5 (62-70
days old), then increased to 374.6 minutes per 24 hours in
Period 8 {104~112 days old).

4 slower rate of increase in time ruminating for
Jerseys was noted after Period 4 (48~56 days old) than in
the first three periods. The avarﬁge rate of increase dur-
ing the Z-week intervals between periods for the first three
periods wag 100 minutes per 24 hours per interval. The in-
crease from Period 4 (48-56 days old) through Period 8 (104~
112 days o0ld) was 14,9 minutes per 24 hours per interval,

The time spent by the Jersey calves in eating and

drinking and standing increased in parallel except for the
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414.5 minutes standing per 24 hours in Period 1 (6~14 days

0ld) which seemed abnormally high.

The time lying is exactly opposite to the time
standing for both breeds.

The average number and length of times ruminating
per 24 hours by Holstein and Jersey calves for each period
are shown in Table VI. The average length of each rumina-
ting time for Jerseys and Holsteins is very similar for
all ages. There was & rather rapid increase from 13.3
minutes each time rumineting in Period 1 (6~14 days old)
to 23.4 minutes in Period 3 (34~4Z days old) for the
Holsteins, Jersey calves averaped 12.9 minutes ruminating
each time in Period 1 and 23.0 minutes in Period 3. The
average length of the rumination times was relatively con-
stant for the remainder of the observation periods.

The number of times per day ruminating was about
the sane'for Holsteins and Jergeys throughout the experi~
ment, except in Period 1, when the Holstein cslves ruminated
an average of 4.8 times per day, and Jerseys ruminated an
average of 2.5 times per day. There was a gradual increase
in number of times observed ruminating from 9 to 10 in
Period 2 to 14 to 15 in Period 8+ The increase in total
rumination time, which occurred with age, was due more to
an increased number of rumination periods than to longer

periods.
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Blood glucose determinations. The average amount

of blood glucose for Holstein and Jersey calves at weekly

intervals is shown in Table VII. By the sixth week of age
both Holstein and Jersey calves showed & leveling off of
the decreasing trend of blood glucose leveis. After this
age, values of about 60 mgs % were maintained throughout
the remainder of the study with the weekly averages rang=-
ing from 55.6 t0 67.4 mg. % The range for individual
Holstein calves was 117.0 mg. % for one l-week-old calf

to 35.0 mge % for ome l6-week-0ld calf. There was a range
from 115.,0 mge % 2t 1 week of age to 4640 mg. % at 16
weeks of age for individual Jersey calves.

The effect of weaning on glucose level in the blood
is shown in Table VIII. In constructing this table, the
data were arranged sccording to time before and after
weaning, The weekly average blood glucose for Holsteins
before weaning ranged from 117.0 mgs % (one calf) to 75
mge %, and after weaning 56.5 to 64.5 mg. %. Weekly aver-
age blood glucose values for Jerseys ranged from 71.2 to
88.3 mg. ¥ before weaning and 49.8 to 66.1 mg. % after
weaning., In both breeds there was a progressive decline
in blood sugar until the calves weaned, at which time it
dropped abruptly by 18.5 mg. % for Holsteins and 10 mg. %
for Jerseys. After weaning, the blood sugar remsined uni-

form, averaging 6l. mg. % (Holstein) and 59.56 mg. % (Jerseys).




AVERAGE WEEXLY BLOOD GLUCOSE FOR
JERSEY AND HOLSTEIN CALVES

TABLE VII

78

Holsteins Jerseys
Period Age gg zﬁﬁo ns gg:; gg;::zons g%:;
{ Days) (Ho.) (Mge #) (Nos) (Mge %)
1 3~ 3 97.0 4 89.6
2 10~14 3 92.0 6 9040
3 17-21 3 9240 7 71e3
4 24-28 5 81.0 Y 7440
5 31-36 4 9047 5 67.0
6 38=-42 e 70.7 6 60.0
7 45-49 4 61.5 b 63.8
8 52-56 4 63.0 6 576
9 59-63 e 5945 6 6247
10 66=70 5 5840 7 5649
11 73-77 5 6346 8 58,1
12 80~-84 b 67«4 8 576
13 87-91 8 61l.6 9 60,3
14 94-98 9 61,0 7 5546
15 101~1056 10 61,1 9 63.0
16 108~112 9 5647 9 59.0




