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INTRODUCTION

For easy years efforts haw been made to substitute inexpensive, 

dry, ooncentrate rations for the costly liquid milk which is the natural 

diet of the young calf. Davis and Cunn'inghm (1923) fed calves limited

mounts of whole milk and dry meal and observed that, although the aniiaals 

were not as thrifty at 2 or 3 months of age as otters fed mainly with 

milk# the former nevertheless attained normal size at 5 months« They 

recomended that calves should be fed whole milk for 2 weeks ate then 

waned gradually on to a dry seal by the time they were 60 days old. 

iiaynard and Morris (1925) reported daily gains over a period of 6 months 

of I..44 to 1*71 lb in calves fed a concentrate mixture and limited amounts 

of milk. Hupei (1929) formulated several concentrate rations for calves. 

The gisimls were fed liquid whole milk until 6 woks old and then gradually 

weaned over the 7th week. Crawford and Krauss (1929) found that while 

Holstein calves deprived, of milk at & days of age had mad® satisfactory 

growth at the end of one year, they never equalled animl® fad milk for 

90 to 120 days. They suggested that It was doubtful economy to feed 13» 

calf •too little milk. Similar results were reported by Rupel and 

Sohstedt (1930). terry (1932) weaned 32 calves at 8 weeks of age, and 

then gave grain and hay rations containing varying levels of skimmed milk 

powder. At 21 weeks the average daily gain of the animals fed rations 

without skiixsed milk was 1.3 lb whereas the groups on skissmed milk rations 

averaged 1.33 and 1*49 lb daily. All the animals appeared normal.

On© of the problems in these early attempts to us® dry feeds as 
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substitutes for liquid milk in oalf feeding was to detersair® the amount 

of milk to give and th® period, ©ver which it should be given. Several 

reports indicated that the length of tiae th® calf was given milk and 

the quantity it received had a direct influence on rat® of growth 

(kagsdale and Turner, 1923; Morrison asd kupel, 1926; Crawford and 

Krauss, 1929). Fraser and Brand (19X3) showed that calves could be 

successfully raised if given a good start on whole milk for the first 

three weeks of life and then given 12 lb skived milk daily until the 

animals were 8 week® old. Mead, llegan and Bartlett (1924) noted that 

the ^*o^h. of calves weaned from milk at JO to 60 days of age was sub

normal until the calves were 6 months old. Savage and Crawford (1935) 

observad that growth was considerably retarded in calves deprived of milk 

at days of age and fed a calf mixture containing blood flour. The 

average daily gain of the animals to 6 months was loss than 1*44 lb* 

From their findings and. those of other workers th® authors ecncluded 

that 30 days was too early an age to wean and that 50 to 60 days of milk 

feeding was the minimum -if the calves rare to gee® normally.

la general the value of a feeding system ms based solely on the 

need to maintain continuous normi growth equivalent to about 1.4 lb per 

day. The poat-weaning check in growth and the unthrifty appearance 

associated with a too early changeover to dry feeding made the limited-milk 

rearing system unpopular} and even those who advocated it considered that 

weaning needed to be gradual over a prolonged period. However, th® failure 

of thia system my be attributed in the main to the inadequacy of the 



rations (Johnson, Loo si i and Maynard, 1940} Norton and Eaton, 1%6; 

williams and Knodt, 1950# K&stelic, Bentley and Phillips, 1950).

In recent years the advances that have been made in ruminant 

mtabolisa have resuscitated interest in the dry feeding of young calves, 

or as it is now oailed "early weaning". It is now kncvm that many 

nutritional advantages accrue to the animal fro® the development of rumen 

function which is brought about by the ingestion of solid food. "revised 

th® daily allowance of milk is restricted the calf rapidly increases its 

consumption of alternative feed especially if the feed is palatable 

(HcCandlish, 1923; Norton and Eaton, 1946; Whiting and Clerk, 1955; 

Preston, 1%5&, bj Tibbita, 1957).

Further, Hansson (1956), Crichton, Aitken and Boyne (1959) and 

Swanson (19^0) demonstrated that a slower rate of growth in heifers, 

provided it was not critically low, did not affect the ultimate milk

producing ability of the adult animal and that rapid, growth and fattening 

in heifers indeed depressed their lactation potential. Joubert (1954) 

showed earlier that calves given adequate diets, after having been reared 

on submaximum planes of nutrition, performed better later than animals 

reared steadily on a high plan® of nutrition, The studies of Preston 

(1961) also indicated that the period of retarded growth in the calf weaned 

on a dry concentrate ration at 3 weeks of age was short and did not affect 

the calf's performance as a beef animal, provided the diet was adequate. 

This agrees with the findings of Hansen, Brannang and Claesaon (1953) aad 

Ninohe3ter and Howe (1955), These observations suggest that economising 



in rearing, by reducing the mount of milk given, need not have a 

deleterious effect on future production.

In the contemporary practice of early waning (Preston, 1957a, b) 

the milk diet of ths calf is abruptly replaced at 3 to 4 weeks of age with 

diy, palatable, concentrate rations which ar® first introduced to the animal 

when it is 7 days old. Because the level of milk fed is restricted to 

about 6 pints daily the calf is encouraged to consume a considerable amount 

of the concentrate mixture before weaningj this practice minimises the

weaning cheek which was the main disadvantage encountered in the earlier 

studies with this technique. The favourable results obtained by Preston 

(195%* b) system were confirmed by many workers including Roy

(1958), Castle and Watson (1959), Wrn&Bdes^Quintanilla (1959), Drouliscos 

and Verbeek (i960), Clark and Whiting (1961), Runcie (1958) and Harkins 

(1961). The system is now widely used in calf rearing but little work 

seems to have been done to appraise the changes this early replacement 

of the calf’s natural milk diet imposes on the animl’s metabolism. Such 

.information appears desirable since it may assist nutritionists in the 

formulation of rations for the early weaned calf •

The present study was undertaken to investigate the effect of 

such an alteration in diet on some blood and rumen liquor characteristics 

of the growing calf. A review of the progress that has been made in the 

physiology of rumen functional development introduces the experimental 

study.



5.
A. RUMEN SSVELOPMBT IN THE CALF

The ruminant stomach is sub-divided into four compartments, 

the rumen, reticulum, omasum and abomasum, all of which are completely 

formed at birth. The relative sizes of these sacs differ with age of 

the animal but they are also markedly influenced by the type of diet 

consumed by the animal in early life.

Lagerlof (1929) (cit. Savage and McCay, 1942) reported that the 

rumen was very small in the newborn calf but grew very rapidly after birth 

and, if the calf were fed hay in early life, attained in about three months 

the proportional size that is found in th® adult animal. This worker 

noticed that the reticulum and omasum also made rapid post-natal develop

ment, but that idle abomasum, which was relatively large at birth, underwent 

relative diminution during the early months of life. He further observed 

that while a large pendulous abdomen developed in calves fed bulky or 

rather succulent foods, rumen development was retarded in calves fed for 

long periods on milk and concentrates. According to Sisson and Grossman 

(1953), the retioulo-rumen in the calf at birth is almost half the size 

of the abomasum, but rapid rumen growth follows birth and between two and 

three months after birth the reticulo-rumen capacity becomes twice that of 

the abomasum. when full stomach development is reached, in about 1^ years, 

the volume of the rumen alone is about 80% of the total stomach capacity. 

These authors note that this rate of stomach growth is only achieved if 

the animals have been fed solid food early in life.



Effect of Diet on the Rate of Rumen Development

The role of food in the rate of development of the ruminant 

stomach has been under considerable experimental investigation* Trautmann 

(1952) observed retarded rumen growth in calves fed milk alone for prolonged 

periods, although some growth was apparent in the organ. Wise, Petersen 

and Gullickson (1959) found underdeveloped rumens in calves fed entirely 

on liquid milk from birth to 270 days of age. They also found hairballs, 

shavings, loose hair particles and bits of curd in the rumen contents of 

many Of these calves. wiese, -Johnson, Mitchell and Nevens (1947), 

investigating riboflavin deficiency in the pre-ruminant calf, fed a 

synthetic liquid milk diet to three calves from 2 days to 8 weeks of age 

when the animals were slaughtered. On weighing ths stomach compartments, 

they observed little difference between the weights of the rumen and 

reticulum on the one hand, and the omasum and abomasum on the other, thus 

revealing underdevelopment of the rumen* Parrish and Fountaine (1952) 

examined the contents of the digestive tract of calves at birth and found 

materials similar to those observed earlier ty Wise et &1. (1959), which 

led them to conclude that considerable activity occurred in th® digestive 

tract of calves before birth. They noted that the contents of the rumen 

and reticulum weighed more than those of the omasum and abomasum (1*2 g. as 

compared with 0.5 g. dry weight).

Marshall, Arnold and Becker (1950) investigated stomach develop

ment in Jersey bull calves with access to hay and grain and reported that 

between 7 and 50 days of age the weights of the rumen tissue arò contents 



exceeded those of the abomasal tissue and contents and that the reticulum 

and omasum also developed rapidly. Even in early life hay, bedding, 

grass and sand could be found in the stomach compartments. Marked 

changes were noted in the jaH of the fore stomach (rumen, reticulum and 

omasum) contents which suggested to the authors the onset of fermentation. 

Jessup, Church and Bogart (i960) made similar investigations in young 

lambs on pasture from birth and found that at 2 weeks of age, the rumen 

and abomasum averaged, respectively, and 46.8* of the total dry weight 

of the four compartments, but at 2 months of age the abomasal weight had 

declined to 19*7% while the rumen weight had made a marked increase to 

63*7*. »ardrop and Coombe (i960) grazed single lambs together on pasture. 

At weekly intervals from birth to 16 weeks of age 2 were slaughtered and 

the growth of the alimentary tract studied. The authors noted that 

although during the first week of life the abomasum made the fastest growth 

the rumen grew fastest and the abomasum slowest over the Ib-week period. 

Growth of the reticulum and omasum over this period followed that of the 

rumen and the authors also noted rapid alterations in the relative 

proportions of the four compartments from birth to 2 months of age, when 

these proportions nearly equalled those of the adult animal.

Kesler, Ronning and Knodt (1951) fed Holstein calves from 

birth to 16 weeks on milk, grain and straw and slaughtered them at ages 

varying from 8 days to 16 weeks to study the tissue and contents of the 

rumen, abomasum and intestines. The results collected for weights of 

tissue and contents and the of these contents revealed that rumen 
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development conuaenced early in life. The increase was pronounced between 

4 and 6 weeks of age, at which latter age rumination started and the 

character of the contents changed. On the other hand, the abomasum did 

not show appreciable changes with age either in tissue or content wights. 

Similar examination on a group of calves fed a diet of skimmed milk and 

liquid milk replacement and slaughtered subsequently at 7 days of age 

showed that at an early age on liquid feed the tissue weights of the rumen 

and abomasum were similar. These results implied that there was little 

development of the rumen in animals on a liquid diet.

In a series of studies Marshall, Arnold, Seeker and Wing (1952, 

1955, 1954, 1955) fed Jersey calves on alfalfa hay and concentrates 

supplemented with milk and measured the development of their stomach parts 

from birth to 500 days of age. They found that the reticulo-rumen and the 

omasum were non-functional at birth but developed rapidly in early life, 

whereas the abomasum, well developed at birth, increased tn size only 

slowly with age. The greatest development with age was made by the rumen 

the dry matter content of which was also heavier than the dry matter content 

of the aboisasum. The abomasa! dry matter content was observed to be 

heaviest only in calves fed entirely on liquid milk. These workers also 

observed that fermentative changes commenced early in the reticulo-rumen of 

animals fed solid diets. Using slaughter techniques, Godfrey (1961a) 

also followed the development of stomach compartments in 54 dairy calves 

which were grazed together on pasture and slaughtered individually at 

regular intervals from birth to 17 weeks of age* He found that in the 
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first few weeks of life all stomach sections altered rapidly in proportion 

to the calf’s liveweight. The rumen and reticulum made the fastest 

growth rate and the abomasum the slowest. The greatest rate of reticulo- 

rvmen development was observed between 2 and 6 weeks of age. /diile 

growth of these organs continued up to 17 weeks of age, development of the 

abomasum was found to be complete by 5 weeks of age.

Warner, Semholdt, Grippin and Loosli (1953) fed milk, concentrates 

and a chopped hay-coneentrate mixture to different groups of calves and 

reported that the liquid content of the reticulo-rumen was greatest in the 

groups fed the chopped hay and concentrate mixture, whereas the abomasum had 

the greatest liquid content in the animals fed milk alone. Further, it 

was observed that while the rumen-reticulum sac had a greater dry matter 

content than the abomasum when only concentrates were given, the reverse 

was the case when milk was the sole diet. Smith (1959) used a dilution 

method to estimate the volume of rumen liquor, at various ages, in calves 

on milk feed. Less than 5^ of the milk consumed by the calves was 

observed to enter the rumen irrespective of the age of the animal. Yet 

the author noted a considerable and progressive increase in the rumen 

volume of up to about four-fold in the calves between 4 and 8 weeks of 

age and between 28 and 32 weeks of age. This increase he later attributed 

to the consumption of wood shavings which were used for bedding the calves. 

Leo, Stallcup and Calvin (1959) gave different diets to groups of newborn 

Holstein calves to 13 weeks of age and found that the volume of the 

reticulo-rumen was largest in the group fed a diet of grain, hay and milk 
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and least in the animals fed mainly on milk. The abomasum was observed to 

be the largest compartment in calves fed milk and fatty acids. Niedermeier, 

Allen, Lance, Supnow and Bray (1959), studying the effects of different 

diets in veal calves to 6 weeks of age, reported that the capacity of the 

rumen and reticulum was small in calves that had been fed whole milk 

alone but large in calves that had consumed a hay-grain supplement. The 

authors concluded that hay and grain stimulated the development of capacity 

in the reticulo-rumen,

Tamate (1956, 1957) investigated stomach development at various 

ages from birth in kids on pasture. He found that while some rumen growth 

occurred during suckling, marked development of this compartment was not 

apparent until after weaning. Within 40 and 60 days after weaning the 

stomach was found to be closely similar to that in the adult goat.

Prolonged suckling, he observed, retarded rumen growth while early weaning 

at between 16 to 25 days of birth caused considerable distension of the 

rumen.

Wardrop (i960) studied development of the forestomachs in 

relation to the diet in lambs. The animals had been taken from their 

dams during the first 7 days of life and thereafter fed in groups for 

varying lengths of time on diets ranging from milk to various types of 

roughages (wood shavings, chaff grass, lucerne hays). The lambs were 

slaughtered at different ages. Retarded growth of the fore stomachs and 

large abomasal development was observed in lambs fed entirely on milk from 

birth while in lambs fed first on milk and subsequently on roughages the 



rumen and reticulum were found to have made fast growth and rapidly 

attained normal adult proportions. These results provided evidence that 

consumption of plant materials promoted rapid development of the fore- 

stomachs in lambs* Wardrop also studied the changes in the development 

of the various compartments due to the plane of feeding and concluded that 

it was more the type of feeding than the plan® of nutrition that affected 

the relative wei^xts of the stomach parts.

All these investigations demonstrated that accelerated capacity 

development in the reticulo-rumen of the young ruminant is stimulated by 

the ingestion of solid food.

Effect of Diet on the Structural Development of the Ilmen 

Earlier in the century it was widely believed that coarse bulky 

feeds were essential for proper rumen development (McCandlish, 1923&, b) 

(Magee* 1932; Herman, 1936). Trautmann (1933) suggested that solid food 

not only increased the capacity of the rumen and reticulum but also promoted 

papillary development in these sacs. A number of studies have been 

reported in recent years on the influence of the type of diet on the 

structural growth of these compartments.

Influence of the type of diet. Blaster, Hutcheson, Robertson and »ilson 

(1952a) obtained quantitative information on the role of roughage in 

forestojnach development in young calves by slaughter methods. One group 

of Ayrshire calves was fed on milk alone and the other on silk and hay. 

The animals were later slaughtered and dissected. In comparison with 
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observations made on a newly bora calf these workers found increased 

capacity in the forestomchs of the group fed roughage. This increased 

capacity was due to ’’stretching” of the forestomach walls without any 

increase in tissue weight. At three months of age it was observed that 

while the omasa! velum of the calves consuming roughage had increased 

5h~fold, the volume of thia oomp&rtmnt in animals that had been fed silk 

alone had increased only 5 times. 3rownlee (1^6) reported greater rumen 

papillary development in cattle on a diet of kale and concentrates followed 

by mangolds, than, in similar animals fed hay and concentrates. He also 

observed that in calves fed milk the weight of the rumen as a whole had 

increaaed to about 6 times the weight at birth without corresponding 

papillary development. further, he noted that calves fed milk only and 

bedded on peatmoss showed delayed growth of rumen papillae compared with 

aniaalffi whose milk diet was supplemented with grass, hey or concentrates.

These findings demonstrate thats

i) rumen muscle does not develop along with 
papillary growth;

ii) rumen papillary development is dependent 
on the nature of the food, concentrate 
diets having greater effect than hay feeds; 
and

iii) roughage as such is not a factor in rumen 
papillary growth.

