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IKTHODUGTIOH 

The rumen plays an important part in the digestive 

process of the bovine species# Here the feed after being 

Bwallowed is stored, mixed, and softened with water and 

saliva, as well as subjected to baoterial action which 

aids in digestion. Because of the very important role of 

the rumen in bovine nutrition, it becomes increasingly 

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 he induced to efficiently utilize roughage the more 

economical a calf feoding program will be. ificonomy and 

efficiency in feeding the rumineuit are based fundamen 

tally on taking full advantage of rumen function with 

particular emphasis on the ,d0VQlopmeut which results in 

better digestion of roughages and the synthesis of high 

quality proteins and vitamins. 

Although there has been extensive research on rumi 

nants of various ages there is only a limited amount of 

oritioal 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 special emphasis 

upon znzmination* 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 oalves was determined and these 

data also were used as an indloetion of rumen development* 
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RBVIISW OF LIIKSATURB 

Early work# Th« ma^or investigations of calf nutri 

tion up to 1940 have been reviewed by Savage (50). In this 

review it was stated that Spallanzani made some studies con 

cerning chewed and non-chewed food in oxen as early as 

1800. Ho found that chewed foods were easily digested in 

the rumen; whereas* unohewed foods were slowly digested. 

It was also stated that Tiedmann and associates in 18;i6 

found that milk fed to calves passed directly into the 

fourth stomach. These investigators also found that cer 

tain gases and acids were produced in the rumen after the 

feeding of hay. Early work in England concerned 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. Workers as early as 19iiii con 

cluded 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 

mother to raise young (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 stomaoh* They 

found that up to 69 days after conception, the reticulum 

was not sufficiently differentiated for a satisfactory 

gross separation 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 stomach# At full term, the abomasum 

was found to weigh nearly as much as the other compart 

ments oombined* 

Paring early fetal life the omasum ranked second 

to the rumen in weight, but generally was heavier than the 

abomasum 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 etom-

aob oompartments at different fetal ages (4)# 

Postnatal development of the ruminant stomaoh# The 

fact that the abomasum in the newborn calf is considerably 

larger in weight and capacity than the rumen has been re 

ported by several workers fl7, 31, 35, 51, 52), 

SisBon and Grossman (52) reported that the reticulo-

rumen constitutes about one third of the total stomaoh 

oapaoity at birth and that it inoreases to about 65^ at 



  

TABLiS I 

SlfPTY WEIGETS OF PETAL STOMACH C0J^AHTI>IEHTS 
AT LIPPSaSST AGES » 

. 

to 
Days GO 

after 
Hainan Retlculum Oaasam ALomasoffl Totalconeop" 

tion 

fg*) fg.) fg*) fg.) fg.) 

72 0,19 0.09 0.16 0.09 0.53 

81 0»67 0.15 0.44 0.39 1.56 

93 1.69 0.40 0.99 0.72 3.80 

100 2.73 0.62 1.95 0.83 6.13 

109 0.65 2.78 1.45 9.16 

118 4.16 0.64 2.82 1.38 9.00 

127 4.12 1.64 4.12 3.47 16.35 

138 11.51 2.37 8.07 6.40 28.35 

148 12.62 3.86 8.80 8.34 33.62 

151 13.52 2.93 7.8512.07 36.37 

177 27,46 5.32 16.09 25.67 74.54 

186 31.68 8.38 26.82 37.03 104,00 

204 43.13 12.03 33.70 46.77 135.63 

228 73.56 16.69 34.10 87.33 211*68 

236 70.75 20.19 40.20 85.23 216.37 

250 68.00 14.50 19.00 66.00 167.50 

® Prom Backer, H. B., si• J. Dairy Soi., 34: 329. 

1951* 
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maturity. According to arossman (17) the first three stom 

ach compartments have about half the capacity of the 

aboraasum at birth. 

Mofieill and associates (40) have observed that ru 

men fluid of the newborn calf is a mixture of bacteria, 

protozoa, plant fragments, soil, and many ohemical com 

pounds, 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. 

fhe following criteria indicative of rumen develop 

ment have been suggested by Lengemeui and Allen (34); 

1. Some measure of the ability to digest cellulose 

£. A description of the more characteristic types 

of bacteria 

3. A measure of some of the rumen acids 

4. An estimate of the total bacterial population 

5* Ifumbers 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 2 years old. A stomach 

tube was used in obtaining samples 6 hours after feeding* 

The samples were squeezed to about 24^^ dry matter. The 

liquid portion was used for protozoa counts, cellulose 
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digestion, and rumen acid determinations. *0x6 dry portion 

was used for identification and determination of total 

numbers of different types of bacteria. Ho great differ 

ences were found among animals over 6 months old according 

to these oriteria. 

The method of feeding liquids to oalves appears to 

be important as related to postnatal development of the 

rumen. It has been shown that liquids go to the rumen in 

abnormal amounts when the calf is fad from open pails. 

The esophageal groove is known to control to a certain ex 

tent the coarse of liquids. In describing the esophageal 

groove Buke flE) stated. 

The esophageal groove (retioular) functions as a 
conduit closure for milk or water on the way to the 
reticulo-omasal orifioe. The reflex by which the 
groove is closed has been thought to diminish in 
sharpness as the animal 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 appearance commonly ob 

served in young dairy oalves in modern dairy herds has been 

partially attributed to deviation from "nature's way" of 

feeding by Wise and Anderson (69). These workers used 

seven oalves in each of two groups to study the effect of 

different milk feeding methods on the course of liquids to 

and through the stomaoh. One group was fed from an open 

pail and the other through a nipple bucket with a valve* 

In only of the oases did milk flow into the rumen 
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when taken from the nipple pails* Up to 50^ of the milk 

oonaumed from an open pail eeoaped into the ramen* Similar 

results were obtained from the drinking of water* 

Dietary factors affecting rumen development* The 

diet is an important factor causing structural changes in 

the ruminant fore-stomaoh after birth* Calves subsisting 

on liquid diets have been shown to have undeveloped rumens 

(6, 3S, 56)* Blaxter et gd* (6) reported that oalves given 

roughage in addition to milk, developed larger rumens than 

milk*"f0d calves grov/ing at the same rate* He also stated 

that roughage^fed animals have no significant increase in 

rumen tissue weight over the milk*^fed animals* The in 

crease in size was attributed to the stretching of tissues 

by the bulk of hay* Warner (57) supported this with some 

experimental evidence* At 3 days of age, 24 calves were 

taken from their dams and allotted to Groups 1, II, and 

III* Two calves from each group were slaughtered at 4, 7, 

10, and 13 weeks of age for stomach observations. 

The following rations were fedt 

Group I Mineralized milk 

Group II * Milk and dry calf starter 

Group III * Milk plus hay 

Retioulo-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, 
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II - 5.8, 12.5; III - 4#4, 31«4} respectively. These data 

suggest that hay stretches these organs. Papillary devel 

opment In the rumen walls was advanced equally well in 

Groups II and III, bat 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. 

MoCandlish (37) compared a milk diet with other 

diets as they affected rumen development. Six calves were 

used. The study was started at birth of the calves and 

they were fed experimentally to an age of 120 days. Three 

foed lota wore set up. 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 oil meal by weight. Lot III had all of the 

above, plus free access to good quality alfalfa hay. 

There was a significant difference among the three lots in 

growth. It was concluded that milk alone was not suitable 

for growth, but milk and grain gava even poorer results. 

The lot receiving alfalfa hay in addition to milk and grain 

gave superior rates of growth. The additional nutrients 

supplied by alfalfa hay was not the main reason for the 

■v"- , 

i, ... '■ ^ ^ ^ 5. 
4 i ■ / . T ^ 
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good results, fhe advantage was attributed to bulk which 

encouraged rumen synthesis of vitamins and other nutrients 

from the ration. Pounden and Hibba (45) agreed with this 

conclusion. a?hey found that rumen bacteria are poorly 

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

In another study Hlbbs ejt ea. (22) raised a group 

of Holstein calves to 6 months of age on a high roughage 

system in which the ratio of hay to grain was 3:2. Growth, 

as indicated by weight and height at withers, was slightly 

less than the Hagsdale (yo.) standards, lo 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 

supplemented. Isfo significant benefit was produced by 

either of these in a 3:2 hay to grain mixture as measured 

by growth, feed consumption, or efficiency of feed utili 

zation. 

Eight female and four male grade calves were used 

in a study by Wise, Peterson, and Gulllckson (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, hsmoglobin, 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 magnesiom in 

plasma were found* These were all indioatiTe of undevel 

oped rumens* 

In a similar experiment Mead and Began (41) 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 alfalfa 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 adtniniatering of cod liver oil up 

to 19 months of age* There was also a marked caloium de 

ficiency as weak bones persisted* 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 ood liver oil* 

It has been demonstrated that vitamin B complex can 

be synthesized in the functional rumen of adult cattle 

9)* Conrad (9) concluded as a result of sampling stomach 

materials from young calves by use of a stomach tube, that 

rumen synthesis occurred at a relatively high rate by the 

time the calves on a roughage feed system were eating 0*2 

lb* of dry feed or by the time the calves were 3 weeks of 

age* Also it was concluded that the calves wore synthe 

sizing thiamine and riboflavin in adequate quantities by 7 

weeks of age* 
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'iwenty oalves were fed normally on milk, grain, and 

hay by Kesler, Honning, and Knodt (31) and slaughtered at 

intervals for rumen observations* There was a progressive 

increase in rumen contents and size from 1 to 4.5 weeks of 

age with no change in the abomaeum. The pH was 5.5 to 5.6 

for rumen contents and 3.4 to 4.0 for abomEisal contents. 