TABLE VIII

73

EFFECT OF EXCLUDING MILK FROM THE DIET OF HOLSTEIN

AID JERSEY CALVES ON BLOOD GLUCOSE LEVELS

Holsteins Jerseys
Time Before Determi~- Blood Determi-  Blood
Weaning nations Glucose nations Glucose
(Wks.) (Nos) (Mg. %) (No.) (g. %)
6 1 117.0 1 74.0
5 2 9640 3 8843
4 2 90.5 4 79.7
3 3 8043 4 1.2
2 3 81,0 5 6846
1 3 7640 5 68.0
Time After
Weaning
(¥ks.)
1 4 5645 6 5840
2 4 65.0 6 6641
3 4 56.8 6 5946
4 4 59.8 6 53.8
5 2 64.5 5 49.8
6 3 6246 4 637
7 3 61.3 3 61.0
8 1 62.0 3 64.0
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Time ruminating compared with blood glucose. The

decrease of blood glucose found with the advancing age of
the calf was accompsnied by an inerease in ruminating time,
This relationship is shown graphicslly in Figure 17. The
blood glucose and ruminating time curves easch tended to
level off at 5 to 6 weeks of age.

The regression of blood glucose on ruminating time
was determined as shown in Figure 18. This indicates that
in a nonruminating ealf the blood glucose level would be
above 90 mge. #. As rumination inereases, blood sugar de-
elines. The coefficient of correlation (r) between blood
glucose &nd ruminating time was -0.803 which was signifi-
cant at the 0,01 level of probability.

Digestive tract observations. Seventeen calves

were sacrificed for digestive tract observations. Whether
or not the calves were ruminating was determined by the
appearance of the rumen contents for 13 calves and by
activity observations made of 4 calves. A description of
the stomach &and its contents was recorded according to

the different types of milk used in the ration as shown

in Table IX. The calves that were fed reconstituted skim
milk or & mixture of reconstituted whey and skim milk had
rumens that were more nearly like mature rumens than did
the calves that were fed the other types of milke The

contents of the abomasums from these calves contained large
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7
pieces of curd and had an acid~whey odor. All other calves
had poorer curd development and an abnormal odor in their
abomasums,

Weights of the empty organs and of the contents of
the stomachs of the calves, and the pH of the stomach and
emall intestine contents were determined. These data are
presented in Table X according to the development of rumi-~
nation. The abomasum was more acid than the rumen-
re ticulum-omasum for ruminating and nonruminating calves.
The closer the contents of the small intestine were to the
large intestine, the less acid they were. The contents of
the digestive tract of the nonruminating calves were
8lightly more acid than were the digestive tract contents
of the ruminating calves.

The empty weights and content weights of the rumen=-
re ticulum~omasum were grester for ruminating calves than
for nonruminating calves. The empty and content weights
of the abomasum were greater for the nonruminating calves.
The empty abomasums &nd the contents of the abomssums of
nonruminating calves were heavier than were the rumen-
reticulum-omasums. The contents and empty rumen weighed
more than the abomasum in ruminating calves.

Calves 474, B-787, and B-792 were observed for 24
hours before sacrificing, The time spent ruminating, eat~

ing and drinking, standing, and lying were recorded. These
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activities are shown in Figures 19, 20, and 21. The time
of day thet each calf was engaged in the activities, and
the total time for each activity are shown graphically.

Most of the time spent eating was seen at feeding
time with other short periods scattered throughout the day.
No rumination was observed at feeding time, but the calves
ruminated at random during the remainder of the day. The
average length of the periods of rumination during the day
was 17.7 minutes for calf 474 (22 days old) as shown in
Figure 19, The average length of periods of rumination
for calf B-787 (14 days old) was 12.5 minutes (Figure 20).
The average length of periods of rumination for ealf B-792
(18 days 01d) was 8.2 minutes (Figure 21).

Another calf which was sick was observed for 24 hours
at b~minute intervals before a post-mortem examination was
made. A%t no time was this celf observed ruminating. The
contents of the rumen and abomasum of this calf were very
gimilar 1o the other nonruminating calves that were sacri-
ficeds It had liquid rumen contents with large, poorly
chewed pieces of hay and bedding. The abomasum was devoid
of any large pieces of curd and had a very foul odor like

rancid fat.
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DISCUSSION

These studies have shown that the rumen in healthy
calves begins to develop at #n early age and approaches
mature funetion .rapidly. No other studies have been found
that reported the progression of rumination as & result of
direct observations.