A number of other investigators have reported similar findings. 

Warnmr, Platt and Loosli (195$) made comparative studies on the rate of 

rumen development in calves fed dry feed and milk for periods of up to 

16 weeks. Using data from calves slaughtered at birth for comparison 
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they found that little rumen development occurred in calves that had been 

fed entirely on milk to 16 weeks of age whereas not only an extensive 

papillary growth, but also an increase in volume and tissue, was encountered 

in the forestomachs of animals that had been fed grain. Ihese workers, 

like Brownlee (1956), suggested that rumen papillary development in the 

calf was mainly promoted, not by the physical texture of the feed, but 

by chemical factors originating iron the fermentation by micro-organisms 

of food in the rumen. Smith (1361), who earlier observed marked rumen 

distension in milk-fed calves bedded on wood shavings, fed two ^oups of 

calves on milk with and without access to wood shavings (a coarse inert 

material). He observed little difference in rumen development, either 

in respect of total tissue weight or papillary growth, between the two 

groups of animals. An increased liquor volume was found in the rumen 

of calves that had ingested shavings, an increase which the author 

attributed to the increased secretion of saliva which such matezdal 

stimulated.

Harrison, Warner, Sander and Loosii (i960) conducted extensive 

investigations into the effect of (a) a continuous consumption by dairy 

calves of diets high in concentrates, high in roughage and diets of 

inert material and (b) the reversal of the high-concentrate and high- 

roughage diets to milk in calves at 16 weeks of age. On examination of 

the stomach parts of the animals at slaughter the authors noted the 

following:



i) There was an absence of papillae in the rumen and 

reticulum of calves reversed to silk and slaughtered 16 iweks later and 

also in calves fed continuously on silk. The volume of the reticulo- 

rwEren was smallest in the milk-fed animals, but 11 times greater in. the 

high-concentrate and high-hay groups and about 30 times greater in the 

calves fed shavings. The reticulum, rum and omsum showed more tissue 

growth in calves fed the concentrate and th® hay rations continuously to 

57 weeks of age than in calves whose concentrate and hay diets were 

reversed to milk at 16 weeks of age.

ii) In animals f ed limited "filled milk" the shavings (inert 

material) papillae were also absent in the rumen and reticulum and th® 

amount of mucosal surface per unit area was low (obviously owing to the 

absence of papillae). But there was extensive muscular development in 

the reticulo-rumen of these .animals, thus shewing that muscular growth 

was independent of mucosal growth. Active iwn fermentation was not 

observed in this group.

iii) Calves fed whole milk had a small rumen, reticulum and 

omsusn and a large abomasum, whereas the reverse was found in animals 

fed mainly on hay. On high-hay diets also the animals were light in 

weight, pot-bellied and unthrifty, while calves fed limited filled milk 

and shavings grew slowly but otherwise normally,

finally, the authors reported a positive relationship between 

the growth of calves and th® length of rumen papillae in animals fed 

high-concentrate and high-hay rations. Sinclair and Kunkel (1959) had 



15.

earlier reported e relationship betmen body growth and length of rumen 

papillae in limbs.

Wardrop (1%!^., b) surveyed the histological development of the 

fbrestomch of lambs from foetal to .post-natal life. He observed that 

the rumen mucosa of lambs on pasture was smooth in pre-natal life, but 

that there was rapid papillary growth after birth. This rapid growth 

continued up to about 2. months of age, after which there was little change. 

The rumn papillae of leaks fed milk only from birth to 13 we des of age 

were smaller than those in lambs of comparative age fed lucerne <^W 

from birth- Little difference was found in the structures of th© 

retieuluB between lambs fed milk a nd those fed chaff and between lambs 

fed chaff for 13 weeks and those fed chaff for only 4 weeks to slaughter.

This worker postulated that generally the histological development 

of the rumen wall depended largely on age but that the type of diet could 

affect th® detailed structures. further, that while plant food was 

necessary for full growth of rumen structures, different plant foods could 

change the appearance of the rumen mucosal surface. This is in agreement 

with the observations of workers using calves.

ja£&&m..S£ 4^etary factors upon the structugalji^ela^ 

Flatt, arner aid Looali (1950), working on the basis of earlier 

observations that rumen fermentation products were the main stimuli to 

rumen papillary growth, introduced vaxious materials (cellulose, plastic 

sponges, purified diet, solutions of sodium acetate, sodium propionate, 

sodium butyrate and lactic acid) through cannulas into the rumens of 
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ysung salves on Mik feed. They found that whereas plastic sponges 

alom did not stimulate papillary development in the rumen, a purified 

diet, fatty acid salts am lactic acid, introduced Mom or with plastic 

sponges, promoted marked papillary growth. Sander, Earner, Harrison 

and Loo si i (1959) introduced solutions of sodium salts of acetic, butyric 

and propionic acids, sodium chloride and glucose into the rumens of young 

calves and reported that aecium butyrate and sodium propionate stimulated 

greater papillary growth than any of th® Other materials.

From these studies it can be surmised that the amount of 

papillary develo’wmt that a particular diet promotes in the rumen is 

dependent upon the degree of fermentation of that diet by rumen Moro- 

organisms. Plastic sponges or other inert materials do not undergo 

decomposition to provide those volatile fatty acids that stimulate papillary 

development. dore volatile fatty acids are produced in th® rumen by 

concentrates than by hay (Balch am Rowland, 1957) hence concentrates tew 

been found to stimulate more papillary growth than hay. Mik by-passes 

th© rumen du© to the reflex closure of the oesophageal groove (Philllpson, 

1953), and, depending on the method of feeding, little of it, if any, 

enters the rumen (wise, Anderson and Miller, 1%2). There are, 

consequently, only small amounts of volatile fatty acids in the rumen 

of Mlk-fed animals (Lengeaann aM Allen, 1959) to encourage papillary 
growth.

Roy (1959) suggested that the surface for absorption was 

increased by the development of papillae and that this developaent 

appeared to be related to the amount of potentially absorbable nutrient
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materials, especially volatile fatty acids, in the rumen.

Effect of the Diet on Functioiial Pevelc;wnt 
of the Buses

Solid food, ingested by the rminant enters the reticulo-rusen 

sae where it is retained until converted into a form which can pass further 

down the digestive tract. The reticulo-rumn of the adult animal is 

inhabited by a large and mixed population of bacteria and protozoa which 

is established when the young animal starts to consume solid food.

These micro-organisms degrade and ferment food to produce valuable nutrient 

materials, such as volatile fatty acids (tlsden and hhillipson, 1948), 

which are absorbed from the rumen and utilised by the host animal. Some 

of the organisms also synthesise 3 complex vitamins (.¡egner at al.. 1940), 

while some others synthesise from non-protein nitrogenous materials 

useful protein substances (Reid, 1953) which are later made available to 

the host animl lower down the gastro-intestinal tract.

The activities of the mixed population of micro-organisms give 

the rumen its peculiar functions. The rate and extent of development of 

adult functions in the rumen is in consequence dependent upon the establish

ment and growth of this mixed microbial population, the types and numbers 

of which, as shown later, depend on the rumen substrate derived from the 

ingested food. The substrate is affected by several factors but mainly 

by the type of diet consumed by the host animal (Hobson, 1961) and, sinae 

the diet of the young ruminant differs fro® that of the adult, the rumen 

substrate of the former will also be different from that of the latter.
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Young calves have in consequence a microbial population that is different 

fres that in the adult cattle (Huhtanen, Saunders and Gall, 1951) and a 

change from infant to adult diets is. reflected in the rumen by relative 

changes in the micro flora and microfauna and also in the products of 

their activities. The appearance in the rumen of a particular population 

of micro-organisms and their products of fermentation and synthesis ar® 

accepted to be reasonably satisfactory indices of the s tate of development 

of functions in the rumen (Bryant, Small, Sousa and Robinson, 1958).

GW (19471) found that 

40-45% of cellulose »as digested la the forestomachs of sheep and that 

70m of thia was broken down in the rumen. alone, Balch (1957)» using 

the lignin ratio teolini^ue with cow a, found that an average of 45% of 

the dietary dry matter was apparently digested in the rcticulc-riMn. 

The digested portion was higher with concentrates than with diets consisting 
< 

mainly or entirely of roughage.

Darners, Dijkstra and Irens (1950) reported that calves weaned 

from milk at 60 days of age and fed a dry meal of ooncentrates and hay, 

digested !>£, 1Q^ and 4% less fibre, protein and nitrogen-free extract, 

respectively, than did mature sheep. corkers in New Zealand (Anon, 1954- 

55) observed that the digestibility of grass in a 21-day-old lamb on 

pasture was similar to that in th® adult animal. Conrad, Hibbs, Pounden 

and Sutton (19§0) fed fresh-cut lawn clippings to 9-week-old calve a sal 

obtained dry matter and cellulose digestibilities of 72 and -32 respectively. 

Armstrong, Preston and Armstrong (1954) also determined dry matter an!
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cellulose digestibilities of fresh-cut grass in 10- and 12-waek-old 

Ayrshire ©elves that had earlier been fed from birth on pasture and 

limited amounts of milk. They obtained average digestibilities of 75 

and 8^, respectively, fox* dry matter and cellulose, which agreed with 

the data reported by Conrad et (1950). McArthur (1957) reported, 

that calves 8-10 weeks old digested 74.6;% of th® cry matter of grass 

while with cows the digestibility was 75«2;-4 Preston, Archibald and 

Tinkler (1957) fed fresh grass to young calves and observed that 

5-week-olu animals were as efficient as mature cows in digesting the 

dry matter of grass.

Werdrop (1958) fed lambs with milk and with milk and roughage 

in different proportions and reported that the initial differences in 

dry matter and protein digestibilities disappeared not long afterwards. 

This suggested to the author that rumen function developed rapidly in 

Lambs. McCullough and Sisk (1958) determined, th® effect of age on 

dry mtter digs stability of alfalfa meal pellets in 4 Guernsey calves 

fed milk and alfalfa meal pellets ad libitum from birth to 12 weeks of 

age and found that there was little or no change in th® digestibility of 

dry matter from 6 to 12 weeks of age. itaymond, Harris and Kemp (1954), 

however, reported an increase of digestibility of 1 unit per year from 

lambs to 2-year-old sheep in experiments with frozen herbage, hay and 

dried grass«

These results demonstrate that, provided solid food is fed 

early in life, ruminants can be at a very early age as efficient as 
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adult animals in utilising the dry matter of their feed. Cuthbertson 

(IS®) considera teat from tea nutritional point of v tew lambs should be 

treated as adult sheep frm J weeks of age and calves as mature cattle 

from 6 weeks of age, provided adequate mite is fed to them.

Sstablishsent of microbial, population and, type. in tjw, znwn. Pound.© n and

Hibbs (1%7) reported that the initial microbial population in the rumen 

was ©«posed of bacteria similar to the bacteria in the abomasum and 

consisted predominantly of lactobacilli. They also noted tent th® rate 

and extent of change from this type of microflor« to the adult rumen type 

depended mainly on the animal’s diet. iluhtanen et al. (1951), investigating 

tee types of micro-organisms in the rumen of calves and Mult cattle fed 

practical rations, found that fast-growing lactic acid-forming organismte 

were tee mat common types of bacteria in young calves. They also 

observed teat tee micro-organisms of the calf’s rumen differed from those 

in the rumen of adult cattle and teat 9 micro-organisms csharacteristic of 

the calf’s rumen never occurred in the rums» of adult animals on balanced 

practical rations. further, it was found that 11 micro-organisms which 

characterise adult rumen flora started to appear in the calf’s rumen as 

early as 2 months of age, depending on the ration, and became ®or® 

prominent as the calf matured. lengemann and Ulen (1955)# in studies 

of th® rumen contents of calves at various ages fed. normal diets, noted 

that the rumen in the newborn calf did not have ary bacteria characteristic 

of the adult rumen and that protosoa were also absent. In the month-old 

calf given milk tee situation had not changed and th® total microscopio
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count of bacteria in the rwwn was still smll. When concentrates with 

roughage were consumed by the animals, however, protosoa appeared, in the 

rumen and increased very markedly up to an age of 2 to 3 months. At the 

same time At was observed teat aerobic 'bacteria, and ths total number of 

bacteria had decreased, The authors coamnted that, wider their system 

of feeding, few differences existed between the adult animal and the calf at 

about 6 months of age. Bryant et al. (1958) studied the composition of 

ruminal flora and fauna in three young calves from 1 to 13 weeks of age 

under Boreal conditions of feeding. They found that high numbers of 

lactic acid-fermenting bacteria were present in the rumen of calves at 

from one to three weeks of age, but teat their numbers declined to adult 

levels between the 9th and 13th week of life. further, the numbers of 

aerobic bacteria and coliform® were highest in tee rumen when calves were 

one to 3 weeks old and the numbers were still higher in calves 13 weeks 

old than in adult cattle. The predominant bacteria found in calves om 

to 3 weeks old were different from, the bacteria in adult cattle and oiliate 

protosoa were absent in all animals throughout the 13 weeks of study»

Van dor -ate (1941) (eit. Slsden, 1945) reported that th® number 

of bacteria in the rumen was conditioned by tee composition of' ths diet 

of th© animal and teat tee number increased when protein or urea was added 

to the diet. llsden (1945) confinaed these findings in studies on the 

fermentation of carbohydrate in the sheep’s rumen and also observed that

a diet deficient in starch or soluble sugars favoured tee development 
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of a microflora that did. not use these materials. He also obtained evidence 

which showed that functional bacteria in the rumen flora included members of 

the genus propionibaoteria which fermented lactic acid to volatile fatty acids, 

particularly propionic acid. Quin (1943) found that the composition of 

rumen microflora was not constant and that it was conditioned by the 

composition of the feed. Pounden and Hibbs (1948g., b) fed young Jersey 

and Holstein calves on milk and milk in addition to various dry rations and 

reported that diets with a hay to concentrate ratio of 3^2 led sore quickly 

to the appearance in the young rumen of adult-type micro-organisms than did 

rations higher in the proportion of concentrates. They observed that 

if the diet was mainly grain, certain adult rumen micro-organisms failed to 

be established in the young calves even after inoculations with cud .from 

adults. Gall, '^xhtanen, Saunders and Schmidt (1953) also found that 

different types of feeds produced correspondingly different types of 

micro-organisms in the rumen. lien diets high in roughage were given, 

the .rumen flora contained delicate obligate anaerobic bacteria Aich 

attacked fibre to produce volatile fatty acids. Rations high in grain, 

on the other hand, were observed to produce a rumen flora consisting 

predominantly of lactic acid-producing bacteria, which induced acid conditions 

in the rumen liquor» Under the conditions of high-roughage feeding, the 

rumen was found to be typically neutral or only slightly acid. Hungata, 

Dougherty, Bryant and Cello (1952) had shown earlier that feeding large 

amounts of grain and glucose produced acid conditions in the rumen and 

altered the rumen microbial population.

More recent investigations have confirmed these earlier 
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observations. tengemnn and. Mien (1959) examined the effect of diet on 

the characteristics of the- rumen flora and fauna in 24 young calves on 

experimental diets from about 4 days of age. The animals were fed on 

systems of liberal and limited silk-.feeding» the latter supplemented with 

concentrate rations with and without additional aureoayein. In the 

calves fed solid food the authors found a sharp fall in aerobic bacteria 

and an increase in total bacterial numbers and establishment of protosoa 

within the first 3 weeks of age. The protosoal and bacterial numbers 

approached adult levels a little later than 6 weeks of age. The develop

ment of adult-type bacteria in the calves was hindered by silk feeding and 

by the addition of aureoaycin to the dry ration. Sadie, Hobson and Mann 

(1959) » surveying the rate and extent to which the initial rumen microbial 

population was influenced by the various dry rations fed to calves waned 

from milk at 3 weeks of age (early weaned), reported that diets high in 

the proportion of starchy concentrates mintained in the rumen of these 

animals a high population of lactobacilli and gram-negative cocci which 

hindered the d evslopment of protosoa even when inoculations of these were 

given to the calves. High-roughage diets, on the otter hand, produced 

conditions in the nocn which reduced the population of lactobacilli and 

promoted a flourishing bacterial population. Under such conditions of 

feeding, the rumen was less acid with a higher oH whereas when high-starchy 

concentrate diets were fed the levels of lactic acid in the rumen were very 

high, producing rather low ¿II values. Eadie (I960) showed that unless

such conditions of rather acid ¿H were altered, protosoa failed to be 



propagated in the rumen of calves even following inoculations with mssive 

doses of viable protosoa.

The Min feature of these studies is that for an early establishment 

of a mxed microbial population in the rumen, which is necessary to 

accelerate adult-type rumen functions, the young calf must be fed at an early 

age with dry rations containing the correct proportion of eoneantmte and 

roughage. Such diets produce, in tie rumen, conditions which limit further 

development of the initial 'bacterial flora and encourage a mixed population 

of protozoa and adult-type rumen bacteria to flourish. This progress is 

retarded in calves fed milk or rations rather high in the proportions of 

grain»

»9** studies carried 

out on the functional development of the ru®a in the calf, as measured by 

the levels of volatile fatty acids in that organ, have investigated 

simultaneously the changes in the concentration of blood sugar sine® a 

peculiar relationship between these two Characteristics and rumen 

factional development was claimed by McCandless ano Dye (1950). for 

convenience, therefore, both characteristics are briefly reviewed together.