Also in this study, E4 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 

oalves 6 weeks and older had normal adult-type rumen con 

tents as shown by consistency, odor, and the sisall amount 

of free liquid present. Calves less than 6 weeks old had 

variable rumen contents. The greatest change in properties 

of the contents of the digestive tract occurred at 32 to 42 

days of age. Fifteen calves that were fed only milk and 

milk replaoement 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, oalves bom in the Ohio State 

University dairy herd were assigned by Hibbs and Pounden 

(84) to one of six feed groups as follows; 

1, Alfalfa and cud inoculations 

2. Alfalfa hay alone 

3. Alfalfa, grain, and rumen inooulations 

4, Alfalfa and grain 
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5* Alfalfa and oalf starter 

6» Whole milk only 

Blood samples were taken weekly to 4S days of age and were 

analyzed for oarotenolds and Tltamin A. Bamen inooula-

tions had no marked effect on blood oarotenoid 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* Weither inooulatlons nor the type 

of ration fed markedly influenoed the plasma vitamin A 

levels* These results tend to indicate that palatable, 

high quality roughage stimulates the early development of 

rumen fhnotion 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) 

used balance trials in comparing the digestion of rumen 

inoculated and uninoculated 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, and HI days 

of age* Alfalfa hay was fed libitum to each group 

along with a normal grain ration* It was found that inocu 

lation encouraged hay consumption at an earlier age than in 



14 

the unl&ocalated group« Group 11 digested a higher per-

oentage of oellulose acd other dry matter than did Group 

1, while there was no signifioant difference in protein 

digestion between Group 1 and !!• The results of this 

study showed that rumen inoculations increased digestion 

of roughage at an early age# 

Hibhs and associates (iil) made studies of a low 

cost, high roughage system of raising calves based on early 

development of mature type rumen function* fo one group 

of calves a i^:l hay to grain ration was fed, and to a 

second group a 4:1 ratio was used. The hay was high qual 

ity grass-legume and the grain was a simple 14*5^ protein 

ffiiacturo* To faoilitate early rumination, rumen microorgan 

isms were supplied through rumen inoculations. This was 

done by using fresh, warm cud material from healthy, ma 

ture cattle. 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 £:1 groups was small. The 2:1 hay to grain 

ratio showed more favorable gains. 

The benefits of adding antibiotics to poultry eaid 

swine rations have been well established. Antibiotlo feed 

ing for ruminants is still of considerable interest to rumen 

nutritionists, physiologists, and bacteriologists (33). 
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Id a recent study "by Hibbs e_t (23), 154 Jersey 

calTes (lli male and lli female) were used to determine the 

effeots of feeding aureomyoin to oalves raised on the high 

roughage system using three ratios of hay to grain* The 

ratios were 4:1, 3:<d, and *5:3; each used in a separate 

group. There was also a control group* "Aurofao aA" was 

fed at the rate of 15 mg* per day for the first 7 weeks 

and at 20 mg* per day per lb. of dry feed ingested for the 

remainder of the study* 

Aureomyoin increased growth and feed intake in all 

groups* However, the percentage of dry matter, cellulose, 

end protein digested was not influenced. Riboflavin 

content appeared higher in rumen juice and urine when 

aureomyoin was fed, but the thiamine content was not af" 

feeted* Aureomyoin feeding practically eliminated the 

establishment of rumen bacteria in the 3:2 hay to grain 

group* These beusteria 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 bsusteria 

in all hay to grain ratios, which is in agreement with 

other published results* This evidence suggests that the 

growth stimulation due to aureomyoin feeding resulted from 

an alteration in energy metabolism, possibly involving the 

mioroflora and fauna of the rumen* Hogue £t al* (26) are 

not in full agreement with the preceding study* They have 
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reported an increase in protein digestion and retention 

when aureomyoin was fed* A difference in rations used in 

feeding the experimental animals could possibly cause this 

diffeirence in results* 

Haddison et al* (48) found in artificial xumen 

studies that rumen juice samples taken from aureomycin-fed 

calves had a lower digestion of filter paper cellulose 

with or without starch or grain, and/or when grass juice 

was added than did samples taken from calves not fed aureo-

myoin* When alfalfa hay was substituted for filter paper, 

only a alight inhibition was noted* 

Kesler and Knodt (30) added crystalline terramyoin 

daily to the diet of six male Holstein calves at the rate 

of £0 rag* per 100 lb* of body weight* Three milk fed con 

trols were also observed* The antibiotic was added to the 

milk ration up to 8 weeks of age* At this point the terra 

myoin feeding was continued for three calves and stopped 

for the other three. The study lasted for 16 weeks. Ter 

ramyoin gave a ££.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 tasted for cellu 

lose digestion. The terramyoin-fed calves had a lower 

digestion (£4.£^) 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 oalf as it increases in age are not 

well understood* More work is needed ooneerning the meta-

bolio utilisation of the products resulting from microhial 

fermentation in the rumen* 

Teeri, Keener, and Morrow (65) used Jersey, Guernsey 

and Holstein oalyes under 5 months of age in a study of the 

glucose and asoorbio acid of blood* The calves were fed a 

ration consisting of grain, hay^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 to US weeks 

of age* Ho significant difference was found between breeds 

at any age* The values found for glucose were 110 mg. per 

100 ml* of blood for the d-week-old group, 89*7 mg* per 

100 ml* for the 5- to 8-weok old group, 76*7 mg* per 100 

ml* for the 9- to 14-woek-old group, and 74*ii mg* per 100 

ml* for the 15- to 23-weok-old group* Asoorbic acid values 

were found to be 0*50 mg* per 100 ml* plasma for the 4-woek-

old group, 0*41 mg* per 100 ml. plasma for the 5- to 8-weok-

old group, 0*45 mg* per 100 ml* for the 9* to 14-week-old 

group, and 0*48 mg* per 100 ml* for the 15- to JiS-week-old 

group. 

This same general trend of blood glucose levels has 

been noted by other investigators (24, 32, 86, 49, 58)* 

McCandless and Bye (36) studied glucose levels of several 

young domesticated and wild ruminants including sheep. 
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calves, goats, addax, antelope, aoudad, Asiatio deer, 

DybowBkl*s deer, eland, European red deer, Indian black 

buck, 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 

ruminants were found to have high glucose levels in the 

"carnivore range" during the first few weeks of life* The 

averages were 97 mg* per 100 ml* blood for the first 10 

days, 86 mg* per 100 ml* blood the second 10 days, 80 mg* 

per 100 ml# the third 10 days, 77 mg* per 100 ml* the fourth 

10 days, and 61 mg* per 100 ml* the fifth 10 days* 

The glyoemio levels wore inversely related to size 

and functional development of the rumen. The changes in 

blood glucose appeared as the young animals underwent a 

shift from milk to hay* These ohanges were believed to 

result from rumen bacterial ohanges and their incidental 

metabolism* Fasting ruminants were found to have a de* 

crease in glyoemio 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 glyoemio level and funotional develop-

ment of the rumen in both domesticated and wild ruminants* 

Hyperglyoomio ourves following meals oonsisting of milk 

alone, were higher than when milk was supplemented with 

grain and hay* 
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Marley, Jacobson, and Allen (43) studied chemical 

changes of the blood using ten Holstein calves. They were 

fed reconstituted akim milk, hay, and calf starter. 

Hay and concentrate were increased 2 lb« per week until a 

level of 1 lb« per feeding was reached. This ration was 

fed throughout the 12-week experimental period. Blood 

glucose decreased throughout the experiment. These authors 

have questioned the assumption that the glucose drop is 

associated with a dietary change because their calves were 

fed the same ration throughout the experimental period. 

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 a normal calf 

starter and good alfalfa hay fed in 4:1, 2:3, and 3:2 hay 

to grain ratios. For comparison, four Jersey calves were 

fed exclusively on whole milk to 12 weeks of age. 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 wore made at 4, 6, 9, and 12 weeks 

of age. Fatty acids were found to increase from 56 to 64 

mg. per 1. of rumen contents in the 4-woek-old calves to a 

maxiBaiffl of 84 to 99 mg. per 1. at 9 weeks of age. 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 suggests that the buffering oapaoity in the stomach 

increased as the hay intake increased* Blood glucose was 

found to range from 80 to 87 mg* i at 1 week of age and 

52 to 58 rag. 5^ at 8 weeks of age, after milk feeding was 

discontinued with no marked difference between hay to 

grain groups. 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 iteid (49) in a rumen development study. Tolatile 

fatty ausids, blood glucose, and blood plasma glucose were 

determined weekly. Volatile fatty aoids rose steadily 

with increasing age to 3 months of age, when the adult 

level was i^aohed. The range was 4.0 to 14.0 mg. per 100 

ml. blood. Blood glucose fell steadily as the calf aged 

until mature levels were reached. There was a 100^ drop 

before the onset of rumination* Plasma glucose remained 

at a constant level for the first 3 weeks, then decreased* 

Corpusclejplasraa glucose ratios were 0*45:0*99 initially 

and declined to 0*03:0.39 and remained so until the eighth 

week. 