The average percentage of calves observed rumina-
ting was higher for Holsteins than for Jerseys in all 24~
hour periods. The percentage was highest for Jerseys
during the night hours of Period 3 and 4 (34-42 aﬁd 48-56
days 0ld). There was also a higher percentage of Holstein
calves eating and drinking than were Jersey calves, except
in Period 1 (6~14 days old), when little difference was
found. This was probably because the Holsteins were larger
calves with more stomach capacity than the Jerseys.

The highest percentage of calves eating and drink-
ing was observed between 5:00 o'clock and 7:00 o'clock
both morning and night. Feeding was done during this
period. Very little rumination was done while standing by
either Holsteins or Jerseys. The highest percentages of
calves ruminating were recorded at the times when a high
percentage of calves were lying.

The age at which Jersey and Holstein calves started

to ruminate was shown previously in Table IV. Over half
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of the calves in both breeds started to ruminate before
or during Period 1 (6~14 days old)e The remainder of
the Holsteins and all but one of the Jerseys started to
ruminate after Period 1, and before or during Period 2
(20~28 days old)s Thus the onset of rumination for near-
ly all the calves in both breeds had ocecurred by 4 weeks
of age.

The time spent ruminating and the age of the young-
es% and oldest calves to start ruminating were stated
previously. When the calves started to ruminate at about
1 to 2 weeks of age, the time spent ruminating advanced
slowly with age. When the calves started to ruminate as
late as 3 to 4 weeks of age, the time spent ruminating
progressed rapidly. In eifhor case, mature type rumina-
tion (as meagsured by time observations) was reached at
about the same age.

Time spent ruminating by Holstein calves inereased
during the intervals between Periods 1 through 3 (6~14
through 34-42 days old) nearly five times faster than in
the remainder of the study (up to 112 days of age). The
inecrease during the intervals between Periods 1 through 3
for Jersey calves was over gix timee greater than the in-
crease during the remainder of the study. It appears then,
that rather mature rumination had developed by 6 to 8 weeks

of age.
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Castle, Foot, and Halley (8) observed four Shorthorm
cows that ruminated an average of 336 minutes per 24 hours
in a pasture management study. Similar results have been
reported by others (15, 20, 27). The rapid rate of in-
ereagse Of ruminating time for Jersey and Holstein calves
started to level off during Period 3 (B34-42 dayes o0ld). At
this age the average ruminating time was close to the time
found in the studies mentioned above. The graduasl increase
in rumination time after this age could be due to increased
rumen capacity and consumption of larger proportions of
hay.

The number of times per day that the calves ruminated
and the average length of each time increased as the
Holstein and Jersey calves aged up to 34 to 42 days of age.
Apparently, the maximum length of times ruminating was
reached at about the same age as the mature level of total
time ruminating was reached.

Several investigators (25, 29, 32, 38, 39, 58) have
suggested that the amount of glucose in the blood of rumi-
nants ie an indication of rumen development. McCarthy and
Kesler (38) found the blood glucose level for calves under
7 days of age to be 113.4 mg. %« The glucose decreased to
43,9 mge ¥ at 42 days of age, and & range of 40 to 60 mg.
% was maintained throughout the remainder of the 112 day

study. The other investipators mentioned above have
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reported similar trends. The amount of blood glucose found
in the calves in this study, as well as the docline of
glucose as the calves aged, is in agreement with these
previous studies.

A marked drop in blood glucose was found after the
removal of milk from the diet of Jersey and Holstein
calvess This was shown previously in Table VIII. Appar~
ently, the amount of blood sugar is partly related to the
sugar in the diet as is suggested by Hodgson (25)s. This
is not the complete reason for the blood glucose change,
because it begins to decrease well before weaning, and
this decrease is accompanied by an increase in amount of
milk fed.

As rumination time inereased, the blood glucose de~
ereased for Holstein and Jersey calves. The blood glucose
curve leveled off at about 6 weeks of age as did the rumi-
nation time curve, whiech indicates that rumen development
is well advanced by this age.