Hibbs, Conrad and Pounden (19*52) followed changes in volatile 

fatty acid levels in rumen liquor and bleed sugar concentrations for 12 

weeks in calves fed high-roughage dicta which wer® intended to develop an 

early functioning of the rumen. These workers found that ruminal volatile 

fatty acids (Wl) concentrations increased with age reaching maximum 

levels between the 8th and 12th week, that is within the period following 
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the complete withdrawal from the calf’s Met of th® milk that was fed 

earlier along with the high-roughage rations. Blood sugar concentrations, 

on the other hand, decreased to their lowest levels within the first 8 

weeks of life. McCarthy and Kesler (1955) made similar studies on calves 

fed whole milk for the first 42 days of life and milk starter and alfalfa 

hay until the animals were 105 days old. The levels of WA in th© riaen 

showed a great increase from 156 mg per 100 ml at 7 days of age to 794 sg ■ 

per 100 ml rumen liquor at 6j days of age, levelling off thereafter to 

around 600 mg per 100 ml liquor. Increases were also reported in We 

levels of blood fatty acids of from 2.28 to 6.24 mg per 100 ml at 7 days 

and 105 days, respectively. Blood sugar concentrations followed the 

reverse pattern, the levels falling from 11 J.4 at 7 days of age to 43.9 

mg per 100 ml blood at 42 days, and then varying between 40 and 60 mg 

.per 100 ml during the period when concentrates and hay fed. These 

workers in another study (McCarthy and Kesler, 1956) related such 

characteristics to age in calves fed milk and concentrate diets and 

reported that blood and rumen VFA levels were higher for the first 6 weeks 

of the experiment in calves given synthetic milk replacement than in those 

given milk, but that in both groups there were increases as the calves 

grew older. At 6 weeks of age rumen WA were about 3 times the concentra

tions at on® week of age. Blood sugar levels were observed as before 

to decline with increasing age in the animals, falling at 6 weeks of age 

to about 5Q^ of the levels at one week of age. Higher levels were also 

found in milk-fed calves than in animals fed concentrates and a sharp fall 

in levels was recorded after milk feeding was discontinued. Lengemann 
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and Allen (1955) also found that in calves fed entirely on milk the 

levels of WA in the rumen were low and only increased slowly. In calves 

fed milk with limited amounts of hay and concentrates the total fatty acids 

in th® rumen were observed, to reach maximum levels at about 5 months of age 

followed by a decline. Adult levels stabilised at about the levels in 

the one-month-old animals, that is, much lower than the peak levels at 

5 months« In calves that were fed limited amounts of milk and liberal 

quantities of dry feed early in life, adult levels of rumn total WA were 

reached as early as 6 weeks of age. A striking observation reported in 

this work was that, although the levels of total WA in the rumen of the 

adult animal were similar to the levels in the one-month-old calf, th® 

proportions of individual acids differed in the two age groups. There 

was a higher percentage of propionic add and a lower proportion of acetic 

acid in the oalf’s rumen than in the mature cat tie. The rumen of the

month-old calf also contained large amounts of succinic and lactic acids.

Crain and Hansen (1952) investigated the appearance of short- 

Ghain fatty acids in the blood of goats. Kids were fed on milk for 21 

days after birth and thereafter on grain and hay. Little fermentation 

was noted in the rumen of the kids during the 21 days of milk feeding 

but tliis situation altered within the first week of a change to a hay* 

concentrate diet. Short-chain fatty acid concentration in the blood 

increased with rumn development; the levels ranged from 2.7 to 5.8 mg 

per 100 ml blood in the young to 4.2 to 6.1 mg per 100 ml in adult goats. 

The authors assumed that this picture reflected the corresponding situation
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of short-chain fatty acid production in the rumen of kids and goats. 

While levels of blood fatty acids in kids increased, the concentration of 

blood sugar decreased concurrently.

d&rdrop (1958) studied th© volatile fatty acid levels and 

values in th® rumen liquor of latibs fed from 2 to 64 days of age on ewe’s 

milk, r&placer and then chaff ad libitum. 'He reported that total WA 

levels .in the rumen liquor during the later stages of milk feeding and 

throughout the period of chaff feeding showed ocnaiderable increases* 

In the milk-fed lambs total volatile fatty acid levels in the rumen were 

constantly low, at around 5.2 m.mol. per litre, but levels increased 

sharply when lucerne chaff was fed. Rumen ah values remained constant 

at about 7 throughout the experiment.

The evidence provided by these studies indicates the important 

role that the type of diet plays in initiating volatile fatty acid 

production in the calf’s rumen. As with th® establishment of the rumen 

microbial population solid food must be included in ths diet of the young 

animal at an early age if adult levels and proportions of rumen volatile 

fatty acids ar® to be attained early in life.

B. OMWATION PRODUCTS IN THE 

The following observations relate mainly to the acids produced.

Ehillipson (1942) and Phillipson and McAnally (1942) established 

that large quantities of volatile fatty acids were present in th® rumen of 
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the sheep as a result of th® fermentation of food in the compartment. 

The concentration of these end-products of microbial decomposition 

increased after the animal had consumed food. It was also demonstrated 

that feeds differed in their rates of fermentation and that the concentra

tions of ruminal WA was higher 'with a diet of concentrates then with one 

of roofage. BlscUm (1945) showed by chromatographic separation that 

the mixture of volatile fatty acids in the rumen consisted mainly of 

acetic, propionic and butyric acids. Acetic acid formed the largest 

proportion of total acids, 55-75^, and butyric acid with minute amounts 

of higher acids, the least. The proportion of propionic acid did not 

usually exceed 2Q;5.

ELsden, Hitchcock, Marshall and ahillipson (1946) studied the production 

of WA in the uigesta of ruminants and non-ruadnants and reported that 

the quantities produced in relation to bodyweight were greater in ruminants. 

The relative proportions of the individual acids were, however, similar in 

all the animals except the rat, and consisted of about &7M acetic, 19 

propionic and 14^ butyric acid. Similar preportions were obtained by 

Schambye and Phillipson (1949) in sheep fed chopped hay, linseed and 

blood meals, Gray, Pilgrim and teller (1951) fermented lucerne and 

wheaten hays in vitro with sheep rumen micro-organisms and observed that 

more total volatile fatty acid was produced from lucerne hay than from 

wheat®n hay and that the relative proportions of individual acids also 

differed with these materials; whereas the proportions of acids from 
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wheaten hay were 41% aa io, 43% propionic and 1^ butyric aoid, the acids 

fro® lucerne hay consisted of 53% acetic, 29% propionic and 18% butyric 

acid. Gray and Pilgrim (1951) fed similar hays to fistula tod sheep and 

confixed that the concentration of OA was higher in sheep fed lucerne 

hay than in the aniaaXs fed whoa ten hay. The percentage of individual 

acids, however, varied in the same direction, that is, acetic acid 

propionic acid butyric acid, but a decrease in th® ace tic: propionic 

acid ratio was observed as the concentration of total volatile fatty 

acids in the rumen increases..

Tysnik and Allen (1951), in studies with dairy cows, found that 

the relative proportions of ruminal WA were 65, 20 and 15 of acetic, 

propionic and butyric acid, respectively, in animals fed normal roughage 

diets. In cows fed low-roughage, high-coneentrate rations, however, 

the percentage of propionic acid increased while the percentage of acetic 

acid decreased; the relative proportion of butyric acid remained constant 

; hillipson (1952) also found that men lambs wr® fed diets high in 

flaked maize, propionic acid constituted a higher am acetic acid, a 

correspondingly lower percentage of total rumen fatty acids than usual. 

Proportions of 37% acetic, 4^ propionic, 121 butyric and 3% higher acids 

were observed during active fermentation* Card and Schults (1953) fed 

dairy cows on grain alone, mixed hay, pasture or silage, alone or mixed 

with grain, and reported that the relative percentages of ruminal acetic, 

propionic and butyric acids were 47.5, ¿5.2 and 29*5, respectively, in 

cows fed grain alone, and 60.0, 21.0 and 19.0, respectively, in animals 
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fed entirely on mixed hay. Elliot and Loosli (1959) also confirmed, 

in studies with lactating cows, that th® distribution of WA in the ruaen 

altered as the proportion of concentrates in the ration increased.

These results clearly demonstrate that the level of carbohydrates 

in th© diet sarkedly influences the quantities relative .proportions 

of volatile acids in the rumen« On diets consisting mainly or entirely 

of roughage acetic acid represents over 60S and propionic acid about 20^ 

of the total acids. The acetic acid:propionic acid ratio is, however, 

considerably reduced with a marked increase in the percentage of propionic 

acid and a corresponding decrease in that of acetic acid, when concentrates 

or rations containing readily fermentable carbohydrates, such as mangolds, 
are fed.

^gggt .ftf the leva of..dietary protein. th* effect of protein upon the 

composition of ruminal acids was studied in sheep by El-Stesly (1952), 

who observed that the addition of casein to the concentrate ration increased 

the total WA level and the proportions of branch-chain fatty acids and 

isomers of butyrate and valerate. A relative fall œà little absolute 

increase in these acids was observed with grass diets other than silage. 

Annison (1954) obtained similar results with sheep fed on casein ani grass, 

»bodhous©, ^vis and Beck (1955) fed lactating cows concentrate rations 

varying in the level of protein and found that high-protein diets 

significantly increased total WA production and also the total amounts 

of propionic, butyric and valeric acids in the rumen. In siailar studies.

Davis, woodhouse, Keeney and Beck (1'957) reported that an increase in the 
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levels of protein, while increasing the percentage of butyric acid, 

decreased the percentages of acetic and higher acids. Balch and Rowland 

(1957) ante a detailed study of the effect of a variety of diets upon the 

ruminal fatty acids in cows and confirmed that the proportions of higher 

acids were gene rally increased oomensurat® with an increase in the level 

of dietary protein. They also noted that when fatty acid ¡arcduetion ms 

rapid there was relatively we propionic and. leas acetic acid in th® 

ruminal acids.

lewis (1M&) investigated th© inWrel at ionship of individual 

proteins and carbohydrates during feraentation in ths rumen of fistula ted 

aheep and Observed that the presence < casein in the diet stimulated 

the formation of volatile fatty acids from starch. «ten rapidly 

fermnted proteins were introduced into the rumen there was a rapid fall 

in the proportion of acetic acid and a rise in the proportion of propionic 

and higher acids.

A notable observation in the study of

Balch and Bowland (1957) ms that, compared with long hay, the addition of 

finely ground hay to a concentrate diet produced more propionic acid and 

less acetic acid. This was confirmed by Balch (1958) when he estimated 

the weights of ruminal W produced from different rations in fistula ted 

cows.

Further evidence on the effect of feed processing upon the 

distribution of ruminal fatty acids ms provided by American workers. 

Shaw, Robinson, Cenger, Leffel, Poetsch, Lewis and Brown (1957) and
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Lakshmnan (1957) fed. dairy sows various concentrate rations with or 

without bread, cookea polished rise and potato meal. The proportions 

of rumen. aoids were found to be 65 . acetic, 1^ {xropionio, 14» 9^ butyric 

and 4*1M hi^isr acids in animals fed concentrate rations without these 

materials and 48»^ wetic, 2^.5^ propionic, 14*4- butyric and 7*4 ■ 

higher acids is cows fed the bread diet«» ■ Ensor, Shew and >lleche* 

(1959) fed cows long or ground and pelleted alfalfa hoys with or without 

ground, unheated anise, heated mlae and glucose. The concentration 

of total ruminal acids was higher in cows fed rations of ground, pelleted 

hay and steam-heated mine and there was relatively more propionic and 

lose acetie acid than in cows fed ground pelleted hay alone or in 

combination with unheated maize. The effect of heated mise was also 

greatly reduces when it ws fed with long hay. Shaw, Ensor, Tellechea 

and Lee (i960), in studies with steers, confirmed that grinding of hay 

increased the molar percentage of propionate and decreased th® percentage 

of acetate produced from hey and that steam heating of mixe greatly 

increased the proportion of propionic acid and decreased the percentage 

of acetic add in the rumen of maize-fed animls. "usebio, Shaw,

heffel, Laks has. nan and Poetsch (1959), working with Holstein heifers, 

also found, that although diets of ground maize or ground maize with 

minerals mrkMly increased rumen propionate production and similarly 

decreased the production of acetate, flaking of the mize accelerated, 

these changes and also decreased the molar percentage of butyrate and 

markedly increased the molar percentages of valeric and higher acids.
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Such processing obviously .taarkedly increases th® rates of 

fermentation of the material® aM, as has been noted earlier, with rapid 

fermentation there is relatively more propionic acid, and less aoetio acid 

in the ruminal fluid. The above investigations, it ©ref ore, establish 

that the quantities and distribution of ruminal volatile fatty acids ar© 

directly influenced, not only by the «apposition, but also by the 

treatment of the feed ingredients in th© animal’s diet.

the Ruwb

Svidsnee that the volatile fat^ acids (WA) produced in th® 

rumen could be absorbed was first reported by ?hiUipson and McAnally 

(1942) in studies with sheep. The concentrations of WA were observed, 

to be high in the rumen and very low in the abomasum. This was later 

confirmed in calves of different ages by Conred, Smith, Vandereall, 

Founden and Hibbs (1958). Phillipa©» and McAnally (1%2) also observed 

no significant increase in the level of acids reaching the abomasum 

following the addition into ths rumen of sodium acetate or sodium butyrate 

Further, they found that WA were stable for ever 8 hours when incubated 

.1» vitro with rumen organisms, a finding from which the authors concluded 

that the disappearance of these acids from the rumen could not be due 

to their destruction by ruaen micro-orgsnisms.

Barcroft, McAnally and. Phillips©» (1%4) first demonstrated 

the absorption of ruminal acids when they found that the concentration of 

VFA was considerably higher in the blood draining the rumen than in the 



peripheral blood. They also observed that the rate of absorption of 

individual acids decreased '»1th increase in the aoleoular else. The 

absorption of ruminal acids into the blood stream was subsequently 

demonstrated by several investigators, ®9®y of whoa also reported on 

the rates of absorption of the individual acids.

Danielli, Hitchcock, Marshall and Phlllipson (194b) introduced 

sodium salts of acetic, butyric and propionic adds into th® empty rumen 

of anaesthetised sheep and studied the rates of absorption. The authors 

concluded from their results that the rates of absorption of free fatty 

acids from the rumen increased with the length of the xydrocarbon, that is, 

butyric } propionic > acetic acid, Absorption was also found to be 

influenced by the ¿H of rumen contents. Gray (1%7&) studied the affect 

of on the rates of absorption of individual acids from the rumen of 

sheep and reported that at ¿1 6.5 propionic acid was more rapidly 

absorbed than acetic acid. No absorption was observed from alkali®# 

rumen contents but ELaden and hill ipson (1%S) stated that at alkaline 

>1 levels rumen acetate, propionate and butyrate were absorbed in small 

amounts, Kiddle, Marshall and : hill ip son (1951) studied the mixture 

of acids in the rumen and in We blood draining the rumen in anaesthetised 

sheep and reported that free fatty acids wre more rapidly absorbed from 

the rumen than their sodium salts. The mixture of acetic, butyric and 

propionic acids in the blood leaving the rumen contained proportionately 

more acetic and less butyric acid Wan ths mixture in th® rumen. WA 

were absorbed from the rumen at rates approximately proportional to their 

rumen concentrations, Heid (1950) reported that about of the total
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WA in sheep blood was acetic acid and Annison (1954) attributed the 

increased level of blood Wi, observed in sheep after feeding, almost 

entirely to the rise in tee acetic acid content. Kiddle, Marshall 

and hillipson (1951) also found acids higher 'than butyric in the blood 

and hsClyaont (1951a) observed teat higher acids ware also absorbed, fro® 

the ?uaen.

Masson and rhillipaon (1951)» after isolating th® retlculo-ruaen 

fro® the rest of the digestive teach, studied, the changes in the 

concentrations of eodiu® acetate, sodiua butyrate and sodium propionate 

introduced into the rumen of macsthetised sheep« Absorption of acids 

was reported frm both alkaline and acid ruaen contents but it was meh 

greater fro® the latter* Raising tee cwoentmtlon of as®tat® or butyrate 

in the ruasn increased th® «.mount of sterna volatile fatty adds in the 

blood, draining the runen. further, the total WA was always greater in 

the blood leaving the rumen than in tee arterial blood. in absorption 

studies with fasting goats and sheep Joanaon (1951) observed that the 

rates of absorption of tee individual acids in the rumn were greatest 

with butyr io, less with propionic and least with acetic acid. Pfander 

and «hillipson (1953)» working under controlle.. rumen ¿ii, dripped mixtures 

of settle, butyric and propionic acids in varying proportions into the 

rumen of normal sheep. The rates of absorption of the actes were shown 

to depend on the ruminal ooneentrations of the acide; it was concluded 

that the quantities absorbed fro® tea level of actes usually present in 

the ruaen were in the order acetic butyric )> propionic acid. Aunison
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Hill and Lwis (1957) studied the coaeeateations of W in the portal 

U©©a of sheep durin« and after the addition to th® rumen of 

Quantities of acetate, butyrate and propionate; they found that the 

rates at which acids were absorbed depended on th© concentrations of the 

acids in the rumen. i close correlation was observed between the level 

of total WA in the portal blood and in th® t

Flatt, >«m- and Loo si i (1^6) made absorption studies on 

10 fUtulated oalves at J, 5, 7, 11 and 15 weeks of age. a® animla 

had been f ad on «Uk, hay and oalf starter or starter with hay.