Sight adult sheep were used to arrive at an adult 

corpuscle:plasma glucose level, which was 0:0*25* It was 

concluded that there is no close relationship between 

https://0*03:0.39


*■ 

SI 

glucose levels and rumen development. This conclusion is 

based on the following statements: 

1. Glucose declines after the first week, but 

rumen development is negligible during the 

first 3 weeks* fThe awthor did not mention 

the method used to determine the lack of 

rumen development*) 

S* More than 50^1 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 access to 

their dam*8 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 a recent study by McCarthy and Kesler (38), 

glucose and volatile fatty acids in the blood of a group 

of calves were determined every 7 days. Glucose was found 

to be 113*4 ffig* per 100 ml* of blood at 7 days of age, and 

steadily decreased to 43*9 mg. at 4H days of age* A range 

of 40 to 60 mg* was maintained throughout the remainder of 

the 16-week experiment. Total volatile fatty acids in the 

blood increased from 2d*a8 mg* per 100 ml* at 7 days of age 

to 6*84 mg. at 105 days of age* 
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This general trend has also been reported by other 

workers. Hodgson et al» (25) found no algnifloant differ-

enoe between breeds in levels of glucose in the blood of 

cows and found no effect of feeding time. Kennedy (29) In 

a more recent study, found blood glucose levels to rise 

sharply in oalves directly after feeding. He concluded 

that there is little delay in lactose absorption in oalves 

when milk is passed directly into the abomasum. 

In a later study by McCarthy and Kesler (39), a 

report was made of the effect of diet on blood glucose and 

volatile fatty acids in Holstein calves. Three trials were 

set up with the only major difference being the ration sup 

plied. Thi oalves in trial 1 had 5 lb. 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 6 

lb. of milk replacement twice daily with mixed hay. A 

steady decline in blood glucose was noted in the trial 1 

oalves. Those of trial 2 and 3 did not tend to decline, 

but they had started at a lower level. There was a 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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present in traoes at the l-week age. As the feed intake 

increased, fat increased to about 168 mg. 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. 

Waldo and Sohultz (56) conducted a series of studies 

aimed at determining the occurrence of lactic acid in the 

rumen, and its value as criteria for normal adult-type ru 

men function. Two groups of fistulated Holstein steers 

were used. One group was normally fad, while tho second 

group was fed different carbohydrate supplements. So 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 ooncentrations, probably 

because much acid was introduced. Grain caused a higher 

level of lactic acid than did hay alone. Glucose was tha 

only carbohydrate that produced lactic acid in the group 

of fistulated steers. 

Rumen contents were analyzed for acid production in 

a study by Lengeman and Allen (34) as a measurement of the 

maturity of the rumen. At least five animals were sampled 

from eaoh of the following age groups: 1 month, 1 to ii 

months, 8 to 3 months, 6 to 6 months, 10 to lid months, and 

cows over S years (milking). The chromatographio method 

was used in the determinations. Wo significant difference 
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was foand between groups in amounts of proplonlo and bu 

tyric acid* Acetic add was significantly lower in the 

l-month-old group than in the others. The 1-month-old 

group also showed greater amounts of suocinio acid and lac 

tic acid fractions. According to these criteria no 

difference was noted among animals orer 6 months of age« 

McCarthy and Kesler (38) have made one of the latest 

studies concerning rumen development in which rumen Juice 

samples were taken every 7 days from a group of calves. 

The experiment was ended when the calves reached 105 days 

of age. They found that volatile fatty acids in rumen 

Juice increased 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 experiorant. Cellulose digestion, 

which was determined in the artificial rumen, increased 

steadily from 46.6^ at 7 days of age to QT^l/o at 105 days 

of age. 

Sight 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. Water was restricted; how 

ever, in order to increase the desire for milk. Blood 

plasma was analysed for caloium, inorganic phosporoue, 

magnesium, and fat. Whole blood was analysed for 

-Vi*. *• i 
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oorpuscular plasma roliune, hemoglo1)ln, and sugar* The 

analysis was a weekly procedure* Restriotion to a whole 

fflilk diet was found to oause anorexia, nervousness* and 

digestive disturbances* Blood analyses showed high blood 

sugar* extremes of fat in the plasma* a decrease in hemo-* 

globin* and a gradual downward trend of magnesium in the 

plasma* 

Bacterial changes due to rumen development* The ru 

men depends largely upon bacterial action for digestion 

and vitamin synthesis* Pounden and Hibbs (47) bave ob 

served four general mioroflora types in mature rumen 

contents* These types were large oocooids* large cigar 

shaped rods* small rods in flat reotangular groups and 

large thick square ended rods* These workers raised a 

Jersey calf to 6 months of age with a rumen free of proto* 

zoa* but containing large masses of cigar shaped rods* 

It had a neat* healthy appearance like IB similar calves 

which received xuoMn inoculations* and were fed similar 

feeds* !I%iree other calves whose rumens were devoid of the 

usual protozoa and the three rods, hut contained large 

coccoids* had rough hair coats* and their abdomens appeared 

abnormally deep and pot bellied* 

Bumen 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* Bew York* and Tennessee 
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were stadled by Gall acd Hohtanen fl6) "with raspeot to 

kinds and numbers of bacteria present. Results were ob 

tained from over 6,000 isolations. From the data obtained 

five criteria were set up for judging true rumen organ-

ions. 'Sii9 criteria ware anaarobiosis, prasenee in numbers 

of at least 1,000,000 par g. of fresh rumen oontents, iso 

lation of similar types ten or more times from more than 

two different oows, isolation of similar types from two or 

fBore geographio locations, and the produotion by organisms 

of end products from substrates found in the rumen. 

A proper pH is obviously needed in the digestive 

traot for optimum bacterial eonditions. Monroe and Perkins 

(42!) studied rumen samples from 16 oows and steers fitted 

with permanent rumen fistulae. When mixed hay was fed, the 

pH was 7.01j hay and corn silage, 6.96; bluegrass pasture, 

6.47; and alfalfa pasture, 6.66. 

Two hundred calves from three states and 2!00 adult 

oattle from eight locations were used in obtaining rumen 

flora data by Hohtanen, Saunders, and Gall (H8). Calf 

rumens were consistently found to oontain nine organisms 

not usually found in adult rumens. Eleven organisms char 

acteristic to adult rumen were found in calf rumens as 

early as & months of age, and were found to increase in 

zmmbere as the animal aged. Organisms oommonly found in 

calf rumens were fast-growing, lactio acid-forming 

*L- ... 
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bacteria, which produced a low pH and heavy turbidity. 

Adult organiama grew more slowly with higher pH and little 

turbidity. Only two types of bacteria were found in the 

lumens of animals of all ages. More than two organisms 

have been commonly found in ruminants of all eiges by other 

workers fl6, 46, 47) as explained previously. 

Contents of rumens of three inoculated and three 

uninooulated isolated calves were studied by Bryant and 

Small (7), Cultural methods and direct microscope exami 

nations were used in the examinations, Hany bacteria and 

protozoa were established in the inoculated group as early 

as 6 to 9 weeks of age. Few bacteria and none of the in 

dicative protozoa were found in the inoculated calves even 

after 17 weeks of age, These workers concluded that inocu 

lations will hasten protozoa development, but not bacterial 

development, unless calves are raised under isolated con 

ditions, 

The n^tabollsm and physiology of rumen bacteria 

have been recognized by several workers as being directly 

concerned with the development of the rumen and the nutri 

tion of the animal (10, 21, 40), The purpose of a study 

by MoBeil, Doetsch, and Shaw (40) was to obtain information 

that would reveal the nature of the essentiality of rumen 

fluid to the rumen organisms. So materials were found 

whioh possessed the same stimulatory effect for the overall 
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rumen population as did rumen fluid. Rich nitrogenous 

materials ordinarily used for the grov/th of fastidious 

bacteria did not contain to any degree the e8;jential fac 

tors found in rumen fluid. In fact many substances were 

found to be inhibitory. Bumen fluid was found to be a 

source 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 digeatitn. The phases 

are regurgitation, remastication, inaalivation, and re-

swallowing. These four phases together with a slight pause 

after roswallowing. may be eaid to make up a "cycle of 

rumination" flE). The complex stomach, which is possessed 

by all ruminants, is a prerequisite of rumination, rather 

than the cause of rumination. Uot all animals with complex 

stomachs ruminate (whale, hippopotamus, sloth) (5). 