According to the deseriptions of the digestive trsects,
the calves fed reconstituted dry skim milk or dry skim milk
and dried whey had rumens that were developed more than
calves fed the other milk rations. The dry skim or dry
skim and dry whey may not have satisfied the calves' appe~
tite as much as did the other milk rations. This unsatisfied

appetite would have encouraged more roughage consumptione.
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The weights of the empty organs and organ contents
of the slaughtered calves were shown previously in Table
X, The rumens of the nonruminating calves weighed less,
and the abomasum weighed more empty end full than these
organs in the ruminating calves. This helps to confirm
the belief that the rumen is less important in the diges-
tion in the young nonruminating calf than is the abomasum.
As the rumen and rumination develop, the abomasum becomes
less and less importent in digestion,

Whether or not the slaughtered calves were rumina-
ting was determined by the appearesnce of the contents of
the rumen. Finely chewed, well mixed food materiel, and
absence of free liquid indicated that rumination hed begun.
Unchewed food, large pieces of hay and bedding, and excess
liquid were considered to indicate the absence of rumina-
tion. One calf was observed at S5-minute intervals for 24
hours before the post-mortem examination, and no rumine-
tion was recorded. This calf's stomach contents were like
the stomach contents of the previously killed nonraminating
calves, Three other calves were observed before slaugh-
tering, and were found to be ruminating. Their stomach
contents were like the previously observed econtents from
the stomachs of the ruminating calves. This suggests that
eriteria used for the determination of development of

rumination were correct.




SUMMARY

A total of 76 Holstein-Priesian, Jersey, and grade
calves were used in this study. These calves were fed a
normal hay and grain ration and reconstituted skim milk
(fortified with sureomyein and vitamin A and D) at 10%
body weight. They were kept in individual pens with
801id sidess

Observations of daily sctivities of Holstein and
Jersey calves were made at S5-minute intervals every 2
weeks up to 112 days of ages Activities that were ob~
served included rumination, eating and drinking, standing,
and lying. The percentage of Holstein calves ruminating
was greater than Jerseys in each of the 8 observation
periods. In nearly all the periods, & higher percentage
of calves in both breeds ruminated at night than during
the day. The percentage of Holstein calves eating and
drinking wes 3.6% higher during the day than during the
night, and it was 5.4% higher during the day for Jersey
calves. There was & higher percentage of Holstein and
Jersey calves standing during the daylight hours through-
out the study.

Percentapes of Holstein and Jersey calves engaged
in all sectivities have been shown graphically. Rumination
time was lowest for both breeds at feeding time in all
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pericds and was fairly uniform during the remainder of each
period. All Holstein calves had started to ruminate by
Period 2 (20-28 days old), and all Jerseys had started by
Period 3 (20-28 days old).

By Period 3 (34~42 days 0ld), both Holstein and
Jersey calves spent an amount of time ruminsting that com-
pared favorably to time spent ruminating by mature cows.
At this point Holsteins ruminated an average of 273.9 min~
utes per 24 hours, and Jerseys ruminated an average of
300.0 minutes per 24 hours., At this same time the increase
in length of times ruminating ceased and remained constant
during the remainder of the study.

Blood glucose determinations were made for Holstein
and Jersey calves, and these d=ta were used as an indica~
tion of rumen aeveiopment. Blood glucose decreased as the
calves aged up to 5 to 6 weeks. Both rumination time and
blood glucose leveled off at this point and both were at
mature levels.

Post-mortem examinations were made of the digestive
tracts of 11 ruminating and 5 nonruminating grade calves.
These calves were assigned at random to 6 groups, differing
only in type of milk in the ration. Ruminating calves fed
dry skim milk or dry skim milk and dried whey had rumens
that were more developed than did calves fed the other

types of milks, These same types of milk produoed larger
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curd formations and a more "whey"-like odor in ruminating
and nonruminating calves than did the other types of milk.

Phree calves were observed before slaughtering, and
their activities are shown graphically for 24 hours at 5-
minute intervals. These calves, as wali as the other
gslaughtered ruminatiné'calvea. had mature types rumens as
Judged by appearance of organs and contents. One calf
observed in this same manner had ﬁot ruminated. The stom=-
ach contents of this calf showed the same definite signs
of undevelopment that were observed in the other slaugh-

tered nonruminating calves.
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