Kquiaolar solutions of butyric, propionio and acetic acids buffered at 

XH 6.2 were introduced into the emptied, clean reti«ul<wun®n. Th» 

losses of acids within minutes were butyric 2.66 g, propionic 2.26 g 

and acetic 1.69 g* Tsuda (1956) investigated the absorption of different 

erganic substances from the miniature rumen of goats. He reported that 

the order of absorption of acetic, butyric and propionic acids was th® 

same as < their sodium salts, that is, acetic > butyric> propionic acid. 

The free acids were, however, absorbed until their coaeantratUa# in the 

blood and in th® solution in the miniature rwaen were at equilibrium.

It has been conclusively deaonstrated that the volatile fatty 

acids produced in the reticulo'-rumn are directly absorbed into the 

blood stream. It has been shown too that the rates at which ths acids 

disappear from the rumen vary with the ¿II of the contents, aM that 

absorption occurs even when the oontmts of the rwaon ar® distinctly 

alkaline. - hillipson and Cuthbertson (1956) observed that the rate of
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absorption bears stm relation to the rate of métabolisa by the mea 

epithelium.

Masson and FhHlipson (1951) and Kiddle, Marshall ant 

Phillip acn (1951) suggested that butyric acid was wtabolised by th® 

rumen wall. This was then investigated by Pennington (1952) who incubated 

sodium salts of acetic, butyric and propionic acids in vitro under aerobic 

conditions, with surviving pieces of sheep and ox rumen epithelium.

The results showed that butyric acid was more rapidly metabolised by th» 

rumen epithelial tissue than acetic and propionic acids« losses fraa 

the medium were greatest with sodium butyrate and least with sodium 

acetate. Most of the butyrate was converted to ketone bodies, mainly 

acetoacetie acid, ©nd of the three salts, only propionate did not fona 

ketone bodies. In fact, the amount of ketone bodies produced from th® 

tissue was observed to be diminished by propitmat®. Liver tissue also

metabolised large eanounts of butyrate.

Pennington. (19%) and Pennington and Sutherland (1956) found 

that the metabolim^f propionate by sheep iwn tissue was greatly 

increased with the rise in the level of atmospheric carbon dioxide.

The formation of succinate from propionate by direct carbon dioxide 

fixation was subsequently demonstrated when carboxyl*^ labelled propionate 

incubated with fresh rumen epithelium yielded labelled succinate.

Mnison and Pennington (1954) investigated the metabolism of higher rumen 

fatty acids by the rumen epithelial tissue am observed that valeric acid
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and isomers of butyric and valeric acid» wore metabolised to yield small 

amounts of acetate and butyrate.

Annison and Lewis (1959) concluded from th® findings of Annison, 

Hill and Lewis (1957) that a significant proportion of butyrate was 

absorbed from the rumen and metabolised by the rumen wall. Fhillipson 

and Cuthbertson (1956) comented that the metabolism of ruminal WA 

started in the rumen epithelium and that the absence of glycogen or fat 

in the epithelium suggested that WA was not used for th® synthesis of 

those substances.

Evidence that acetic acid absorbed from the rumen was considerably 

metabolised, by the mammary glands was reported by MoClywnt U951b) in 

studies with milking cows. At about the same time, Popjak, Preach and 

Polley (1951) showed that acetate was utilised in the goat udder for the 
synthesis of milk fat. When labelled carboxy^^C) acetate was injected 

into the jugular vein of a lactating goat, 10/ of t he was found in the 

milk butterfat within 6 hours after the injection. The results of this 

work were confirmed by Cowie, Duncombe, Polley, French, Glascock, lassart, 

Peeters and Pop Jak (1951) and Kleiber, Smith, Black, Brown and Tolbert (1952). 

According to Barnett and Reid (1961) aw J^O-80% of the acetic acid absorbed 

from th® rumen into the blood, is removed by the mmr-ry glands for the 

synthesis of milk fat.

Balch and Rowland (1959), following observations that the 

relative proportion of ruminal acetic acid was low in animals producing 

low-fat milk, (Balch, Balch, Bartlett, Eox and Rowland (1952), Balch,
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Mich, ' Bartlett, Hosking, Johnson, Rowlard and Turner (1955), Balch, 

Balch, Bartlett, Bartrum, Johnson, Howland aid Turner (1955), Lakshaanan 

(1957À Shaw et (1957) supplemented the diets of cows producing such 

milk with sodium salts of acetic, propionic and butyric acids. Sodium 

acetate and sodium butyrate caused a rise in the silk butterfat percentage 

and it was suggested that the low fat content of milk was due to the low 

ruminal production of acetic acid on high-concentrate diets. This view 

was also supported by the experiments of Elliot ani Loosll (1959), 

Ensor, Shaw and Tellechea (1959) and Shaw, Robinson, Sanger, Lakshaan&n 

and Lewis (1959) which demonstrated a direst relationship between the 

low-fat content of milk from cows fed on rations high in the Irrel of 

concentrates and the relatively low percentage of rumen acetic acid 

produced from the diets. However, while acetic acid may be the min acid 

actively co noe r ned with milk fat synthesis, Rook (1959) has suggested that 

th© amounts of propionic and butyric acids in the rumen may also be 

important in determining th® extent of fat synthesis in the mammary gir nJ» 

Recently kook and Balch (1961) supplemented the diets of cows with 

intraluminal infusions of acetic, propionic and butyric acids. Acetic 

acid supplements increased the milk fat content end the yields of milk, 

milk protein and lactose. Milk fat percentage was decreased, and the 

yield and content of protein and solids-not-fat increased, by propionic 

acid infusions. Butyric acid supplements specifically increased the 

yield and percentage of milk fat.

These results support the earlier observations of Balch and 

Rowland (1959) that butyric acid administration also increased the level
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of milk butterfat and. are in partial agreement with the suggestions of 

kook (1955).

Energy metabbUo« She- energy value of th® volatile fatty acids produced 

in ths rumen has been estimated in vitro from the products of incubation of 

feed material with rumen liquor (Carrol and Hungste, 195M Balch, 1958). 

Pfander and Phillips©» (1955) found, that th® amounts of individual acids 

absorbed, in m.-equiv. per hour, from the rumn cf amestlwtised sheep 

were aoetic acid 33» propionic acid 18 and butyric acid 23* The total 

energy value of the acids was estimated at 25.3 keel cut of which acetic, 

propionic and butyric acid supplied 6.7, 6.6 and 12.0 kcal, respectively. 

This showed that butyric acid alone accounted for about 5^ of the total 

energy although the amount absorbed was undec ©»«third of the total acids 

absorbed. It also indicated that acetic acid was relatively poor in 

energy value. Deuel (Jr.) and Hilhorat (1528) obtained evidence with 

phloridainised and fasted dogs to suggest that acetate was completely 

oxidised in the living organism. Armatrong and Blaster (1957a) introduced 

acetic, propionic and »-butyric acids singly into th® rumon of fistulated 

fasted sheep and measured the heat increment of the acids. They reported 

that acstic acid was less efficiently utilised than propionic or ^-butyric 

acid. The heat increment values of the individual acids as percentages 

of the metabolised energy were acetic acid 41.0, propionic acid 13*0 and 

»»butyric acid 15.9. The heat increment of th® mixture of the acids was 

only 16»9^> considerably Iqwcx* than the mean of the values of the individual 

acids. Armstrong and Blaster (1957^) showed that for lipogenesis in 
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fattening sheep th® eiTielensy of utilisation of acetic acid was much, 

lower than Wat of propionic and butyric acids. Armstrong, Blaster 

and Graham (1957) found that th® utilisation of acetic acid was 

considerably modified by th® addition of small amounts of a mixture of 

propionic and n-butyric acids. They also found that the heat increment 

of the ruminal mixture of acids in sheep on natural foods was low 

compared with the values of the individual acids.

These observations offer proof that propionic and butyric 

acids are more efficient sources of energy than acetic acid and. that 

the former acids also improve the utilisation of the latter. Such 

should be the situation in the rumen of the normal animal t a

Phillipson (1959) suggests that, for productive purposes, rations 

favouring the formation of propionic and butyric acids should be more 

valuable than diets that favour the production of acetic acid.

.W&ElLaa. bleed The glycogenic effect of propionic acid was

first reported by Binger (1912) in studies with phloridainised dogs. 

Propionic acid neutralised with sodium hydroxide was given orally 

and. subcutaneously to the animal and. glucose recovered from the urine. 

The results showed that prop ionic acid was completely converted into 

glucose. Hitchcock and Phllllpson (Git. .Fhillipson, 1917) confirgwd 

this in similar studies with phloridsinised sheep.

Heid (1950) found that the hypoglycaemia induced in sheep by 
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the injection of insulin was relieved by propionate but not by acetate. 

Jarrett, Potter and Filsell (1952) reported that the administration of 

propionate and, in some cases, butyrate, increased the level of blood 

glucose in sheep. Johnson (1955) gave goats intrarwninal infusions of 

acetic, propionic and butyric acids and observed that, whereas propionic 

acid markedly increased the blood glucose level, acetic and ^-butyric 

acids did not cause a compilable rise. Clark and Hallan (1956) studied 

the changes in blood sugar concentration after dripping solutions of 

sodium acetate, sodium propionate and sodium butyrate into the rumen of 

sheep. A consistent increase in blood sugar levels was observed only 

when the mixture of acids contained propionate. Butyrate alone produced 

a significant drop in the sugar levels in most sheep and acetate showed 

no effect on blood sugar. Jarrett and Potter (1957) obtained a marked 

rise in blood sugar concentration in normal and diabetic sheep after the 

injection of sodium propionate. Sodium acetate had little effect on 

blood sugar but it increased the level of blood ketone bodies. Arastreng 

and Blaxter (1957&) reported that intraruminal administration of propionic 

acid raised the blood sugar level in fasted sheep. Butyric and acetic

acids depressed the blood sugar levels and increased blood ketone bodies. 

The rise in blood augsr concentration after the administration of a 

mixture of toe three acids supports the finding of Clark and Malian (1956). 

Goetsch and Pritchard (1958), who claimed. that fasted phloridsinised sheep 

demonstrated th® effects of oral administration of short chain fatty acids 

store distinctly than normal sheep, observed that propionic acid markedly 
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increased and butyric acid depressed the level of blood glucose. 

Acetic acid had no effect on it.

It has thus been firmly established that propionate is a 

precursor of blood sugar and that it is antiketogenic. Acetate is 

decidedly ketogenic, but from the available evidence, it is not a direct 

precursor of blood sugar (Philllpson and Cuthbertson, 1956» Lindsay, 

1959)» Th® former authors concludedi **If acetate does cause a net 

increase in th® total body carbohydrate it is probably through a rather 

indirect route."

The variable effects of butyric acid in causing a rise in blood, 

sugar concentration in s cm® cases and depressing it in others remains a 

subject under active investigation. Kronfeld (195^) showed that the 

effect of butyrate on blood' glucose in sheep was correlated with the 

initial level of glucose in th® blood. He observed, with fasted Meria© 

ewes, that ihen the initial normal level fell to 25-35 mg per 100 ml, 

an intravenous infusion of sodium butyrate increased the level by 50-80 

jag per 100 ml. -hen, however, the initial blood glucose concentration was 

high, butyrate infusion depressed it. The author concluded that 

glyconeogenesis might occur from butyrate in sheep and that it was stimulated 

when the initial sugar level was low. This was confirmed in further 

studies (&onfeld, 1957) in which it was also observed that a marked rise 

in blood glucose level resulted from the infusion of p-hydrccjy-butyrat®. 

Anni3on, Hill and Lewis (1957) gave sodium butyrate intraruminally to 

fasted sheep and reported a rise in the concentration of blood, sugar.
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Kronfcld, Gmpbcll, Hooper aM Galligan (1959) iaveatigstod ths 

effects of butyric acid and the sodium salt on plaesa glucose in crossbred 

ewes. &e mterials were given 'both intravenously and intraruaiaally. 

Butyrat» by either route increases the plasm glucose level. The authors 

eonsidm-ed, hwcwr, that the very mrked rise associated with intoxication 

observed in sea» cases was not a sign of glyeo^nioity, but rather due to 

the toxic action of butyrate. butyric acid, on th® other Mod, depressed 

plasm glucose level ana the CQ^-coabining power, resulting in acidosis. 

Tn® action was th® saw irrespective of th» route of ad»iMsteaM^ 

It «as suggested that acidosis interfere# with the glycogenic effect of 

butyrate.

Future work way yield more preoiee infemation on th® behaviour 

of butyrate on blood sugar.

It should bo noted tla t the glyccmogeMc effect of fatty acid« 

has been questioned by Ash, Pennington and geld (1959). She results 

obtained after injecting labelled butyrate ana propionate into imulinified 

■ sheep indicated that less than IP of the additional glucose hm derived 

fro® butyrate. negligible quantities of labelled butyrate ware found 

la the blood after 10 ainut-u and th® proportlcm of the additional glusose 

formed frosa propionate was aaall. Airther, only about of th© injected 

activity was foum in the acid-soluble fraction of the liver, skeletal 

muscle, heart am kidney of young lambs killed 10 ninutes after ths 

injection of labelled butyrate. Ihose workers concluded that the rise 

in blood sugar induced by fatty acids was mt due to glyconeogenesis frm 

fatty acids.
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Anjmale and treatment

Twelve Ayrshire "bull calves purchased from a local market at 

J to 7 days old were used in two experirontal series each of which lasted 

for a period of 12 weeks. Each series consisted of 6 animals divided 

equally between two feed treatments: (a) Control and (3) Early-weaned. 

Control calves received, milk through to 84 days of age while early weaned 

calves were off milk at 28 days. 

feeding and management

Th® calves were housed in a byre on the Univer si V dairy farm 

at Langhill and kept in individual pens littered with sawdust. On the 

day of their arrival on the farm only war® water containing glucose was 

offered. The animals were weighed and measured on the afternoon of the 

2nd and Jrd days and allotted to the trestments. for each calf the means 

of the weights and measurements on both days were taken to represent th® 

liveweights and body measurements at J days of age. Thei-eafter th® 

calves Wei's weighed at intervals of 14 days at about the same time of day. 

The final body measurements were taken on the 84th day and repeated on the 

next day. From the 2nd day all animals were fed liquid whole milk in 

amounts which were gradually increased for each calf over tire© days to 

the full daily allowance based on the standards of Roy, Shillam, Hawkins 

and Lang (1958). The control animals were offered milk to provide for 

maintenance plus 1 lb liveweight gain per day and the early-weaned calves 



levels to provide for maintenance plus 0*5 lb liveweight gain per day.

The difference was intended to induce the experimental animals to take more 

readily to the dry concentrate ration offered to all calves from 10 days 

of age. The composition of the concentrate mixture shown in Table 1 was 

according to the Rowett Research Institute Sarly-^'eaning Mixture (Preston, 

1956a, 1958)> but in oi'der to control the consumption of roughage by the 

animals, dried grass which had been ground through the ¿—inch screen 

of a hammer mill was incorporated into the mixture.

SABLE 1

Composition of concentrate ration

%
Flaked sals« 56.00
Bruised oats 22.50
Mol&ssine meal 15.50
Soya bean meal 4.50
Fish meal 9.00
Stabilised tallow 4,50
Salt O..32
Vitamin A & D supplements 0.40
Aurofae 2A 0.20
Crass meal 9,08

The animals were fed. twice daily, at 8 a.m. and 4 p»m., and the concentrate 

mixture was fed to appetite. The day’s ration was weighed out into two 

equal portions; refusals were weighed and discarded. Records of daily 

feed intake were kept for each calf; from 10 days of age water was offered 

Milk was withdrawn from the diet of the early-weaned calves 
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when they were 28 days old but the control calves received milk until 

12 weeks of age *

Because of Initial difficulties in providing warm, fresh, 

liquid milk where the calves were housed, the animals were, for the first 

four weeks of Series 1, fed on dried whole milk (New Zealand) reconstituted 

with eight times its weight of warm water. The use of this milk was 

discontinued when facilities for warning fresh liquid silk were made 

available.

amUae*

Blood. Samples were withdrawn from all calves at fortnightly 

intervals using the technique described by Preston and Nduasbe (1%1).

The equipment is shown in figure 1. Approximately 2 hours before sampling 

commenced a polythene catheter, 20 cm long with a bore 0.2 cm wide, 

was inserted into the calf’s jugular vein through an intravenous needle. 