The graphic method was used by Bergman and Dukes (5) 

to analyse the act of regurgitation of the ox. The intrs* 

pulmonio 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 sfnoked paper by means of a pressure-oper 

ated recording tambour, numerous direct observations also 

were made by means of a permanent fistula located in the 

left flank of the animal. 
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Daring the aot of ruminating, a decided fall in 

intrapulmonio pressure was found* A negative pressure was 

experienoed inside the esophagus as seen by a definite 

suction at the oardia at the tia» 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 aspiratory act of the thorax, 

the necessary negative pressure in the esophagus being pro 

duced by an inspiratory effort with a closed glottis* JSo 

definite bolus formation was noted* A fairly fluid con 

dition is necessary for successful regurgitations* 3Jhs 

xumen 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 Sohalk 

and Amadon (51) using the gastric fistula method* Both 

visual inspection and manual palpation were used in the 

studies of a cow with a permanent rumen fistula in the 

left flank* The rumen interior was illuminated by a small 

electric bulb supported by a three-foot length of stiff 

galvanised wire* The bolus, daring the course of a meal, 

was projected into the stomach with considerable force and 

was rapidly deposited in the anterior rumen region* 

%e form, weight, and consistency of the bolus 

varied considerably, depending upon the type of food being 
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digastad. Forago material auoh as green or cured hay was 

molded into a firm, oblong mass with rounded extretnities* 

This type of bolus can be romovod frora the atomaoli 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 and quite often is dry in 

its center. The moan weight of hay boli was 85 g.; i^ole 

oats, 140 g.; ground grain feed, 101 g.; and whole corn, 

81 g. 

bolus was deposited just within the oardia in 

the anterior part of the rumen. It was found that the 

rotioulum undergoes two contractions following the entrance 

of one or sometimes several boli into the rumen. These 

contractions were olosely spaced, the seoond being more 

powerful than the first. These contractions foroe flows of 

retioular ingesta posteriorly into the rumen cavity. These 

flows of liquid play an important part In transporting 

newly arrived food material away from the oardia region, 

light-weight boli are obviously more easily moved poste 

riorly than are the heavy grain boll, thus hay boli are 
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usually stored in the depths of the rumen oavity. Shis 

moTeraent is important to keep the space clear, which pre-

Tonts any obstruction of the cardiac orifice. The rumino-

reticular fold was found to be instrumental in directing 

the flows from the retioulum over the oardia region, 

These workers are in agreement with others (5, 15) in 

stating that much liquid is needed for efficient rumen 

operation, 

Bemastioation is aocompanied by reinsalivation. 

The remastication according to Puller (15) was very slow 

and deliberate, differing markedly from the raastioation 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 end when eating hay, at an average 

rate of 78 per minute. When ruminating, the average rate 

of jaw movement was only 65 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 mastioation, communi 

tion was found to be adequately performed in the rumen and 

reticulum. 

The ruminated bolus when swallowed, returns to the 
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ramen* It was formally believed that it passed down the 

esophageal groove to the omasum and abomasom fl2)» Direct 

examinations have proved that no food of any consequence 

passes along the groove in the ruminating animal (51)» 

Two factors oonoeming the removal of the freshly 

chewed bolus from the region of the oardia, 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 and posteriorly. The second, as 

stated previously, is the contractions of the retioulum. 

Some observations of cattle actlvitiea. Most of the 

studies oonoemed 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 included quantitative work involving activities of 

cows for any substantial length of time. 

Hancock (19) has offered some definitions 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. 

Loafing time consists of time spent milling around while not 

grazing or lying. Besting time comprises that portion of 

lying time which is 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 and preferoncos 

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. Grazing consti 

tuted 75^ of the feeding time, 

Atkeson, Shaw, and Care (2) and Hancock (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, h'i.% of total 

time. The average daylight length during the study was 

11,7 hours, Hancock studied the effect of pasture quality 

on grazing 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 mediufn 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 paiature 

resulted in long grazing time and short ruminating time. 

Mixed and poor quality pasture caused long grazing time 

and medium ruminating time. 

Three hullooks were used in a study by Hughes and 

Held {Zl) in the summer of 1948, and eight bulloelrs were 

used in the Bummer of 1949. The study was concerned with 

time spent grazing, ruminating, and idling constantly on 

pasture. Observations were made monthly for 24 hours at 

5-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: 

1. Grazing •• 7*9 hours 

2. Ruminating - 7.3 hours 

3. Idling - 9.3 hours 

Grazing:ruminating time ratios were 2«0&:1 in daylight, 

0.08:1 at night and 1.12:1 for the overall 24~hour period. 

Observations of behavior of four Shorthorn cows for 

a 24-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 f0). The four cows were in a one-acre paddock. Hight 

viewing was facilitated by the use of an infa-red "sniper-

scope'** Average grazing time was 6*2^5 hours; lying down* 

9.ES hours; loafing (sum of above subtracted from hours) 

8*!i6; ruminating* 5.6 hours; defaeoations and urinations* 

11.6 and 9.8 times; number of drinks, 3.8; and distance 

walked, 3*060 yards. Herd observations were made at 5-

minute intervals during the day and 15-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 Ayrahires, Guernseys, Holsteins* and Jerseys, as 

to standing and lying time during a ii4-hour period. Time 

spent eating was ii.8 hours for Holsteins, 6.1 hours for 

Jerseys, and 5.98 hours for Guernseys and Ayrahires. 

Ruminating time for Holsteins was 8.98 hours; Jerseys, 8.8 

hours; and Guernseys and Ayrahires, 8.1 hours. 

Hancook (80) found in a 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 and quantity of forage (external) was found 

to be very important in regulating cattle activities* Graz 

ing time increased with scarcity of forage while ruminating 

time was increased by poor quality grass. Feed requirement 



� � � 

�� 

36 

for fflilk 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* 

I 
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SXPBRIMfSBTAL PROCifilXJi^ 

Stadlds designed to gain more understanding about 

rumen de-relopment in young oalves were conducted in the 

dairy oalf herd of the University of Tennessee* Frooedures 

that were used are esqplained below* 

Feeding and management of calves* Calves were 

assigned to the studies as they beoame 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-^Priesian and Jerseys, and grade 

Jerseys and Uuemseys* The oalves were left with their 

dams for S days* On the second or third day the oalves 

were usually moved to individual pens in the oalf bam* 

The milk ration was fed twice daily at 5:00 to 6:00 A.M* 

and F*M* For the first 6 days colostrum and whole milk 

were fed at 10;^ of body weight daily* Beoonstituted 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 

according to the expected gain of normal calves of each 

breed, so that the allowanoe was about 10^ of body weight 

at all times* The Jerseys were weaned at 100 lb*. 
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orosabrads at 120 lb., and Holateina at 160 lb. body 

weight. Mixed grass and legume hay waa fed ad libitum 

from the time the calves were put in individual pens. 

Pelleted calf starter was fed up to a maximum of 4 lb. 

daily. Water waa changed daily and waa available at all 

times* 

Pens were bedded with oat or wheat straw at first, 

followed by applications of wood shavings as often as 

necessary to maintain clean, dry conditions. The pens 

were 4 ft. by 12 ft. in size. Calves remained in these 

pens throughout the study. 

Observatione of daily activities. Twenty-eight 

normal calves (16 Holsteins and 12 Jerseys) were used in 

this phase of the study. Observations started on October 

11, 1956 and ended on April 12, 1957, i!lach calf was 

observed from 6 to 112 days of age. The calves were 

observed every 2 weeks during a 24-hour period. The 24-

hour periods were divided into four 6-hour shifts, which 

actually covered parts of 3 consecutive days. Observa 

tions of each calf were made at 5-minute intervals during 

the 24-hour period, and the activities of ruminating, 

eating and drinking, standing, and lying were cheoked. 

The following definitions are applicable to the 

observed aotivltiesi 

1. Ruminating time included the complete cycle of 

.S--; 
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ramlna'tion, Including re gurgitation, remaeti-

cation, and awallowing, and tJie short intorval 

between cycles. 

ifiating and drinking included the time spent 

talcing food or water into the mouth, chewing, 

and swallowing. 

3. Standing (self explanatory) 

4» lying (self explanatory) 

The recording of data was facilitated by tally sheets, 

which were divided into 72 intervals for each of the four 

activities. JSvery 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 at night. This provided 

just enough light for the observations, yet did not dis 

turb the calves. 

Calf ages in days for the eight periods each calf 

was observed were; Period 1» 6 to 14; Period 2, 20 to 28; 

Period 3, 34 to 42; Period 4, 48 to 66; Period 5, 62 to 

70; Period 6* 76 to 84; Period 7, 90 to 98; and Period 8, 

104 to 112. 

Blood gluooee detenninationa. Blood from 16 Jersey 

and 16 Holstein calves was analyzed for glucose. Some of 

these calves were not used in the 24-hour observation 

studies. A total of 194 determln^tiona was made. The 

5-

^ - ^ i ^ ^ J- :-v: ^ 
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blood was analyaed once a waek, starting with oalves 1 

week of age and younger for Period 1 and continuing through 

calves 15 to 16 weeks of age (Period 16)• JSo attempt was 

made to compare seasonal differences* However, it should 

be noted that the determinations were made in late winter 

and early spring. 

About 10 ml. of blood were collected from the jugu 

lar vein of the oalves into a teat tube containing 0.05 oo. 

of heparin solution, which was used as the anticoagulant. 

The blood was oolleoted at noon, about 6 hours after the 

morning feeding. Analysis was made the same day as col 

lection to minimiae the effect of bacterial action. 