The calibre of the catheter was then closed with a ^lon stiletto of the 

same length, the external diameter of which just fitted the bore of the 

catheter. The animals were then allowed to settle down well before the 

sampling time. Blood samples, 5 to 5 ml. each, were withdrawn by 

applying a syringe to the end of the catheter after drawing out the 

stilette which was replaced immediately blood was obtained to prevent 

clotting in the catheter. The calves were fed soon after the pre-feeding 

sample had been taken and further samples ware obtained at 1, 2, 3 and 4 

hours after feeding. A drop of heparin in the sample bottles was used

as anticoagulant (Annison, 1954).
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FlG.1. Equipment for the withdrawal of blood samples (Preston S. Ndumbe 19611
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Rupen contents. Liquid was withdrawn .from the rumen with 

a stomach tube and a vacuum pump. Samples were taken fortnightly except 

on the 10th week when no samples were obtained. As with blood samples, 

the day’s first sample was taken before the afternoon feeding and then at 

1-2, J and 4 hours after feeding, 'but in most cases the third-hour 

post-feeding sample was omitted. After collection the samples were 

immediately cooled in ice prior to the determination of

Until chemical analysis was undertaken all samples, both 

blood and rumen liquor, were preserved in deep freest at -1J°G.

¿¿emicaljiethods

Blood» The concentration of reducing sugars in th© blood 

was determined by the method of Somogyi (1952) using the colorimetric 

reagents of Nelson (1%4). It was originally intended also to study 

changes in the concentrations of total volatile fatty acid in the blood. 

This was, however, abandoned for want of a fairly rapid and reliable 

method of determination for th© large number of samples handled and the 

relatively small amounts of total volatile fatty acid involved. The 

method of McClendon (1944) and its modification by Kiddle, Marshall and 

Phillipson (1951) are time-consuming and of limited accuracy (Scarisbrick, 

(1952), while that of Annison (1954) was considered rather tedious. 

Unreliable results were obtained from test samples with the fairly rapid 

technique of Scarisbrick (1952) and communication with the author did not 

afford encouragement to proceed with th® method.

Rumen contents. The pH of the rumen liquor was determined 

with a "Fye" Universal oil meter using an Ingold glass electrode.
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This ms done within JO minutes of the ©enaction of samples which wore 

cooled to room temperature before the ¿1 was determined.

for total volatile fatty acid, the methods of McAnally (1944) 

and Sladen et al. (1946) were followed, The ruwn contents were filtered 

through four layers of surgical gause to remove the coarse materials. 

An aliquot was then mixed with an equal volume of a saturated magnesium 

sulphate solution containing 2.5 (v/v) concentrated sulphuric acid. 

Th® mixture was left to stand overnight to precipitate the proteins and 

then filtered through whatman Mo .4 filt®r paper. Two ml of th® filtrate 

were distilled in duplicate in a Markham (1942) still and 100 ml of the 

distillate titrated with approximately 0.01 W sodiusi hydroxide solution 

under carbon dioxide-fre® conditions using phenol red as indicator. 

The titre of a second 100 ml distillate served as a blank value which 

usually did not exceed 0.05 mi.

For individual fatty acids tee titrated solution of total 

volatile fatty acids was fractionated by mans of th© celite ciwumategraphic 

technique of Wiseman and Irvin (1957)* ®js solution, md® alkaline with 

excess 0.01 N sodium hydroxide, was evaporated to about 1.5 ml, neutralised 

and made slightly acid with approximately 0*5 ml K sulphuric acid before 

being introduced into tee top of tee oolite column. Two samples, the 

pre-faeding and the sample at peak volatile fatty acid production, from 

each calf at 4 and 12 weeks in Series 1 were analysed in duplicate.

Lactic acid. At th® beginning of the first series lactic 

acid was determined on filtered rumen liquor by the method, of barker and
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Suamerson (1%1) after precipi tail fig the proteins with lOOy (w/v) 

trichloroacetic acid solution (Hobson, 1959)* Later rumen samples 

were treated for the precipitation of protein and soluble carbohydrates 

by the method of Elsden (1%5) and lactic acid determined on the filtrate 

using the ^.-hydrcxydiphenyl colorimetric reagents of Barker and 

Sumerson (1%1). The lactic acid values obtained from samples 

precipitated by both methods showed agrees®nt, but for aor® rapid 

determination the latter method of protein precipitation was preferred. 

Balch and Rowland (1957) also obtained good. recoveries with the use of 

this method of precipitation.

Details of analytical procedures are given in th® Appendix.

In Series 1 of the exp? rise nt all the calves scoured for the 

most part of the first month. The incidence was more severe la the 

control animals and treatment with streptomycin and sulphaawthasine had 

little effect. Scouring was attributed to the reconstituted whole milk 

powder which was usually difficult to mix thoroughly in hot water. 

Aggregates of milk solids often remained suspended in the mixture and 

appeared in the defaecations of scouring animals. Scouring ceased as 

soon as the powdered milk was replaced with fresh liquid whole milk. 

Calf Ho.95 died of pneumonia in the 6th week of this series following a 

cold windy spell a week earlier? apart from occasionally going "off feed”, 

the health of the calves was.otherwise apparently normal.
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TABLE 2

Growth and feed „intake, for calves from > to 8^ days, „of. a^e

SOSl Wly a A ef ■

He. of C#Ull 6 6 (5)*
WW as 3 W* (W
Total feed esnswpticl WpM »lais MB

7^.97 71.60

771.0 163.5
X ws (&AM> doncentmte re Si an 62.7 177.2

X 3 - a® Say® 11.60 13.00 ¿U.62 WA
Gains in «eight • 5® W» 31.98 ®.8S A ^78 M.S.

Qb/head) 56 - M days . k731 36.« M.S. <F< 0.1}
3-86 Ws 76.56 «A

tally gains (lb) 3 .totters 1.1.5 0.95

t Mellsto« at withers 11.98 9.72 1.00 F is ©,¡5
Gaine In body siw LflisgW 18.01 B.30 a 2.35 W.S*
(>815 days. Bears girth 22.10 108 MA (P4M)

HWle <irm 39.55 hO.JO i 3*7® KA
MM» ef hooks 6.10 . 0.63 KIM5

» Calf K 9’5 died 6 wems MW the eswswow®! of first aeries.

« loliMtol data ere presented In ippreeix table# 1 and 2.

X inctivtciijal data are presented in Appendix tabi« J.

। IndlTleua) data are presented in Appendix table 4.



53-
- Growth curve of control colv** • and early weaned

A3E (days^



54-

FiG. 3- Mean growth rates of calves.

Q
A

IN
 (lb/

da
y)

PERIOD (days)



55.

Growth and feed

1318 overall man values for gains in liveweight and. body 

measuremsnta and for feed intake are shown In Table 2. Growth curves 

and growth rates for both groups of aniaals are shown in figures 2 and. 

3, respectively. In general, the early-weaned calves began eating the 

concentrate ration at an early stage and were consmlng approximately 

| lb (air dry) per head per day before weaning at 28 days. Growth, 

as indicated by gains in live wight, ms slow in bo ti-i groups, during the 

period of scouring when wan gains of 1.3 and 2.5 lb per heed for the 

early-weaned and control animals, respectively, were recorded in the 

period 3-14 day»* No significant differences between treatments were 

found in liveweight gains for th® periods 3-2®* 28-56, 56-84 and 3-84 

days. The control aninials, however, gained significantly more (P * 0.01) 

in the period 28-42 days. tfith respect to skeletal growth from 3-34 

days «IgniiMmnt differences in favour of ths control calves were observed 

in height at withers (P » 0.05) and in width of hooks (P ^0.05). 

It is worth noting that little or no difference was found between 

treatments in the gains in middle girth aeasuFMients.

Changes in the concentration ..ofJal^od^^

Table 3 shows the man values for th® level of reducing 

sugar in the blood and the changes with age and diet are shown in 

Figure 4. There were rw differences of any magnitude between the 

treatments up to 28 days when the diet of all animals included milk 

and concentrates. In both groups during this period the concentration
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TABLE J

Mean eoneentratlon of reducing sugar in the blood of calves 
(ag/100 nl)*

...Fer O'"...
(week)

Time after 
feeding (hr)

Control 
calve# (a)

&p®rlnental 
calves (b)

DiHerenee 
(a-b)

pre-feeding 81.1 80.9 0.2
1 91.9 111.9 - 20.0

2nd 2 91.6 104*7 * 13*1
3 89.7 96.3 * 6.6
4 37.6 84.9 2*7

pre-feeding 78.9 81.4 - 2.5
1 106.2 102.4 3.8

4th 2 114.0 103.2 10.3
3 97.6 91.5 6.1
4 92.2 85.6 6.6

pre-feeding. 78*0 69.3 8.7
1 122*7 75.3 47*4

6th 2 113.2 75.5 33-7
3 91.7 74.5 17.2
4 86*5 74*6 11*9

pre-feeding 78,1 68.1 10*0
1 111*7 70.6 41.1 ■

8th 2 102.1 72.3 29.8
3 93.4 70.9 22.5
4 80.9 69.0 11.9

pre-feeding 80.0 70.5 9.5
1 116.8 70*7 46.1

10th 2 108*9 75.0 33*9
3 37.7 73*2 14.5
4 84.6 72.5 12.1

pre-feeling 75.2 68.2 7.0
1 101.1 73.4 27.7

12th 2 92.6 77.6 15.0
3 82.2 76.1 6.1
4 31.3 71.5 10.3

» Individual values are presented, in Appendix tables 5ft A 5b.



Fig- 4- Mean concentration of reducing sugar in whole blood of 
calves at 2 x x, 4 • • , 6 o o, 8 q n, 1QA— 
and 12 weeks of age a- a .

TIME AFTER FEEDING (hB)
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of blood sugar increased sharply an hour after feeding followed by an 

equally sharp decline within the next two hours. The pre-feeding 

levels in both groups of animals were then around 80 mg per 100 ml. 

At 6 weeks, that is 14 days after weaning, the concentration of reducing 

sugar in the blood, of the early-maned, calves decreased markedly below 

the comparable levels at 4 weeks (a fall from 81.4 to 69. J sig per 100 ml) 

and remained below the levels of th® control animals over the rest of 

the series. While blood sugar values for the control calves continued, 

to show marked fluctuations similar changes were not observed in the 

sugar levels of the early-weaned, calves after feeding from the 6th week. 

The pre-feeding concentrations in the former group showed a slight but 

fairly steady decline with age from the 2nd week. On th® other hand, 

th® pre-feeding levels in th® latter group after the marked post-weaning 

decrease indicated a tendency to increase between the 6th and 10th week 

and to decline again at 12 weeks.

Rumen samples fro® all animals at two weeks of age were of a 

greyish colour, fairly thick in consistency and showed the presence of 

silk. Samples from the early-weaned calves, however, were gene rally- 

lighter in consistency, had a brownish tinge and contained coarse materials 

from the concentrate feed. There appeared to be sore silk in the samples 

from the control animals. At 4 weeks the liquor from the early-weaned, 

calves was decidedly more fluid (copious in one animal) with a more 

brownish colour and odour approaching that of normal adult rumen liquor,
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but the presence of ©ilk was still noticeable* In the control animals 

at this period, the liquor was a lighter grey in colour with a brownish 

tinge, and the consistency less fluid than that of the liquor of the 

early-weaned calves. In both groups of animals withdrawal of the liquor 

was much easier at 4 weeks of age than it was at 2 weeks. As far as 

smell, colour and consistency were concerned the liquor from th® early- 

weaned animals appeared, to be similar to that of animals fed high- 

concentrate diets. The nmen liquor of th® control calves, on the other 

hand, showed the presence of milk to 12 weeks and. the brownish colour, 

the odour and the presence of coarse feed material did not, except in 

two cases, approach those of the liquor of the experimental animals.

Rua^ n of total vol&mf-£a^

Detailed values for and the concentration of total volatile 

fatty acid in the rumen liquor are shown in Appendix Tables ba and 6b.

As Figures 5a, 5b and 6 show, there was a greater increase in ruminal total 

volatile fatty acid concentration with ng® in the early-weaned, than in the 

control animals, In the farmer group peak concentrations stabilised 

between 6 and 8 weeks, whereas in the latter group peak voices continued 

to increase with age to 12 weeks. Except for the values at 2 weeks the

hourly levels of VFA we higher in the early-weaned than in the control 

calves, but in both groups peak concentration was generally reached between 

2 to 3 hours after feeding.
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Fig. 6. Production of total volatile fatty acid in the rumen 

of control o—o, and early weaned calves 
with age (peak values)'
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The wan values after feeding for ruminal ¿1 the 

concentration of total volatile fatty acids (VFA) are shown in Table 4; 

the pre-feeding values Wei's excluded., Neither for WA nor for ¿1 $ould 

the variation between animls within treatments be significantly reduced 

by analysis of oovarianee of the 4, 6, 8 or 12 week values on the 

corresponding 2-wek values. The data for early-weaned and control calves 

were therefore compared by a series of t-tests (Table 4a). The most 

striking difference (P < 0*05) was in the oomontration of WA at 6 weeks, 

but it w be presumed that the difference existed from 4 weeks onwards - 

greater animal variation at 8 weeks obscuring that particular result. 

There was no definite evidence of a &II difference but sobs suggestion of 

such at 6 weeks - corresponding to the time of maximum WA difference.

The distribution of the individual fatty acids is shown in 

Table 6. "A” represents the pre-feeding samples when the levels of W

were lowest and "B**, ”Ga or "D* the post-feeding samples when the ooncentra 

tiona of WA were at peak levels. «B“ indicates that the peak value was 

reached 1-2 hours after feeding, "C” that it was reached 3 hours after 

feeding aid *P* that it was reached 4 hours after feeding. Where a 

duplicate result is not shown the sample flask was either broken or 

ml sal ng in storage. The separation of the duplicate of sample "A” of 

Calf No .100 (4th week) is suspect. This might have been due to the 

fact that the sample was inadvertently not thoroughly stirred with the 

‘’cap** material of the celite coluan.
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of tetal. velatile fatte asift in ...rwaen. .lluW,

MWAftMS

WA

Àstici
X 4 à 8 12 2 4 € Í a 12

K 95 4á 129 145 •W» *» 6.2 5.1 5.1 a*

99 100 136 155 119 134 5.3 5.1 5.0 5.3 5*6
93 80 131 138 107 157 5.9 5.1 5.3 5.8 5.5

(Exp) 81 75 149 179 149 5.0 5.7 5.1 4.9 5.3
33 69 103 152 X¿$Á- 169 4.8 5.6 5.0 5.0 5.1
84 57 119 122 i> 139 4.9 5.3 5.5 5.2 5.3

97 99 85 97 101 146 5.3 5.5 5.6 5.4 5.3

96 51 58 95 63 125 6.0 5.9 5.7 6.5 5.7
(Oont) 100 78 94 112 134 106 5.6 5.5 5.3 5.2 5.8

85 It 98 73 131 122 5.4 5.3 5.4 5.2 5 »4

87 71 30 123 147 133 5.9 6.4 5.1 5*1 5.2
88 77 123 97 143 122 5.0 4.9 5.4 5.2 5.5
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TAW 4a

Djf in ge&n values of .raiUal ...tc^
cementyatlor a^ sBJwlæea.M aoâ eontrol.^calws

Measure®® nt imperi» nial 
wan

Control 
a®an

Differ- 
enee

S.Z.of 
difference

1 'Signifie- 
anee

weeks
m 2 71 78 - 7 + 10.3 -0.7 K.S.

4 119 9© +29 + 11.6 «*» 2.5 P4O.O5

6 144 100 +44 + 8.0 5.5 P^O.OÛl

8 137 120 +17 1 18.3 0.9 N. S.

12 ü6 126 +20 + 8.6«KB 2.3 P <0.Q5

pH 2 5.35 5.53 -0.18 + 0.23*• —0.6 R.S.

4 5.32 5.58 -0.26 + 0.24 -1.1 H.S.

6 5*17 5.42 -0.25 i 0.12 -2.1 M.S.
(P<0.1)

8 5.24 5.43 -0.19 0.28 -0.7 N.S.

12 5.56 5.48 —0.12 + 0.13 -0.9 ' N.S.
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In most cases during the elution of acids from the column 

a weak tend of higher acid was observed before the band of butyric acid. 

This was collected with th® butyric acid fraction, the values of which 

are therefore composite.

As Table 5 shows, the proportion of the acids altered 

after feeding. The relative proportions of propionic and butyric 

acids increased while those of acetic acid tended in general to decrease 

correspondingly. Th© mean proportions of acetic, propionic and butyric 

acids in the rumen liquor of calves at 4 weeks of age were, respectively, 

51.6, Ml and 18*2^ before feeding and 47.8, MS eat 17»^ after 

feeding in the earlyweaned calves and 51*3, 28.4 and 20 .J> before feeding 

and 52.6» 28.8 and 18.8# after feeding in the control animals.

At 12 weeks the relative proportions of acids in th® early* 

weaned group averaged 55-5, 27 and 15-5^ ace tie, propionic and butyric 

»nAds, respectively, before the animals were fed while after feeding th® 

proportions of the respective acids averaged 52.4, 33 «0 14.7»«

Th© WA of the control calves at the emo age consisted on the average 

of 43.8> acetic, propionic and 21.9^ butyric acid before feeding 

and 45.2, 33*0 and 21 acetic, .propionic and butyric acids, 

respectively, after the calves were fed.

¿Ml0 these results suggest little or no difference between 

treatments in the relative proportions of the acids at 4 and 12 weeks, 

there is nevertheless som indication that the proportion of butyric 

and higher acids in the early-weaned calves decreased at 12 weeks when 

compared with the values at 4 weeks.
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Table 7 shows the in the concentration of lactic acid

in th® rumn liquor samples. Apart from a few cases in which high 

levels of lactic acid am found in the liquor before feeding, the 

pre-feeding concentration?generally ranged fruia 0 to 5 ag per 100 «1 

and were followed by marked. increases an hour after feeding and 

subsequent decreases at about the fourth hour. Th® calf in which th® 

pre-feeding levels ware rather high, up to 68.5 per 100 nl in on® 

case, showed distress and lassitude and ate little of the concentrate 

feed that was offered. The condition was, however, transitory, the 

animal consuaing feed apparently normlly by th® next d^»

The data for lactic acid concentration could not be 

statistically analysed because of the very great variation in the 

individual values, clearly precluding ary probability of showing 

significant treataent effect.

The relation between ¿H of the rumen contents and the 

concentrations of total volatile fatty acid and lactic acid at 2, 6 and 

12 weeks are shown in figure 7« While the levels of lactic and total 

volatile fatty acids were inversely related with the ¿H, the results 

tend to suggest that th® changes of gH were acre- closely correlated 

with the changes in the concentration of total fatty aoid than with changes 

in the levels of lactic aoid. For example th® values of th® rumen 

liquor of Calf No. 100 at 2 weeks were 4.75, 5*00, 5*70 and 6.02, 

respectively, before feeding at 1, 5 and 4 hours after feeding.
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ms 7
Range in ©onaentration of lantic acid, in the rumen liquor of calves 

(ag/100 al>

Reek Tim after 
feeding 

(hr)

Control Harly-wsansd
rang® man range re an

2 pre-feeding 0*20 — 14*53 8.50 0.51 - 3*26 1.96
1-2 1.79 - 44.17 18.07 11.73 - 38.08 25.44
4 0.00 - 13.16 5*65 2.33 - 47.98 14.52

4 pre-feeding 0.05 - 8.98 3.05 0.16 - 3.93 2.74
1*2 1.12 - 27.12 7.48 2.04 - 7.71 5.4I
4 0.32 - 13.53 5.12 1.61 - 14.44 4.95

6 pre-feeding 0.40 - 20*20 6.35 0, 75 - 21.53 8.62
1-2 1.03 — I3.6Q 7.40 6 »38 - 63.24. 19.94
4 0.75 - 19.80 9.34 4.60 - 29.88 13.08

8 nre -feeding 3.42 — 14.54 8.53 4.95 - 68.50 20.36
1-2 3.11 - 51.90 19.44 1.50 — 64.30 35,1©
4 2.50 - 7.20 4.13 2.39 - 3.72 5.35

12 pre-feeding 0.0J - 6.05 2.47 1.00 - 4.05 3.10
1-2 4.56 — 40.61 17.13 14.90 - 56.34 36*05
4 0.00 - 5.77 4.05 0.99 - 5.61 4.22

* Individual values ar® shown in Appendix ‘Sables 
6a and 6b.
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Th® corresponding concsntrations of lactic acid, sere 41.5, 1.79, 0.87 

and 0.46 wg/100 »1 and of WA 112.6, 103.9, 69.7 and 59.3 E-woVlitre. 

For Calf Ho.84 the of the ruimn samples at 8 w®ks were 4.95 before 

feeding, 4.95 and 5,50 at 1*2 and 4 hours, reepeotlvsly after feeding 

while the corresponding value» obt»ina& were 68.50, 4.95 and 5*58 

100 sd for lactic acid and 143.0, 161.4 and 114.0 awaol/litre for 

total volatile fatty acid. aassn stable a fro« the »am® animal at 

12 weeks shewed eiMlarly low ¿8 values, 5.15 before food was offered 

and 5.15 and 5.4D cm to tw are 4 hours, reaRcWaly, after feeding. 

Th® levels of lactic acid ware correspondingly 3*19, 55*4 and. 4.9 

100 ml while those for total fatty acid were 132.5» 150.4 and 

127.3 m-siol/litre.
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DISCUSSION

Preston (1956b), Ramie (1953), Stobo (1958) ana Harkin» (1%1) 

reported that there were no significant differences in liveweight and 

skeletal growth at three months between early-weaned calves and amnals 

fed according to the conventional syst®®. In the present study there 

were no differences in bodyweight but significant differences in favour 

of the control animals were found in wither height (P^ 0.05) and width 

of hooks (P ^0.05) at 84 days. These differences are difficult to 

account for especially as Blaxter and ood (1952) and Roy, Shillam and 

Hawkins (1956) have shown that even body weight maintenance in the young 

calf involved not only deposition of protein but also the storage of 

minerals in the bone.

A common remark about early—weaned calves has been the ’’pot-belly 

appearance of their abdomen. No significant difference was found. between 

the two groups of calves in tills study in th® middle girth measurement 

at 34 days. This was probably because the roughage intake of the 

animal a was restricted to 10a- of th® total dietj it is known that th® 

consumption of large amounts of roughage by calves causes an abnormal 

distension of the rumen wall without the deposition of tissue (Blaxter 

et 1952). In mare recent studies, Preston (i960) observed that 

there was little difference in conformtion between early-weaned calves 

fed hi gh—eonc® nt mt® diets and the l&te-w©aned anials.

The intake of liquid milk by young ruminants is known to result 

tn a sharp rise in the level of sugar in the blood. Kennedy, Anderson, 

Beohdel and Shigley (1939) reported that with calves there were increases
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from 80.8 to 129.4 mg/100 al whole blood one hour after the morning 

feed and from 80.5 to 114.2 ®g/100 al half an hour after the evening 

feed. Barhydt and iy® (1957), in milk feeding experiments with young 

calves, observed ¡narked increases in the blood sugar concentration 

following a feed of milk but found little difference in the concentration 

after grain and hay were fed. Martin, Barney, Matron® and Wise (1958) 

fed groups of young calves on different diets from three days to twelve 

weeks of ag© and reported post-feeding hyperglycaemia in ths group of 

animals on a liquid milk diet. Similar findings were reported by 

Preston and KOumbe (1961) in studies with twelve-week-old calves.

The results of the present study confirm these observations.

Mik fed to the calf enters the abomasum directly (Mac and 

¿nd.erson, 1939; Wise, Anderson and Miller, 1942) via the oesophageal 

groove (Comline and Titchen, 1951). Barhydt and Dye (1957) showed that 

virtual 1 y all the milk lactose was digested and absorbed from the small 

intestise and utilised by the animal. It 1» also known (Phillipson and 

Green, 1%9) that the rate of flew of liquid material from the abomasum 

to the duodenum is fairly rapid and Barhydt and $ye (1957) estimated 

that milk passed through the abomasum of the calf at a rate ef about 

380 ml per hour. The end-products of lactose digestion, glucose and 

galactose, are rapidly absorbed from the intestine and Bevis and Brown 

(1%2) have recently obtained evidence to show that glucose xs very 

rapidly utilised by the young calf and that the utilisation depends upon 

W amount of glucose available to the tissues. Further, Bensadoun and
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Reid (1962) haw recently demonstrated with sheep that there is a con

siderable increase in the rate of port'll blood flow J to 7 hours after 

feeding and that the saxiau® avere.ge increase during any two-hour period 

over th® pre-feeding levels could be as high as 82%, The rapid post

feeding rise to peak values within 1 to 2 hours as noted in the present 

study and the subsequent almost equally rapid decline in the concentration 

of blood reducing sugar after Mik fee-ding ms therefore to be anticipated.

The relatively alow decline with age in the pre-feeding blood

sugar values for the late-waned calves compared with the marked fall in 

the pre-feeding blood sugar levels of the early-weaned calves at 6 weeks 

of age, indicates that the? striking changes in these latter calves wre 

caused by th® abrupt withdrawal of silk fro» the diet at 28 days of age. 

McCarthy and Kesler (1955) observed a marked decline in the concentration 

of blood sugar in calves after a change at 42 days of age fro» »ilk to 

solid food. Hibbs, Conrad and Van&rsall (1961) also found a significant 

drop in the blood sugar level of calves fed high-roughage diets after the 

complete withdrawal of milk from the animals when 7 weeks old.

Jacobson, Allen and Bell (1951) fed groups of calves on different diets 

from 4 days to 16 weeks of age and observed a similar steady decline of 

blood sugar in both the group restricted to a milk diet and the group fed 

1 ted amounts of milk to 7 weeks of age with alfalfa hay asi 

and concentrates. Staubus, Brown, Davie and Kelson (1958), studying 

the effect of acetate supplementation in calf diets, also reported a less 

marked decline in th® blood glucose of calves fed milk and calf starter

ad libitum compared with others which were weaned. In 12-week*old milk-
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fed calves they observed that the blood glucose values averaged 89.7 mg/ 

100 al compared with the initial average of 110.6 mg/100 al blood. In 

the last two studies, however, the silk intake of the animals was steadily 

reduoed over the experimental period. The sharp decline in th® blood 

sugar levels observed at 6 week» in the early -weaned animals in the present 

study might therefore be attributable not only to weaning from milk as such, 

but also to the abruptness with which weaning was accomplished.

Reid (1953) demonstrated that a decline in th® post-absorption 

blood gucose level in lambs commenced in the first week of life, that 

a large proportion of the decline was due to the disappearance of glucose 

from the blood corpuscles and that plasma glucose began to decIino 

rapidly at about 4 to 5 weeks of age, to reach stable adult levels between 

the 7th to the 9th week. Similar observations were reported with 

calves by Goodwin (1956) who attributed the decline in the reducing 

sugar content of the corpuscles to a gradual replacement of the foetal 

exythrcoytes of the young calf, which were high in sugar content, by the 

post-natal ones which were virtually without sugar. Vandersall, Conrad. 

And Hibbs- (1957) also reported that much of the decline in whole blood 

glucose of young calves during th® first few weeks of life «as due to 

a decline in glucose of the corpuscle fraction, a decline which Mae, 

Caldwell, Parrish, Plipse and Hughes (1%7) showed was due to a loss 

of potassium fro© the corpuscles. Ratcliff, Jacobsen and Allen (1958) 

studied changes in the reducing sugar in th» blood of young calves fed 

whole milk and a gruel-type starter ad UWaffi and found that the level 



of whole blood reducing sugar declined for 8 weeks and that the sugar 

content of the blood cells decreased steadily to about aero by the Sth 

week. Most of the blood sugar was found in th® plasm and the decline 

of plasma sugar was similar to that of whole blood sugar. Hibbs £t al. 

(1961) observed that much of th® decline in th® blood glucose of calves 

durii^ the post-natal 7-week period of milk feeding resulted from the 

decreased corpuscle glucose. Plasma glucose declined markedly only 

after the milk intake of the calves was reduced at 6 weeks prior to its 

complete withdrawal at 7 weeks. The authors further observed higher 

levels of whole blood glucose in animals given an antibiotic-chlortetr&cycline. 

These higher levels were largely due to increased plasma glucose which 

persisted until chlortetracycline was withheld from th® rations; after 

th1 a plasma glucose declined to the levels of th® calves not given 

chlortetracycline *
It is evident from these observations that in spite of the 

decline in corpuscle glucose with ag® the very marked fall in the whole 

blood sugar values of the early—waned salves at 6 weeks was due, in the 

min, to a sudden drop in plasma glucose and that this was probably 

related to abrupt weaning at 28 days of Because of this sudden 

change in diet the sain source of readily available glucose was no 

longer available at a period when other sources of blood sugar, such aa 

the ruminal fatty acids, were still largely undeveloped. This period 

was considered by Hibbs et al. (1%1) to be one of "sub-maximum energy

availability"
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Hibbs st (1%1) found also that the sharp decline in the 

blood sugar after the termination of milk feeding was followed by a 

steady increase in whole blood and plama glucose levels fro® about the 

Sth week (a week following complete weaning) of up to 14- ag/lOh sd by 

the end of the 16-week feeding period« A siMlur tendency was indicated 

in the blood sugar values of the early-weaned calves in the present trial* 

There was a much slower decline in blood sugar in the late-weaned calves 

which agrees with the findings of Jacobson et a^. (1951)» Staubus £& a^. 

(1956) and katcliff et al• (1958).
M previously reported (p«5.8) there were no very marked 

post-prandial fluctuations in blood reducing sugar in the early-weaned 

animals after then® had been weaned froa silk. In general, a slight 

increase within two hours of feeding was followed by a alnilarly small 

decline later. The levels of total volatile fatty acid in the r^n 

of the calves between 1 to 2 hours after feeding showed mt fermntation 

was rapid. The ruminal acids absorbed (Mly and PMlli^ Wl 

Barcroft MM» 
1951; Kiddle M Si-> 1951i

Pfander and Phlllipson, 1955; Watt 1956; Tsuda, 1956) and

propionic acid is known to have a glucogenie effect 0n 8U^ 
(Schults and Smith, 1951; 1951ft# Porter, 1952; Johnson, 1955;

Clark and Man, 1956; Amstrong and Blaster, 1»7).

total volatile fatty acids showed that there was a high proportion of 
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propionic acid in the rumen acid mixture and since the absorption of 

acids from th® rumen is faster under conditions of low rumen ¿K such 

as generally prevailed in these animals, th® smell rise in blood sugar 

©f the early-weaned calves after feeding could have arisen from absorbed 

propionic acid. Barhydt and Dye (1957)» however, claimed that such a 

post-feeding increase in blood sugar levels in calves fed grain and hay 

was directly related to the aboma&l concentration of fermentable sugar 

wMrth suggested to them that a rise in blood sugar of about 10 mg/100 nd 

blood at 2 to 6 hours following a meal was influenced by sugar absorption 

from the intestine,
Martin, Ramsey» Matron® and Wise (1958) reported a slight decrease 

in th® blood sugar of young dairy calves immediately after feeding diets 

consisting of casein, fat, glucose, starch and chopped hey, and of casein, 

fat, glucose and salts of acetic, propionic and butyric acids. Ndwabe 

and Preston (i960) and Preston and Mumb® (1961) reported a significant 

depression in the blood sugar levels within 3 to 4 hours after feeding 

in 12-week-old Ayrshire calves on an all-concentrate ration. Preston and 

Ndumbe (1961) suggested that this depression sight have been due to the 

changes in the proportions of the ruminal acids under certain conditions, 

and particularly at low rumen £H, bX the of aiets

entirely of concentrates.
the general pattern of blood sugar in the weaned calves in 

this experiment was first towards an increase after feeding, the individual 

values for calves So. 81 and 83 at 10 and 12 weeks indicated small 
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depressions 1 to 2 hours following feed intake* The depressions ware, 

however, offset by the group scan blood sugar values. It is of interest 

to note that the run®» values for calf No.BJ dropped fro® 6.JO to 

4.95 at 8 weeks and from 5.37 to 5.05 at 12 weeks and that these falls 

coincided with the depression of blood sugar. The values for calf No.81 

declined, from 5.08 to 4*90 at 3 weeks and from 5.40 to 5.JO at 12 week». 

The blood sugar of calf No.84 showed a slight increase ¿lately after 

feeding although the rumn ¿d, the lowest in the group, did not alter an 

hour following feeding.

In both the control and the early-weaned calves there was rapid 

rumen fermentation after the ingestion of food, the maximum levels of total 

volatile fatty acid in th® rumen being reached one to J hours after feeding. 

This was to be expected since th® concentrate ration contained a high 

proportion of readily fermentable carbohydrate in the fora of starch and 

dextrin. Total fatty acid production stabilised at & higher level and at a 

such earlier age in th® early-weaned animal3 compared with the late-weaned 

ones. Comparable observations wre reported by Hobbs at al. (1952), Crain 

and Hansen (1952), McCarthy (1955» 1956), Lengsmn and Allen

(1955, 1958) and Wardrop (1958) whose studies demonstrated that the 

ingestion of solid food stimulated more rapid production of total 

volatile fatty acid in the rumen than the intake of milk, and that 

the sooner the young rminant ingested solid food the sooner rumen ferment

ation was established.. Solid feed entering the rumen accelerates the 

proliferation of a large microbial population capable of digesting the feef 
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(Quin, 1943; asten, 1945; Van der «ath, 1341» founden and Hibbs, 

1948^, & Sail et H*, 19531 Hungate s£ , 1952; Lengemann and 

AHw, 1959; Sadi® et a^., 1959; talker and Ue, 1%1). It is also 

known that the volume of the rumen rapidly increases as a result of such 

feiTuentatlon (Brownlee, 1^6; i/amw et , 1956; Flatt gt M«* 

hence the area of fermentation activity, and therefor® the products of 

f erm nt ation in the rumen, rapidly increased in the early-weansd calves* 

On the other hand functional development was slow in the control calves 

fed adequate milk because they oonstmed such less dry feed.