The method of analysis used in the study was first 

developed by Somogyi (53) in 1945. This method was altered 

by using the new somogyi (54) copper reagent emd the 

arsenomolybdate color reagent developed by Helson (44) for 

use with the Somogyi method. The samples were read in an 

Hvelyn colorimeter using a 515 m^filter rather than the 

520 m^ filter suggested by Somogyi (53). The density of 

each transmission value was read from the colorimeter 

chart. A standard glucose solution containing 40 mg. i» 

was analyzed with each group of blood samples. Blood 

glucose was calculated by using the following formula: 

Blood Oluoose,. Af\ v ^ a.* n■ hh■ ■ t »(Hg. jg) - ^ Penalty of Standard 
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Colleotion of poat-mortem apeolmens* Seventeen 

grade Jersey oalves were sacrificed for observations of 

the digestive tract at about 2 weeks of age» These oalves 

were fed milk or reconstituted skim milk for at least 3 

days before sacrificing. On the day of sacrificing, the 

calves were fed £.0 kg. of the usual experimental milk by 

nipple pail at the nomal feeding time and were killed £ 

hours later. In order to prevent regurgitation or mixing 

of the contents of separate organs, the calves were eleo-

trocuted. This was accomplished by attaching one electrode 

to the anus and another to the lip, and using a 110 volt 

currant. 

An incision was made posterior to the ribs, and the 

ribs were sawed off to eixpose the stomachs. Ties were 

made at the esophagus feardia), at the ofaasal-abomasal 

junction, at the abomasal-duodenal junction, and at the 

separation of the ileum and jejunum. The digestive tract 

was then removed to the laboratory. Beoause of the diffl* 

oulty of accurately separating their oontents, the rumen, 

retioulum, and omasum were handled as one section* Kearly 

all the contents of this section were in the rumen-

reticulum. 

Age, weight, ration, and health notes were recorded 

for each calf. The rumen-retioulum-omasum and abomasum 

sections were weighed full and empty in order to get a 



 

 
�  

4& 

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 Q pH meter, A descrip 

tion of the digestive tract and its contents was also 

recorded. 

Three of these oalvoa were observed for the four 

activities in the manner explained previously for one <i4-

hour period before saorifioing. 

r ' 

. -''i* 
■:'yj 



HESUITS 

Ayerage8 of observed aotlvltiea. Fourteen Holatoin 

calves In Periods 1 through 4 (6-14 days old through 48-56 

days old) and 16 Holstein oalvea in Periods 6 through 8 

(6ii-70 days old through 104-lla days old) were used in 

obtaining activity observations at S-minute intervals for 

24 hours every 2 weeks. Eleven Jersey oalves in Periods 1 

through 3 (6-14 days old through 34-42 days old) and 18 

Jersey oalves in Periods 4 through 8 (48-66 days old 

thirough 104-112 days old) were also used for these obser 

vations. 

The average percentages of Holstein calves engaged 

in the observed activities (ruminating, eating and drink 

ing, standing, and lying) for each period during the day 

and night hours are shown in Table II. The average per-

oentage of oalves ruminating was highest during the day 

hours through Period 2 (20-28 days old), 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 oalves eating and 

drinking was higher during the day hours than during 

the night hours throughout the 112-day study. This situa 

tion was found in the average percentages of calves 

standing. An average of 7.8JS more calves wag standing 
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daring the day hours than in the night hours. As shown in 

fable II,standing and lying peroentagea are exactly oppo 

site. 

The average percentage of Holatain calves rumina 

ting daring the day and night hours increased each period 

throughout the entire study, fhe average percentage of 

calves eating and drinking increased through Period 6 

(76-84 days old), but decreased slightly in Period 7 (90-

98 days old) and in Period 8 (104-11/i days old), fhe 

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). 

fhe averages of the observed aotivities 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. fhe percentage of calves standing was 

highest at feeding time. The minimum percentage of stand 

ing calves was noted at 11 to 12 o'clock both day and 

night, fhe percentage of calves eating and drinking was 

highest at feeding time in Periods 1 through 4. 

fhe peroentagea of 16 Holstein calves that were 

ruminating at various times in Periods 6 through 8 wore 

very similar as illustrated in Figures 5 through 8. The 

highest peaks came in the early morning before feeding. 
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Daring the remainder of the day generally uniform percent 

ages of calves were ruminating except at feeding time when 

a drop occurred. It was also noted that a lower percentage 

was eating and drinking at mealtime than in the first four 

periods. This was probably due to the cessation of milk 

feeding. As in the first four periods, the percentage of 

calves standing was 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 6 

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 111. The 

percentage of calves ruminating was highest during the day 

light hours in Periods 1 (6-14 days old) and 3 (34-42 days 

old), and highest by an average of 3.5;^ during the night 

hours in Periods 2 (20-28 days old) and 4 through 8 (48-66 

days old through 104-112 days old). There was an average 

of 5.4^ more calves eating and drinking during the day 

than at night, and calves standing averaged 11.6'^ higher 

daring 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 to increase again 

in Period 6 to 24.2 in Period 8* 

; 
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The average peroentage ©f Jersey calves eating and 

drinking at one tin® increased from 7,1 in Period 1 to 

15.9 in Period 6* Prom this point the peroentage decreased 

to 13»8 in Period 8* The peroentage of oalves standing 

increased steadily from Periods 1 through 7, and decreased 

slightly in Period 8. 

As in the case of the Holsteins, the Jersey oalves 

ruminated loss at feeding time than the remainder of the 

day. The peroentage of oalves ruminating was fairly uni 

form throughout the day except at feeding time in Periods 

1 through 8 fPigures 9 through 16). 

The peroentage of Jersey oalves eating and drinking 

and standing tended to parallel each other in all periods 

with highest peaks being recorded during feeding time. 

These aotivities followed a pattern similar to that of the 

older Holstein oalves 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 oalves that had started to 

ruminate in Periods 1. £, and 3 are shown in Table IV# 

These periods oover oalf ages of 6 to 42 days. All of the 

Holstein calves had started to ruminate by Period 2 (20-28 

days old), and ell Jerseys had started to ruminate by 

Period 3(34-42 days old)* 

Ix.. i' ■. ' -a. "i i- - "r-U - 1: i;_ 
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The youngest Jersey obaerred ruminating was 10 days 

old, and this calf ruminated for 46 minutes of the ii4-hour 

period* !Rie latest Jersey to start ruminating was observed 

in Period 3 (4J5 days old)* 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* 

Bumination was observed in the youngest Holstein at 7 days 

of age, and this calf ruminated for only 15 minutes in the 

24-hour period* The latest Holstein to start ruminating 

was observed in Period 2* !]%ie age of this calf was 23 days, 

and it ruminated 310 minutes in the 24-hour period* It had 

apparently developed nearly normal rumination in the time 

between observations at 9 and 23 days of age* 

The average time spent ruminating, eating and drink 

ing, standing, and lying by Holstein and Jersey oalves for 

24 hours during each observation period is shown in Table 

V* The time ruminating by Holstein oalves 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 days old). A slower rate of increase 

of time ruminating was noted after Period 4 (48-56 days 

old) than in the first three periods* The average rate of 

increase during the 2-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 (48-55 
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days old) through Period 8 (104-lia days old) 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 deoz^ased to 236.6 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 tlfBS 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). 

A 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 average rate of increase dur 

ing the E-week intervals between periods for the first three 

periods was 100 minutes per 24 hours per interval. The in 

crease from Period 4 (48-56 days old) through Period 8 (104-

112 days old) was 14.9 minutes per 24 hours per interval. 

The time spent by the Jersey calves in sating and 

drinking and standing increased in parallel except for the 



68 

414«5 minutes standing per iJ4 hours in Period 1 f6-14 days 

old) which seemed ahnormally high# 

She time lying is exactly opposite to the time 

standing for both breeds. 