#ith regard to the mixture of the ruminal acids, the relatively 

high proportions of propionic acid and of butyric acid and the correspondingly 

low levels of acetic acid observed in both th® control and the early-wsansd 

calves confirm the reports of ^snik and Allen (1951); Phillipson (1952), 

Balch and Rowland (1957), lakshmnan (1957), 8^« M (^7)»

(1959), Elliot and Local! (1959), Stuart ^t (1958), Snsor 

(1959), Eusebio et (1959) and Shaw fit (i960) with animals 

fed on low-roughag®, high-concentrate diets.

Orth and Kaufmann (i960) observed in cows fed diets rich in 

sugar (beet leaves and fodder beet) that the proportion of rumen acetic 

acid decreased whereas that of butyric acid increased often to a proportion 

aven greater than that of acetic acid, while only a small- increase in the 

proportion of'propionic acid was found. In the early-weaned. calves the 

proportion of acetic acid tended to increase while propionic and butyric 

acids tended to decrease fro® 6 to 12 weeks of age. In the control animal, 
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however, the proportion of acetic acid tended to decrease while propionic 

and butyric acids tended to increase. Lengemann and Allen (1955) observed 

a marked decrease in th® proportions of ruminal acetic acid at 5 months in 

calves fed normal diets of hay anti concentrates. williams and Christian 

(1956) showed with sheep fed dried grass that the ratio of acetic acid 

to propionic acid, was significantly higher at lower levels of rumen total 

volatile fatty acid concentration (these were brought about by a reduction 

of th® quantity of feed given). fiasco (195$) also showed by xilIB 

studies that the distribution of th® volatile fatty acid® forma depended 

not only on the type but also on the amount of the carbohydrate used.

Balch and lowland (1957) observed that the percentage of acids higher than 

butyric increased with th® amount of concentrates led.

As indicated in Table 6, the post-feeding dis tribation of the 

ruwn fatty acids did not show a consistent trend with all calves although 

in general, and especially in the early-weaned animals, ths proportion of 

propionic acid tended to increase while that of acetic acid tended to 

deerease at peak volatile fatty acid levels after feeding. Butyric acid 

proportion did not appear to be affected with feeding out showed a decrease 

with age at 12 weeks in the experinental group.

Sohaabye and milipson (19h9) observed little post-feeding 

variation in the proportions of iwn acids in sheep fed chopped hay, 

linseed and blood mala. fbillipson (1952) found in lands given flaked 

®&ise that after feeding the proportion of propionic acid increased while

that of acetic acid decreased! abnormally low levels of butyric acid were 
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observed with this diet. Oray and Pilgrim (1951), in experiments with 

sheep fed hay found a marked increase in the percentage of propionic acid 

following feeding. Stewart, Stewart and Schults (1958) also observed 

that propionic acid was produced at a faster rate than butyric or acetic 

acids imedi&tely after feeding. Reid, Hogan and Briggs (1957) fed 

different. diets to sheep and reported that the proportion of propionic 

acid increased after feeding to reach a peak which coincided with the 

maximum level of total volatile fatty acids. 'The proportion of acetic 

acid always declined wMle that of butyric acid was variable after feeding. 

Like Phillipson (1952) they found abnormally low butyric acid level in 

sheep fed Mgh-s torch diets, but they also noted that men the animals 

were first fed such diets the proportions of butyric and propionic acids 

following feeding markeoly decreased when the rumen fell below 5.0-5.5. 

Further, they observed that the pre-feeding proportions of acids showed 

a reasonably constant composition from day to day in animals on any 

one particular diet and they suggested that a variation batmen animals 

was preevm^bly the result of differences in the rate of feed intaxe 

and. the total consumption. whether such a stat© of affairs accounted 

for th® decrease observed in th® proportion of butyric acid in the 

early-weaned calves at 12 weeks when their concentrate intake was on 

an average about three times as high as at four weeks of age, am 

similarly higher than the intake of ths control animals at 12 weeks is 

speculation. Knox and Ward (1%2) have recently shown that while the 

frequency of feeding affected changes in total volatile fatty acid levels 
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and in ths proportions of acetic and propionic acids, the proportion of 

butyric acid was not significantly affected.

The high concentration of lactic acid in the rumen of animals 

on both treatments 1 to 2 hours after feeding confirms the findings of 

other workers with similar diets (Fhillipecn, 1952$ Hungate ^1^»» 

1952} «all at al., 1953). «eld® and Schults (1955) working with steers 

found levels below 1 iag/100 al rumen content before feeding and 58 mg/ 

100 al half an hour after feeding a nay-gruin ration. Similar results 

were obtained by SaM at (1957) and Briggs, Wm and Said (1957) 

with sheep on teigh-etareh diets. Balch and Rowland (1957) found traces 

of lactic acid before feeding and levels fro® 95 to 270 mg/100 ML at 

1 to 2 hours following feeding in cows fed concentrate rations. Only 

traces were observed at about 5 hours after feeding. Rungate ot 

(1952) that ths accumulation of lactic acid in the rumen

of ayim*!a was due to the rapid fermentation of diets which are r*ch in 

readily fermentable carbohydrat®8• Jha high acidity of th® rumen content 

(¿1 4.I-4.7) which resulted, partially or ompletely inhibited rumen 

iPhtiltty and the animals showed symptoms ©f digestive disturbances,- 

death following in acute eases. ScarisorLck (1954) reported similar 

findings with sheep fed on mangolds and Annis on, Lewis and Lindsay (1^9) 

with sheep transferred to lush spring pastures. With rapid f©rotation 

of such feeds th® rate of lactic acid production in the rumen exceeded 

that of its breakdown to volatile fatty acids. It was also observed that 

the symptoms of indigestion were not noted if ihe animals were gradually 
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introduce! on to the feed.

dhe rumen contents of calf Ko* 100 before feeding at 2 weeks 

were fowai to be highly acid. (jgH 4.75) and the animal looked depressed and. 

refused to eat the concentrate feed offered. As already reported, the 

calf ate greedily when the oomentrate ration was introduced, and it is 

suggested that the condition that developed was due to the effect of tee 

high lactic acid accumulation (41*55 mg/1^ liquor) found in the

rus??n at the time. The rapid disappearance of lactic acid from the rumen 

that followed sampling suggest an earlier stasis of rumen movement which 

was probably alleviated by sampling and tee handling of the animals 

(Hungate at a^., 1952). A similar pattern of rumen aoidiV «1»° 

observed in calf No. 84 at 8 and 12 weeks but the of distress

were not apparently so severe although the oalf shewed little appetite for 

food on both occasions.
It has been shown (Phillipson and McAnally, 1942? Kladen, 1945| 

kobinson tXSlM 1^5? 19571 aogan and

Bold, 19571 Boid fetal*, 1957; Annison, Lewis and Lindsay, 1959) that 

only traces of lactic acid are normally present in tee rumen and teat 

tee high concentration in animls after tee consumption of readily 

fermentable carbohydrates rapidly falls within a hour or so especially 

if tee diet is introduced gradually to tee animals. Turner and Hodgstts 

(1952), however, found teat lactic acid disappeared more slowly from 

tee rumen of sheep teat had received aurewein orally. They observed 

very high, but also on occasion very low, concentrations in tee animals.



86.

Mangan, Johns and Bailey (1959) administered penicillin to one of two 

fistula ted identical twin caws fed on cut red-clover and reported an 

increue® in the accumulation of lactic acid in the rumen of the penicillin- 

treated animal. They suggested that the lactose fermenting organisms 

in the rumen were more sensitive to penicillin than those responsible 

for producing lactate. (Ghana® f,t g^,*. 1953, found with steers that 

whit a the number of rusen streptococci decreased th® number of coliform 

organism© remained unaffected or increased when aweoagroin was fed.) 

nj nd a (I960) also supplemented the diet of early-weaned calves with 

nht artstraoycline and observed a significant increase in the rumen 

Qomentration of lactic acid in comparison with the control animals.

It is therefore possible that the accumulation of lactic acid 

in the rumen of s» of th® calves in the present study as late 

as 12 weeks was largely due to toe offset of the antibiotic in the 

concentrate ration.
Th® depression of rwaen ¿H and the consequent rise in the levels 

of lactic acid and total volatile fatty acids following feeding are well 

established (mnipson, 19^» 1^1 milipson and McAnally, 19Uj 

&all A Am 1^5) Waldo and Schults, 1955# Swland, 19571

Briggs M Am 1957# Reid A Ao 1957). however, still

«me controversy on the relative effects of lactic acid aM total volatile 

fatty sold on the rwn Coop (1%9) found in studies with sheep, 

fed after fasting, that the rueen varied inversely with the ruminal 

volatile fatty aold, but he observed no such relationship over several 
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days in sheep fed on lucerne hay» Mangan srt al. (1959) observed with, 

a penicillin-treated cow that the increased concentration of lactic acid 

depressed the ¿H despite a lower ©oncentration of volatile fatty acius 

in the rumen. Cason, duty aid Stallcup (1954) olaiued that the £ii 

of the nwm was closely related to the ash content of toe rumen ingesta 

end not to the total fatty acid content of toe ruasn liquor. Kichulson, 

Loosli and Warner (i960), studying toe effect ©f mineral supplementation 

of th» diet ©f calves, reported that toe ru»n depended primarily on 

the concentration of volatile fatty a© ids but that it may also be influenced 

by water and ash contents of the rumen ingesta«

On the other hand Phillipson (1942) found that changes in rumen 

£H reflected toe fluctuation in toe quantities of nmen organic acids 

and that the production of lactic acid was accompanied by an abrupt and 

marked fall in toe He concluded that «the rumen pH can be considered 

only as a general guide to the fluctuation in volatile acids while a drop 

in volatile acids if accompanied by a rise in pH is an indication that 

dilution occurred through drinking water“, Chance £& Si* observed

that was closely related to toe volatile fatty acid form ti on in toe 

runen« Briggs <. (1957) reported that lactic acid exerted a stronger 

effect than volatile fatty acids on th® rumen ¿d and was associated with 

considerably Imw levels than would be f<wd in the rumen without it. 

They claimed that rwa was largely a function of toe level of volatile

fatty acid in toe ruses. Similar observations reported by Balch

and Howland (1957)»
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The evidence obtained in the present study tends to support 

these latter findings. The inverse relation between total WA and 

was manifested over a fairly wide range of values» In the case of lactic 

acid, however, the relation was mt so marked at low £H values particularly 

below 5«2. values of this order were always associated with 

fairly high concentrations of lactic anil and this supports the findings 

of Briggs et ¿1» (1957). This depressing effect on jgH of lactic acid 

compared with WA was particularly evident in the case of calf No. 100 

at 2 weeks and calves No.81 and 84 at 8 weeks and 12 weeks. The 

fact that the already low rumen ¿H hatter' animals did not

show a further fall after feeding, although the concentration of both 

lactic acid aM total WA increased, suggests that at such low levels 

of even very high accumulation of 1 actio acid may have no further 

depressing effect on ¿H. Th® very low pre-feeding rumen observed 

in calf No,84 at 12 weeks, associated with a relatively low rumen lactic 

acid content and a high. total WA concentration, presumably indicates 

that under some circumstances the Utter may also exert a severe 

depressing effect on rumen ¿H.
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SUMMARY

Changes in sone blood and rumen liquor character!sties were studied 

in two groups of 6 Ayrshire bull calves fro© 5 to ¿4 days of age. One 

group was weaned from milk at 23 days; the other was continued on milk 

until 84 days.

There was no significant difference between the groups in bcdywei^it 

at 84 days.

The concentration of blood reducing sugar of th© early-weamd calves 

dropped markedly following weaning. The values for the control animals 

showed a steady decline with age.

The levels of rumen total volatile fatty acids increased with age 

and were significantly higher at 6 weeks in the ©urlyweaned group than in 

the late-waned group. The levels in the early weaned, calves did not 

increase after this point; on the other told levels in the control calves 

continued to show an increase up to 12 weeks.

In both groups the mixture of acids comprised a hi^ier proportion of 

propionic acid and a relatively lower proportion of acetic acid than is the 

case with adult ruminants fed normal diets. In general, the proportion 

of the former tended to increase while that of di® latter tended to 

decrease after feeding,
There was a high concentration of lactic acid in the rumen of 

animls in both groups immediately after feeding; the relative effects of 

lactic and total volatile fatty acids on the rumen ¿¿I are discussed.

The results of this study indicate that adult blood and rumen 

characteristics can be induced in the calf at 6 weeks of age by the

early withdrawal of liquid feed from the animal’s diet.
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APPSKSIX A



References : SoBogyl, M» (l%5h
(1952) t

Nelson, ». (1944) i

J. Biol. Ghea., 69.
3, Biol, Ghem., ¿22, 19.
J. Biol. Chem., lai» 575

saaasw
1, Solutions for the orecipit&xxon of blood, proteins.

a) Barium hydroxide (0,3» approx.) stored in a reservoir 
attached to a burette and protected from ataospheric 
carbon dioxide«.

b) bine sulphate. A solution of approximately (w/v) 
a^Q^.7HgO was made up and -fee concentration adjusted 
so that 5 al kplus about 50 mi water and 2 drops of 
phenolphthalein indicator) when titrated with th® 
bariu® hydroxide solution required 4.8 to 5 ®1 of tte 
latter to produce a pink colour that persisted for 1 
minut®. The barium hydroxide solution was added 
dropwise with contimous shaking.

2. A, 24 g anhydrous sodium carbonate,
1 .2 g iochelle salt and
16 g sodiu® bicarbonate were dissolved in about 250 ml 
distilled water.
144 g anhydrous sodium sulphate were also dissolved in 
about 400 ml hot water, boiled to expel air aM cooled. 
Both solutions were comblnsd and diluted to 300 ml with 
distilled water and stored in a stoppered bottle on 
an oven.



2. B. 4 g copper sulphate (CuSO,5BgO) and
’>6 g anhydrous sodluo gulphat® war® dissolved in 
water and made up to 200 al.

b—-4 parts of solution A and 1 part of solution 3 
were ssi»d together just before us®.

3. Arsenoapjyb^

25 £ »simaniutK molybdate were dissolved in 
450 ml water and 21 al concentrated sulphuric 
acid added with constant stirring.
3 g sodiu® arsenate dissolved in 25 M water 
were also added with stirring and the solution 
stored in an saber glass-stoppered bottle after 
incubating at 37° 24 hours.

Using a folin-im blood pipette, 1 ml of blood was added 

to 10 ml water in a test tube which was then agitated. Two 

ml each of the sine sulphate and barium hydroxide solutions were 

added and ths tube shaken vigorously and left to stand for a short 

time. The content was then filtered through Whatman No.42 

filter paper.
Two nd of the filtrate were introduced into a ?olin-eu 

blood test tube and 2 ml of Mature of solutions A and B 

added. Th® 'Ube was covered with a glass bulb and heated in 

boiling water for 10 sb. »* Wo 811 of

molybdate solution were added and the tube agitated gently to 

dissolve the precipitate. The solution was then diluted to 25 ml 

with water and ths tube again gently shaken.
The colour density was read in a WCAM 600” spectre-
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photometer at & transmission. of 600 &p. The blood sugar 

values were ampuUd from th® blank and gUcose standard 

determinations which «re run with every bated of blood 

sample8.

Referencest McAnally (l%4h J. Exp. Biol., 2Q, 1J0.
Madan et al* (19^) s W* Biol*, M» I»*

Reagents? Saturated mgmisium sulphate solution containing 
2*5^ (v/v) eons. sulphuric acid.
0.1 H (approx.) sodium hydroxide solution protected 
from carbon dioxide with soda lime tubes.

Method.: The procedure is detailed in the text (p.50).

The Betam^tion I<ivi^Oo^^

References Modified from Aissaan and Irvin (1957).
J. ^ood Chea., 213-

Materials and Reagents J
□elite (John amville’s analytical filter aid.) 
Petroleum ether (60-30°) - Amlar grade.
Acetone w *
Cresol red indicator. 1.3 si of 0.1F sodium hydroxide 

solution were added to 50 of 0-eresol
sulpMnphthalein in 20 ml alcohol and made up to 
50 al with water.

Sugar (extra fine granulated sucrose).



Alphastoe red-1 indicator. 0.4 g in 100 ml of water.
0.1 N Sulphuric acid*
Sodium sulphate, arhydrous powder, 
.ammonium sulphate, anhydrous powder.

Adsorbent. 12 al of alphasdne red*! indicator were mixed in 
a 100-®l beaker with 30 ml of sugar solution (2 parts sugar 
to 1 part viatez* - by wight) and. 0.5 ®1 of 0.1 N sulphuric 
Mid, resulting in a stationary phase of approx* 5^ 
sugar solution. This mixture was »lowly added to a 
swirling suspension of 75 g «elite in 750 ml petrols»» 
athsr/aoetoms solvent, 1 to 1 V volume, in an 
autt^ixer. Stirring was continued vigorously for 
3 min. the adsorbent was stored in a glass-stoppered. 
Mwhester bottle in a refrigerator when net in use.