She 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 a rather rapid increase from 13.3 

minutes each time ruminating In period 1 (6-14 days old) 

to 23.4 minutes in Period 3 (34-42 days old) for the 

Holsteins. Jersey calves averaged 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 saa» for Holsteins and Jerseys throughout the experi 

ment,except in Period 1, when the Holstein calves 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 ago,was due more to 

an increased number of rumination periods than to longer 

periods* 
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Blood fyluooae detearralnatlona. Tho average aiaount 

of blood glucoge for Holstein and Jersey calves at weekly 

intervals la shown in Table VII• By the sixth weak of age 

both Holstein and Jersey oalves showed a leveling off of 

the decreasing trend of blood glucose levels* After this 

age, values of about 60 mg* ^ were maintained throughout 

the remainder of the study with the weekly averages rang 

ing from 55.6 to 67.4 mg. The range for individual 

Holstein oalves was 117.0 mg. % for one 1-week-old calf 

to 35.0 mg. ̂ for one 16-week-old oalf. There was a range 

from 115.0 mg. ̂  at 1 week of age to 46.0 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 oonstruoting this table, the 

data were arranged aeoording to time before and after 

weaning. The weekly average blood glucose for Holateins 

before weaning ranged from 117.0 mg. ̂ (one calf) to 76 

mg. 5^, and after weaning 56.5 to 64.5 rag. Weekly aver 

age blood glucose values for Jerseys ranged from 71.<d 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 oalves weaned, at which time it 

dropped abruptly by 18.5 mg. % for Holsteins and 10 mg. % 

for Jerseys. After weaning, the blood sugar remained uni 

form, averaging 6U.mg.^ (Btelsteln) and 59.5 mg.^ (Jsraeys). 

l^ilU 
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TABUS VII 

AVEMGiS WBEKLY BLOOD GLUCOSE FOR 
JERSEY AiSD HOLSTEIS CALVES 

Holateins Jorseys 

Deter- Glu- Deter- Glu-
Period Ago minationa aoae mlnations cose 

(Days) (90.) (Mg. %) (90.) (Mg. %) 

1 3-7 3 97.0 4 89.6 

£ 10-14 3 92.0 6 90.0 

3 17-21 3 92.0 7 71.3 

4 24-28 6 81*0 7 72.0 

6 31-35 4 90.7 5 67.0 

6 38-42 4 70.7 6 60.0 

7 45-49 4 61.5 5 63.8 

8 52-56 4 63.0 6 57.6 

9 59-63 * 69^5 6 62.7 

10 66-70 68*0 7 ' 56.9 

11 73-77 5 63.6 8 58.1 

12 80-84 6 67.4 8 57.6 

13 87-91 8 61.6 9 60.3 

14 94-98 9 61.0 7 55.6 

16 101-105 10 61.1 9 63.0 

16 108-112 9 56.7 9 59.0 
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TABLE VIII 

fiPPECT OP EJOLUDIIJG MILK PHOM THE DIET OP HOLSTEIII 
AUD JERSEY CALVES OH BLOOD GLUCOSE LEVELS 

Holateins Jerseys 

flBie Before Determi Blood Determi Blood 
Weaning nations Glucose nations Glucose 

fWks*} (Ho,) (Mg. (Ho.) (Mg. i) 

6 1 117.0 1 74.0 

6 £ 96.0 3 88.3 

• 4 8 90.5 4 79.7 

3 3 80.3 4 71.8 

8 3 81.0 5 68.6 

1 3 75.0 6 68.0 

Time After 
Weaning 

(Wks.) 

1 4 66.5 6 58.0 

8 4 65.0 6 66.1 

3 4 56.8 6 59.6 

4 , • 4 59.8 6 53.8 

6 . 64.5 6 . . V : 49.8 

. 
'K 

6-^ 
r-

3 68.6 \ 63.7 

3 61.3 3 

8 1 68.0 3 64.0 

7 61.0 
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71me raalnatlng oomparea with blood filaoose. 5fho 

deoreaee of blood glucose found with the advancing age of 

the calf was accompanied by an inoroaae in ruminating time* 

This relationship is shown graphically in Figure 17. The 

blood glucose and ruminating time curves each tended to 

level off at 5 to 6 weeks of age. 

The regression of blood glucose on ruxninating time 

was determined as shown in Figure 18. This indicates that 

in a nonruminating calf the blood glucose level would be 

above 90 mg* As rumination increases, blood sugar de-

elines* The coefficient of correlation (r) between blood 

glucose and 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 oalves and by 

activity observations made of 4 calves. A description of 

the stomaoh and its contents was recorded according to 

the different types of milk used in the ration as shown 

in Table IZ. The oalves that were fed reconstituted skim 

milk or a 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 milk. The 

contents of the abomasums from these oalves contained large 
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pleoes of ourd and had an aold-whey odor* All other oalvos 

had poorer ourd development and an abnormal odor in their 

abomasoms* 

Weights of the empty organs and of the oontents of 

the stomaohs of the calves, and the pH of the stomaoh and 

small intestine oontents were determined* These data are 

presented in Table X according to the development of rumi 

nation* The abomasura was more acid than the rumen-

reticulum-omasum for ruminating and nonruminating calves* 

The closer the oontents of the small intestine were to the 

large intestine, the leas aoid they were* The oontents of 

the digestive tract of the nonruminating calves were 

slightly more aoid than were the digestive tract contents 

of the ruminating calves* 

The empty weights and content weights of the rumen-

retioulum-omeaum were greater for ruminating calves than 

for nonruminating calves. 'Rib empty and content weights 

of the abomasum were greater for the nonruminating calves* 

The empty abomasums and the oontents of the abomaaums of 

nonruminating calves were heavier than were the rumen-

retioulum-omaeums* The contents and empty rumen weighed 

more than the abomasum in ruminating calves* 

Calves 474, B-787, and B-792 wore observed for eA 

hours before sacrificing* The time spent ruminating, eat 

ing and drinking, standing, and lying were recorded# These 
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actlTltlee aro shown in Figures 19, 20, and 21# The time 

of day that each calf was engaged in the activities, and 

the total time for each activity are shown graphically. 

Most of the time spent eating T/as seen at feeding 

time with other short periods scattered throughout the day# 

5o 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 averetge length of periods of rumination 

for calf B-787 (14 days old) was 12,6 minutes (Figure 20)# 

The average length of periods of rumination for calf B-792 

(18 days old) was 8,2 minutes (Figure 21), 

Another calf which was sick was observed for 24 hours 

at 5-*minute intervals before a post-mortem examination was 

made. At no time was this calf observed ruminating. The 

contents of the rumen and abomasum of this calf were very 

similar to the other nonruminating calves that were sacri 

ficed, 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 

ranoid fat# 
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DISCUSSION 

These studies hsYS aho^ that the nunen in healthy 

oalves begins to deyelop at an early age and approaches 

mature function .rapidly* Bo other studies have been found 

that reported the progression of rumination as a result of 

direct observations* 

The average percentage of calves observed rumina 

ting was higher for Holstelns 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 and 48-56 

days old). 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 Holstelns were larger 

calves with n»>re 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 Holstelns or Jerseys* The highest percentages of 

oalves 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 oalToa in both breeds started to rarainate before 

or during Period 1 f6-14 days old)♦ fhe remainder of 

the Holsteins and all but one of the Jerseys started to 

ruminate after Period 1, and before or during Period 2 

(UO-SS days old)* Thus the onset of rumination for near 

ly all the calves in both breeds had occurred by 4 weeks 

of age. 

The time spent ruminating and the age of the young'*' 

08*. and oldest calves to start ruminating were stated 

previously. When the oalves started to ruminate at about 

1 to E 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 either case, mature type rumina 

tion (as measured by time observations) was reached at 

about the same age. 

Time spent ruminating by Holstein oalves increased 

during the intervals between Periods 1 through 3 (6-14 

through 34-4E days old) nearly five times faster than in 

the remainder of the study (up to HE days of age). The 

increase during the intervals between Periods 1 through 3 

for Jersey oalves was over six times 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. 



Castle, Foot, and Halley (8) observed four Shortbom 

oows that ruminated an average of 336 minutes par hours 

in a pasture management study. Similar results have been 

reported by others (15, 80, 87), IHie rapid rate of in 

crease of ruminating time for Jersey and Holstein calves 

started to level off during Period 3(34-48 days old). At 

this age the average ruminating time was close to the time 

found in the studies mentioned above, She gradual increase 

in rumination time after this age could be duo to increased 

rumen capacity and consumption of larger proportions of 

hay. 

The number of times per day that the oalves ruminated 

and the average length of each time increased as the 

Holstein and Jersey oalves aged up to 34 to 48 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 (85, 89, 38, 38, 39, 58) have 

suggested that the amount of glucose in the blood of rumi 

nants is an indication of rumen development, MoCarthy and 

Kealer (38) found the blood gluoose level for calves under 

7 days of age to be 113,4 mg, The glucose decreased to 

43,9 mg, % at 48 days of ago, and a range of 40 to 60 mg, 

% was maintained throughout the remainder of the 118 day 

study. The other investigators mentioned above have m 
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reported similar trends. The amount of blood glucose found 

in the calves in this study^ as well as the decline 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 

calves. 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 This 

is not the oomplete 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 increased, the hlood gluoose de 

creased for Holstein and Jersey calves. The blood glucose 

curve leveled off at about 6 weeks of age as did the rumi 

nation time curve, which indicates that rumen development 

is well advanced by this age. 

According to the descriptions of the digestive tracts, 

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 consumption. 
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fhe weights of the empty organs and organ contents 

of the slaughtered oalvea were shown previously in Table 

The rumens of the nonruminating calves weighed less, 

and the abomasum weighed more empty and full than these 

organs in the ruminating calves. This helps to confirm 

the belief that the rumen is leas important In the diges 

tion in the young nonruminating oalf than is the abomasum. 

As the rumen and rumination develop, the abomasum becomes 

less and less Important in digestion. 

Whether or not the slaughtered calves were znmina-

ting was determined by the appearance of the contents of 

the rumen. Finely chewed, well mixed food material, and 

absence of free liquid indicated that rumination had begun, 

Unchewed food, large pieces of hay and bedding, and excess 

liquid were considered to indicate the absenoe of rumina 

tion, One oalf was observed at 5-minute intervals for 84 

hours before the post-mortem examination, and no rumina 

tion was recorded. This oalf*a stomach contents were like 

the stomach contents of the previously killed nonruminating 

oalves. Three other calves wore observed before slaugh 

tering, and wore found to be rurainoting. Their stomach 

contents were like the previously observed contents from 

the stomachs of the ruminating calves. This suggests that 

criteria used for the determination of development of 

rumination were correct. 



SUMMARY 

A total of 76 Holstdin-FrleslaQy Jersey, and grade 

calves were used in this study# These calves were fed a 

normal hay emd grain ration and reoonatituted skim milk 

(fortified with aurecmyoin and vitamin A and D) at lO^S -

body weight. They were kept in Individual pens with 

solid sides* 

Observations of dally aotivlties of Holstein and 

Jersey oalves were made at 5-minute Intervals every E 

weeks up to 112 days of age* Aotivities that were ob 

served inoluded rumination, eating and driziking, standing, 

and lying* The percentage of Holstein oalves ruminating 

was greater than Jerseys in each of the 8 observation 

periods* In nearly all the periods, a higher percentage 

of oalves in both breeds ruminated at night than during 

the day. The percentage of Holstein oalves eating and 

drinking was 3*6^ higher during the day than during the 

night, and it was 5*4^ higher during the day for Jersey 

calves. There was a higher percentage of Holstein and 

Jersey oalves standing during the daylight hours through 

out the study* 

Percentages of Holstein and Jersey calves engaged 

in all aotivities have been shown graphically* Rumination 

time was lowest for both breeds at feeding time in all 
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periods and was fairly uniform during the remainder of eaoh 

period* All Holstein calves had started to ruminate by 

Period £ f£0-28 days old), and all Jerseys had started by 

Period 3 (20-28 days old)* 

By Period 3 (34-42 days old), both Holstein and 

Jersey calves spent an amount of time ruminating 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 mads for Holstein 

and Jersey calves, and these date were used as an indica 

tion of rumen development* 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 & nonruminating grade calves* 

These calves were assigned at random to 6 groupi^ differing 

only in type of milk in the ration* Buminating 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 milk* These same types of milk produced larger 



ourd foimatlons and a more ''whey"-like odor in ruminating 

and nonruminating calires than did the other types of milk» 

Three calves were observed before slaughtering, and 

their activities are shown graphically for 24 hours at 5-

minute intervals# These calves, as well as the other 

slaughtered ruminating calves, had mature types rumens as 

fudged by appearance of organs and contents# One calf 

observed in this same manner had not luminated# The stom 

ach contents of this oalf showed the same definite signs 

of undevolopment that were observed in the other slaugh 

tered nonruminating calves* 



 

ACOOWLEDGaMEHT 

The writer expresses his gratitude to Dr. E. W. 

Swanson for his guidance and helpful criticisms throughout 

this study. Appreciation is also expressed for the help 

ful suggestions for the manusoript hy Dr. L. J. Boyd, and 

for the cooperation of Professor 3. A, Hinton and Mr. A. C. 

Carmen in the use of the calves and farm facilities. 

.. ' V 

f ; -* >■ \ ^ \ ^ /' ! ^ 4 ■" I.-" 

)M^4 

' ■r-A' -r 
♦ I.' iX.y- . 

I 



 

 

 

..V.> "• • 

!. •-•• -i' '" 
„ .»• ''t-

RB;SBgRC£S 

w-

■* ,'•■• *1 

V 

jr- ^ 
; i , . . ,- \i . ■ f-' '-v■■LA y\ "X 'i ^ 

- N 

■■ Jp > ? ■<> 
V _r* V 

.'V.y -yy- .'y., 

.'■r ■ ■■: ,t ■ ■ . -

^TiSy i itr i> ' I'lA'i/ai'aB^i't'i'i. iK' ' b^ 



RiSFJSHiSGES 

fl) Aim,S. U, Blood Fat of Dairy Cattle. II. Factorg 
Influencing the Pat Content of Blood Plasma. 
Minn. Agr. Expt. 3ta., Btm. 130: 17. 1938# 

(8) ATKE30N, P# W., SHAW, A. 0#, and CAVE, H. W. Grazing 
Habita of Dairy Cattle. I. Dairy Sci., 35: 779. 
1942. - ^ 

(3) MCHIfiSL, 3. I., EOKISS, C. H., and PAIMBR, I. S. The 
Vitamin B Bequirements of the Calf. J» Dairy 
Sci., 9: 409. 1926. ~ 

f4) BSCKSR, R. B., DIXAHHOLD, P. f., and ItAHSHAII, S. P. 
Development of the Bovine Stomach Daring Petal 
life. J. Dairy 3oi.. 34: 329. 1961. 

(5) H5RGMAH, H. D., and DUICifiS, H. H. An Experimental 
Study of the Mechanism of Hegurgitation in Rumi 
nation. J. Yet. Med. Assoc.. 69: 600. 1926. 

f6) BLAXIER. K. I., HUTCHESOH, M. H., ROBERTSOlf, J. M., 
and WII30B, A. I. The Influence of the Diet on 
the Development of the Alimentary Tract of the 
Calf. Brit. J, Butrltlon. 6: i. 1952. 

ff) BRYABT, H. P., and SMALL. H. The Development of 
Rumen Microorganisms in Inoculated vs. Isolated 
Growing Calves. J. Dairy Sol.. 39: 927. 1956. 

f8) CASTLiS, M. E., FOOT, A. S., and HALLY, H. J. Some 
Observations on Behavior of Dairy Cattle with 
Particular iteferenco to Grazing. J. Dairy Res. 
17: 215. 1950. ~ 

(9) COHRAD, H. H.. and HIBBS, J. W. A High Roughage Sys 
tem for Raising Calves Based on Early Rumen 
Development. IV. Synthesis of Thlamine and Ribo-
flavin in the Rumen as Influenced by the Ratio of 
Hay to Grain Fed and Initiation of Dry Feed Con 
sumption. J. Dairy Sci., 37: 512. 1954. 

(10) COBHAD, H. H., HIBBS, J. W.. POUBDSH, W. D., and 
SOTTOH. T» S. The Effect of Rumen Inoculations 
on the Digestibility of Roughages in Young Dairy 
Calves. J. Dairy Sci., 33: 565. 1950. 



96 

(11) C03Y, V« L« Aotivitiea of Llvaatook: on the Hang®. 
Texas Agr. iSxpt. Sta,, Boll, 367, 19ii7, 

(12) DTOSS, H, H, The Physiology of Bonieatic Animals, 
ComBtock POT, Co,. ItnloaT JTT:—TqOT 

(13) DYB, J. A, Glycemlo levels and Rumen Development in 
Calves, Report of Hew York State Veterinary 
College, Cornell University, 1951-52, 

(14) fillUG, P, V,, and WRIGHT. L, H, A Study of the 
Physical Changes in Feed Residues Which Take 
Place in Cattle During Digestion, J, Agr, Rea,, 
13: 639, 1918, "" 

(15) PDLLSR, J. M, Some Physical and Physiological 
Activities of Dairy Cows Under Conditions of 
Modern Herd Management, Hew Hamp, Agr, iSxpt# 

Sili* 35: 1. 1928. 

(16) GALL, L, S,, and HUHTARBH, C, H, Criteria for Judging 
a True Rumen Organism and a Description of Five 
Rumen Bacteria, £, Dairy Soi.. 34: 353, 1951. 

(17) GROSSMAH, J. D, Form, Development, and Topography 
of the stomach of the Ox, J. Vet. Med, 
Assoo,, 114: 416, 1949. "" 

(18) HAHCOCK, J, Grazing Behavior of Cattle, Ana, Breed-
ing Abs., 21; 1. 1953, 

(19) HAHCOCK, J. Grazing Habits of Dairy Cows in Hew 
Zealand, Hmp, £, Bxpt. Agr.. 18: 249. 1950, 

(20) HAHCOCK, J, Studies of Grazing Behavior in Relation 
to Grassland Management, I, Variations in Graz 
ing Habits of Dairy Cattle. J. Agricultural 
Soi,. 44; 420, 1944, ~ 

(21) HIBB3, J. W,. POUHDBH, W, D,, and COHRAD, H. R, A 
High Roughage System for Raising Calves Based 
on the ifiarly Development of Rumen Function. I. 
Bffect of Variations in the Ration on Growth, 
Feed Consumption and Utilization, J. Dairy Sci,. 
36: 717. 1953, "" 

(22) HIBBS. J. W,, COJJRAD, H. H,, and POUHDSH, W, D, A 
High Roughage System for Raising Calves Based 
on the ifiarly Development of Rumen Function. II. 



97 

Growth, Feed Consumption, and Utilization by 
Calves Fed a SiH Ratio of Hay to Grain With or 
Without Molasses or Fennicilin Supplement* J* 
Dairy Boi*. 36: 1319* 1953. ~ 

fH3) HIBBS, J. W., COBRAD, H*^ R,. and POUBM, W. D. A 
High Houghage System for Raising Calves Based 
on the Early Development of Rumen Function. V. 
Some Effects of Feeding Auroomycin With Differ 
ent Ratios of Hay to Grain. J. Dairy Soi., 
37: 7a4, 1954. ~ 

fE4) HIBBS, J. I., COBRAD, H. R., PODHDEN, W. D., and 
FHAHK, B. A High Houghage System for Raising 
Calves Based on the Early Development of Rumen 
Function. VI. Influence of Hay to Grain Ratio 
on Calf Performance, ftimen Development, and 
Certain Blood Changes. J. Dairy 3ci., 39; 171, 
1956. "" 

(E6) H0DG30B, R. E., RIDDLE, W. H., and HUGHES, J. S. 
Factors Influencing the Blood-Sugar Level of 
Dairy Cattle. £. Agr. Res.. 44: 357. 193E. 

(26) HOGUB. D. E.. WARHER, H. G.. GRIFFIB, C. H., and 
LOOSLI, J. E. Digestion Coefficients and nitro 
gen Retention of Young Dairy Calves as Affected 
by Antibiotics and Advancing Age, J. Animal 
Sci., 12; 788. 1953, ~ 

(27) HUGHES. G. P., and RBID, D. Studies on the Behavior 
of Cattle and Sheep in Relation to the Utiliza 
tion of Grass. J. Agricultural Sci., 41: 350. 
1951* "" 

(28) HUHTAJSES, 0. B,, SAUBDERSi Hi K*, and GALL, L. S. 
Some Differences in Adult and Infant Rumen Flora 
of Cattle on Practical Rations. J. Animal Soi., 
10; 1049, 1951. "" 

(89) KSBBEDY, W. L., ABDERSOB, A. E,, BEGHDSL, S. I,, 
and SHIGLEY, J. F. Studies on the Composition 
of Bovine Blood as Influenced by Gestation 
Lactation, and Age. J. Dairy Soi., 22: 251. 
1939. 

(30) KBSLifiH. E. M.. and OODT, C. B. Effect of Terra-
myoin on Growth and Rumen Function in Holstein 
Calves. £. Animal Sol., 11; 768. 1952. 



98 

(31) KSSLSR, iiJ. M., aOHEIKG. M., and OODT. C. Some 
Physical Characteristics of the Tissue and Con 
tents of the Human, Abomasum, and Intestines in 
Male Holstein Calves. J. Animal Sci.. 10; 969. 
1951. 

(38) LAMBERT, R. Relation of Growth, Peed Consumption, 
and Certain Blood Constituents to Changes in Die 
tary of Young Dairy Calves, J, Dairy Sci.. 
38: 6. 1955. "" 

(33) LASSI^^R, C. A. Antibiotics as Growth Stimulants 
for Dairy Cattle: A Review. J, Dairy Sci., 
38: 1108. 1955. "" ^ 

(34) LSBGMAir, P. W., and ALIBH, IT. H. The Development 
of Rumen Function in the Dairy Calf. I. Some 
Characteristic8 of the Rumen Contents of Cattle 
of Various Ages. £. Dairy Sci.. 38: 651. 1955. 

(35) MARSHALL, S. P., DIX ARBOLD. P. T,, and BSCKSR, H. B. 
Postpartum Development of Bovine Stomach Compart 
ments and Observations on Some Characteristics 
of Their Contents. J. Dairy Sci.. 33: 379. 1950. 

(36) McCAHDLESS, E. L., and DYE, J. A. Physiological 
Changes in Intemediary Metabolism of Various 
Species of aiminants Incident to the Functional 
Development of Rumen. Am. J. Physiology, 168: 
434. 1950. •" 

(87) MoCABDLISH, A. C. Studies in the Growth and fiutri-
tion of Dairy Calves. VI. The Addition of Hay 
and Grain to a Milk Ration for Calves. J. Dairy 
Sci., 6: 347. 1983. ~ 

(88) McCarthy, R. D., and KESLiSR, E. M. Relation Between 
Ago of Calf, Blood Glucose, Blood, and Rumen Lev 
els of Volatile Patty Acids and In Vitro Celluloee 
Digestion. J. Dairy Soi.. 38: 605. 1955. 

(39) McCarthy, R. D., and KSSLSR, E. M. Relation Between 
Age of Calf, Blood Glucose, Blood, and Rumen Lev 
els of Volatile Fatty Acids and In Vitro Cellulose 
Digestion. £. Dairy Soi., 39: 1880. 1956. 

(40) MoHEILL, J. J,. D0ET3CH, R. 5., and SHAW, J. C. Some 
Btttritional Requirements of Bovine Rumen Bacteria. 
£.• Dairy Sci., 37: 81. 1954. 



99 

(41) MiiiAD, S* W«t and lilf* M* Peficienclos in Ra 
tions Devoid of Roughage for Calves* I, The 
affeot of the Addition of Cod Liver and Alfalfa 

£• Dairy Sci.* 14: 283* 1931. 

(42) HOBROE. C. P.* and Pi^imiTS. A* Ifi. A Study of the 
pH Values of the Ingesta of the Bovine Rumen* 
J* Dairy Sol*, 22: 983* 1939* 

(43) MDHtiSY. W. R*, JACOBSOS* K. L., and AILiiN, R. 3* 
The JSffect of Aureomyoin Supplementation on 
Growth and Peed Dtiliaation of Young Dairy 
Calves* J* Dairy Sol*. 35: 846* 1952, 

(44) HBLSOB, B* A Photometric Adaptation of the Somogyi 
Method for the Determination of Glucose* J* 
Biol* Chem.. 153: 375, 1944, 

(45) PODNDBN. W* D., and HIBBS, J* W* The Influence of 
the Ratio of Grain to Hay in the Ration of Dairy 
Calves on Certain Rumen Microorganisms* J* 
Dairy Sci** 31: 1051* 1948* 

(46) POUBDBH, W. D,* and HIBBS, J. W* The Influence of 
the Ration and Rumen Inoculations on the Bstab-
lishment of Certain Microorganisms in the Rumens 
of Young Calves. £• Dairy Sol.. 31: 1041* 1948. 

(47) POUHDBB, W. D., and HIBBS, J* W* Variations in Di 
gestibility of Certain Characteristic Rumen 
Microorganisms and Some Effects of Their Absence 
on Calves* J* Dairy Sci., 33: 378. 1950. 

(48) RADDISOH, J. J*. BAHTLBY, E. iS*. POUHTAIHB, P* C., 
and ATKjSSOH, P* W, Effect of Aureomyoin and/or 
Grass Juice Concentrate on Cellulose Digestion 
in an Artifioial Rumen, as Influenced by Differ 
ent Sources of Butrients* J* Animal Soi*. 
12: 929* 1953. "" 

(49) IQSID, H* L. Studies on the Carbohydrate Metabolism 
of Sheep* VI* Interrelationship Between Changes 
in the Distribution and Levels of Glucose and in 
the Levels of Volatile Patty Acids in the Blood 
of Lambs* Aus* J, Agr. Res*. 4: 213* 1953* 

(50) SAVAGS* E. S*. and McCAY, C, Y* The Hutrition of 
Dairy Calves: A Review* J. Dairy Sci*, 24: 595* 
1942, 



xoo 

(51) 3HALK, A. ¥», and AMAjX)N, H. S. Physiology of the 
auminant Stomach (Bovine). B. Dakota. Agr. iixpt. 

(&^) SISSOH. 3*. and Gf?OSSMAll. J. D* Anatomy of the 
Domeatlo Animalg. W« B* Sanders Co..Tiiiladelphia, 
Fi; 

(63) SOMOSYI, M. A Hew Reagent for the Determination of 
Sugars. £. Biol. Chem.. 160: 61. 1945. 

(54) SOMOGYI, M. Determination of Blood Sugar. J. Biol. 
Chem.. 160: 69. 1945. "" 

(56) A. JB., KSfiKiSH, H. A., and MOHHOW, K. 3. 
Studies on the Chemical Composition of Calf 
Blood. £. Dairy Sci.. 29; 663. 1946. 

(56) WAIDO, D. R., and SCHULT2, L. H. Lactic Acid Pro 
duction in the Ihimen. J. Dairy Sci.. 38: 605. 
1955. "• 

(67) lARNiSR, R. G., GRIPFID, C. H., FLATT, W. P., and 
I003LI, J. K. Further Studies on the Influence 
of Diet on the Development of the Ruminant 
Stomach. £. Dairy Sci.. 38; 606. 1965. 

(68) WIBG. J. M., JA00B30H, B. L., and ALOSB. H. 3. The 
Sffeot of Various Restricted Diets on the Growth 
and on Certain Blood Components of Young Dairy 
Calves. £. Dairy Sci.. 38: 1006. 1965. 

(59) WISE, G. H., and ABDifiHSOB. G. W. Factors Affecting 
the Passage of Liquids into the Rumen of the 
Dairy Calf. 1. I.^ethod of Administering Liquids : 
Drinking from Open Pail vs. Sucking Through a 
Rubber Bipple. £. Dairy Sci.. 22; 697. 1939. 

(60) WISE. G. H., PEEiRSOB, W. E., and GULLICESOB, T. W. 
Inadequacy of a Whole Milk Ration for Dairy 
Calves as Manifested in Changes of Blood Compo 
sition and in Other Physiological Disorders. 
£• Dairy Soi«. 22; 559. 1939. 


	Observations of jersey and holstein calves with special attention to rumination and rumen development
	Recommended Citation

	Observations of jersey and holstein calves with special attention to rumination and rumen development