Developing solvents« Various percentages by volume of ate ton® 
in petroleum ether as follow»:

1% (BA,) for eluting butyric acid fractions

(M$) for eluting propionic acid

10 or 15% (BA10 f®r wU’



To prevent gradual removal of water from the oolite column 

by dry eluents, concentrations above were equilibrated against the 

static phase as followss four litres of solvent were stirred vigorously 

in a separating funnel with 100 ial of sugar solution to which had 

been added 2 ml saturated barium hydroxide solution and a few drops of 

cresol red indicator to free the solvent of carbon dioxide and trices 

of acid. The solvent was left to settle, the sugar solution run off 

and the solvent freed frat suspended droplets passing it through 

filter paper.

Sufficient adsorbent slurry was introduced into a well clasped 

chromatogmphio glass tube (13 ma internal diameter and 50 os long) to 

full capacity. The bottom of the tube was plugged with acid-washed 

glass wool. A temping glass rod was then lightly passed through the 

slurry to dislodge th® trapped air bubbles. With th® stopcock at ths 

bottom of the tube open, a pressure of 15 lh/»^« in» transmitted from 

a nitrogen cylinder to the top of ths ehromatographio tube to compress the 

adsorbent to a fixed volume in a rapidly moving solvent stream, and 

released when the solvent was expressed to the top level of the adsorbent. 

The uneven surface of the adsorbent was levelled by light tamping with th® 

glass rod. B^ was added in a fine stream down the side of the tube 

to a depth of 5 ca thus isolating the adsorbent surface from further 

turbulent effects. Sight grams of a mature of sodium sulphate,
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oelite and asmoni.ua sulphate in proportions of 12:3:1 ("cap material") 

we added aa a slurry in about 25 al of BA». Pressure was applied 

to compress th© cap mterial and. approximately 75 ml SA, were forced 

through the column to remove th® BA_« solvent initially ©resent. This pv
gave a slightly darker tint of indicator on the adsorbent, The 

supernatant liquid. was run off to the level of the c ap material. the 

pressure removed and the stopoock closed.

Preparation of. the sample mterial

Sscess 0.01» solium hydroxide solution was added to the titrated 

total volatile fatty acid distillate which was then evaporated to about 

1.5 ml. 0.2-0.5 al N sulphuric acid was added to the sample which was 

then ready for analysis.

to the telw

A cavity extending about twopthirds down th® centre of the cap 

material was made with & pointed glass rod and enlarged sufficiently 

to permit the 2 al sample to below the surface. The seapl® was then 

drained into th© cavity from a 2-sl pipette and the sample bottle 

rinsed with 5 x 5 isl of BA. . A metal cap material stirrer with a 

tamp Oiso was poised just above the cavity) the stirrer actor was 

started and the chromatographic tube saved repeatedly up and down 

so that the spinning disc homogenised awl» eap material.

>» disc was then permitted to spin itself free ef the cap material 

and rinsed with Wk after th® noW was stopped. The ohromatographie

asmoni.ua
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tube we clamped and the cap material compressed to a height of about 

5 cm by light taps with a tanking rod which was also rinsed after use.

Station
Ji press-ore of 1-2 Ib/aq. in. was applied on th© colusm from 

the nitrogen cylinder to give a rate of 2 to 3 drops of eluent per 

second. BAX eluted butyric acid fractions, th® progress of the 

acids down the column being shown by a change in th® colour of the 

iwHmt.gr from orang© to blue. sone of butyric acid was followed 

by propionic acid and acetic acid son s in that order and the 

coll gating flasks were changed she® the face of a sene *&3 about 

1 cm fro» th» glass-wool plug at th® bottom of the tube. Fifty ml 

gf boiled carbon iodixde-frea water and 2 drops of cresol red 

indicator were added to each acid eluent in a 250 ml conical flask 

and carbon dioxMe-free air bubbled through for 5 »in before, and 

during the titration with 0.005 K sodium hydroxide solution. The 

mterial was stirred luring the titration with a poetic stirrer. 

Reveries of total acids eluted were eelouJsted on the total volatile 

fatty acid values.
four columns were run simultaneously and the elution of

acids from them took between 2i to 4 hours.
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Ss-^erm^ti^nj^actu^cid^^

References: Barker and Summer sen (1941): J. Biol. Chern., 13,8. 535 •
Eleden (lW5h J* W* Biol»» 51»

Reagents:
20,< (w/v) CuSO^HgO in water

4% ( " ) CuSO^KgO
1O< ( " ) suspension of calcium hydroxide powder in water 
1.5? p-hydroxydiphenyl in 0.5NKa0K **® prepared as 

follows:

0.5 g NaOH were dissolved in 10 ml hot water.
1.5 g p-hydroxydiphenyl wore dissolved in this solution 
which was then sad® up to 100 ml with hot water. The 
reagent ms stored. in a dark bottle in a war® plass to 
prevent crystallisation.

Method: The precipitation of the proteins and sugars in the rumen
liquor was mentioned, in the text.

One ml of the filtrate obtained was pipetted into a glass- 
stoppered test-tubs, 0.05 M of «W» sulphate solution 
added and the tubes stoppered and cooled in ice. Six ml cone, 
sulphuric acid wre then run from a burette into the tubes 
with constant shaking of the latter which were imediaUly 
cooled in ice and than heated for 5 sin* i» boiling water and 
cooled in cold water. 0.1 *1 of p-hydroxydiphenyl reagent 
was added and the tubes rapidly agitated to disperse the 
precipitated reagent. The tubes were then placed in a 
beaker of water at J0° for f h again heated in boiling 
water for 90 seconds* After the tubes were cooled, the 
samples were transferred into *UMCAM" cells and the colour 
read 1» the spectrophotometer at a transmission of 560 m^.

Blares and lithium lactate standards were also run
through th® method, with the samples.



Sample solution Density 
reading

Lactic acid 
value 

(mg/100 ml)
Recovery

1 al standard (§0 g/sl) 0.079 5.00

1 ml Test Sample A 0.031 1.58

1 al Sample A containing
1 ml of Standard 0.117 7.00 106

1 ml Test Sample 3 0.040 2.53

1 ml Simple B containing
1 al Standard 0.113 7.15 95.0

1 ml Teat Sample C 0.017 1.08

1 ml Sample C containing
1 ml Standard 0.98 6.21 102.1

Using 100’ trichlor o~ Using SLsden’s (1945)

Sample solution
acetic. acid .. ...  

Density fading (mean) Density reading (mean,

Blanks 0.089 0.095

Standard (50 g/ml) 0.182 0.186

Rumen liquor sample A 1.350 1.360

» «eg 0.185 0.186

» M W Q 0.208 0.203
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APPENDIX TABLE 1

Consumption of Liquid ¡hole Milk by Calves 
(lb)

Treatment Calf L
No.

Days ___ 1 Daily 
mean3-14 14-28 28-42 42-56 56-70 70-84 3-84

K97 56.0 104.8 112.8 127.7 130.2 130.2 661.9 8.2

94 57.0 112.8 125.9 140.7 143.2 143.2 722.9 8.9
100 60.8 119-7 130.2 142.0 144*6 144 • 6 74L. 3 9.2

Control 85 LIO.4 130.2 147.6 147.6 147.6 147.6 830.8 10.3

87 103.6 121.5 138.9 138 9 138.9 138.9 780.6 9.6

88 120.2 144.6 154.6 156.2 156.2 156.2 888.2 11.0

Mean 84.7 122.3 135.0 142.2 143.5 143-5 771.0 95

K95 45-5 86.8 132.1 5.3

99 54.6 104.2 158.7 6.4

98 47.4 95.5 142.9 5.7

Expt. 81 88.0 104.2 Mik withdrawn from calves’diet 192.2 7.7

83 79.9 92.5 172.5 6.9

84 84.4 98.4 182.8 7.3

Mean J 66.6 96.9 163.5 6.5



APPENDIX TABLE 2

Consumption of Concentrate Feeä by Calves 
(lb)

Treatment « Days ........ ..... ........ ......Baily 
naan __3-14 14-28 28-42 42-56 56-70 70-84 3-84

K97 0.22 1.5 8.2 12.8 16.4 19.6 58.7 0.73
94 0.11 0.9 7.9 9.7 15.5 19.0 53.2 0.66

100 0.24 1.3 9.0 15.3 21.1 23.9 71.9 0.89
! Control 85 0.44 5.5 11.9 14.9 16.7 18.7 68.2 0.84

87 0.31 5.6 8.5 13.5 13.9 17.5 59.3 0.73
88 0.33 5.6 9.0 13.8 17.3 18.9 64.9 0.80

Mean 0.28 3.5 9.1 13.4 16.8 19.6 62.7 0.78

K95 0.17 5.4 15.4
99 0.11 8.2 21.8 42.8 49.7 56.8 179.4 2.22

98 0.38 8.1 21.8 42.9 50.7 56.8 180.7 2.23

Experi
mental 81 0.36 6.0 25.3 40.0 49.8 55.6 177.1 2.19

33 0.38 4.2 21.1 38.3 48.4 55.1 167.4 2.07

84 0.44 6.3 25.0 39.9 49.7 59.9 181.2 2.24

Mean 0.31 6.4 21.7 40.8 49.7 56.8 177.2 2.19
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APPENDIX TABLE 3

Liveweights of Calves (lb)

Treatment
Calf 
No.

Idveweights Liveweight gains Daily 
gains 
3-84 
days3 14 28

Days
42 56 70 84

I
>28

Period, (d 
28-56

ays) 
56-84 3-84

K97 59.0 57.5 62.3 80.0 94.3 1Ó&.0 134.5 3.3 32.0 40.2 75.5 0.93

% 68.8 73.5 72.5 93.0 107.5 122.0 153.5 3.7 35.0 46.0 84.7 1.05

100 79.5 73.3 73.8 94.3 113.3 124.5 156.5 -0.7 34-5 43.2 77.0 0.95

Control 85 79.5 87.3 97.5 121-5 139.0 156.8 197.8 18.0 41.5 58.8 118.3 1.46

87 71.0 75.5 92.8 99-0 109.0 123.3 143-8 21.8 16.2 34-8 72.8 0.90

88 92.0 97*8 H5.5 134.5 152.0 176.0 212.0 23.5 36.5 60.0 120.0 1.48

95 63.0 60.3 70.5 73*5 *• «■ »»
1

7.5 «V <m *•

99 77.8 75-5 92.3 95.0 119.5 121.5 147.3 14.5 27.2 27.8 69.5 0.36

Experiment 98 66.5 66.0 82.5 88.0 114.0 120.0 149.0 16.0 31.5 35.0 82.5 1.02

81 81.0 84.8 97.3 108.0 124.0 145.0 169.0 16.J 26.7 45.0 88.0 1.09

83 68.3 72.5 77.3 87-5 99-5 117.3 132.0 9.0 22.2 32.0 63.7 0.79

84 73.0 78.3 87.5 94.5 109.0 128.3 152.0 14.5 21.5 43.0 79.0 1 0.98



xiii.

APPENDIX TABLS 4
Body Measurements of Calves (ca. )

ïmuwiî. Cait 
w

Beis&t at wuæra EaartSirti. W JttflL——
Initial day Sain. Initial a^th eay (¿la initial %ih SW (bin initial SUtfc W «MM initial

K 97 61.0 78.8 17.8 62.0 75.0 13.0 68.5 89.0 20.5 6S.5 lflfe.3 3S.8 14.0 20.0 6.0

9^ 63.8 78.3 IM 65.0 78.8 13.8 70.5 ^.0 23.5 72.8 »M 32.0 e.5 20.3 4.S

100 66.0 32.5 16.5 69.« 78.5 8.7 76.0 93.8 17.8 75.0 Ä5 ^.5 16.5 21.5 5.0

contro1 85 69.5 88.8 19.3 68.0 80.5 12.5 77.0 102.0 25.0 78.0 120.0 1*2.0 15.5 22.5 7.0

87 €5.5 80,0 SM a.3 79.3 11.0 Tts.O 93.3 19.3 73.3 122.0 ».7 16.5 IM 6.0

81 70.5 96.0 25.5 71.5 SM 12.8 80.5 107.0 26.5 79.0 tö.o 17.5 25.0 7.5

95 61.0 » •» 65.5 ® 4» 73.0 » * 72.5 fl» «• 3^8 » <K>

99 68.5 82.0 13.5 67.5 76.8 9.3 77.0 90.5 13.5 TM 1Ö&.5 3M 17.5 21.0 3.5

SS 60.5 79.0 18.5 @.0 77.5 9.5 75.ß 93.5 18.5 72.5 113.0 W.5 15.5 «1.3 M

j Experimental 81 66.0 83-5 17.5 a.o 80.0 12.0 77.0 98.0 21.0 77.0 121.0 a.o 17.5 23.0 M

S3 68.0 78.5 10.5 67.0 75.0 8.0 69.5 89.3 19.8 69.0 107.0 3M 16.5 20.0 3.5

62.5 Tfc.O 11.5 67.5 77.3 9.« 72.0

Î

90.5 18.5 76.5 U9.0 ^.5 15.3 19.0 3*7

... 1



xiv.

APPENDIX TABLE 5&

Concentration of Blood. Reducing Sugar (mg/100 ml )

reriod 
(week)

Tim 
after 

feeding 
(hr.)

control Calve« EXpertmntal Calves
Resms94 100 »an K95 99 98 Mean

Calves sc®HF8d severely.
and m-feeding 71.7 83.0 74.0 76.5 71.1 76.3 72.6 73.0 Pearly ureaeiviKi sawnles.

Pre-feeding 75.6 B.T 73.8 74.4 16.9 76.2 76*8 76.6
1 157.3 91.1 93.6 107.3 120.2 107.1 89.2 105.5 Experimental calves

■Uh 2 91.0 306.3 115.6 104.3 110.3 94.0 93.0 99.1 waned off milk after
3 a» 96.6 99.1 98.9 91.7 87.4 70.2 83.1 «pii ng.
4 85.7 90.1 95.9 90.6 81.9 83.1 80.0 81.7

m-fwding 70.7 77.9 77.1 73.9 71.0 61.8 «2.3 65.0
1 174.1 221.1 105.4 133.5 79.6 7®.l 71.6 74.4 Sorted «»iole ®ilk wtthSiwm

Uh 2 129.6 121.6 103.0 118.1 74.7 78.2 74.8 75.9 fra» cantre 1» - replaced
3 «5.3 97.1 82.8 88.4 73.7 76.0 74.3 74.7 with Mtpiid whale milk.
4 79.7 91.5 §4.9 85.4 73.7 78.9 cawing persisted especially

in canali»»

Pre-feeding 74.4 80.3 80.6 79.4 Died 69.9 68.7 69.3 (3 i amine ration left
1 127.5 100.7 123.7 117.3 Wo 72.1 73.8 73.0 tgr all calves before

8th 2 W.7 101.7 101.7 109.0 •» 69.9 72.2 71.1 «sapling and all were
3 115.® 504.4 91.7 103.8 * 72.4 72 .4 72.4 mtnating before sacpling.
4 85.0 84.6 79.6 82.9 «► 70.4 70.2 70.3 UUle concentrate diet ms

eaten within first hour of
Mwplins.

m-ftwdw 8t>.6 83.3 16.1 80.7 «5 63.2 66.2 64.7
1 0.9 112.3 321.9 132.0 •» 62.9 71.4 67.2

10th 2 363.0 101.6 119.7 128.1 * 76.9 77.9 76.4
81.3 84.7 87.3 w 69.6 74.1 71.9
33.8 84.7 80.8 8J.1 d» 71.6 72.1 71.9

> re-feeding 78.8 * 74.3 76.5 * 65.5 64.0 64.8
1 121.1 83.6 119.1 WB.0 a® 70.6 83.6 77.1 All morning ration

12th 2 105.8 96.5 M1.3 101.2 «k 84.8 84.7 84.8 consumed before sapling
3 «.5 84.5 90.4 86.8 » 85.0 79.3 82.1 tise.
4 81.0 92.2 39.4 87.5 Ok 72.2 68.2 70.2



APPENDIX TABLE 5b
XV.

Concentration of Blood deducing Sugar (mg/100 ml)
Series^

Fericd 
(we*«) after 

reading 
(hr.)

Control calws E?8»rlH0Btal Calve«

Remits«te w 88 Mem kbi 83 84

rrö^IwSl!^ 86.0 82.7 B9.0 85.9 86.7 88.2 90.5 88.5
1 93.2 81.« 101.0 91.9 102.2 128.3 105.1 111.9

aid 2 90.2 85.7 91.6 103.0 118.1 93.0 104.7
5 88.2 66.1 94.8 89.7 £6.4 111.8 90.8 %.3
4 91.2 83.7 87.9 87.6 78.3 80.7 85.8 84.9

ire-feeding 84.4 80.5 85.3 83.4 88.8 85.3 84.6 36,2 atpertaenul
1 94.6 108.0 112.5 105.0 115.8 92.7 89.3 99.3 salves off

4th a 119.0 112.0 139.8 123.6 127.8 90.4 163.7 107.6 »ilk after
3 90.4 102.9 97.1 96.8 100.9 9®.l 106.7 99.9 8W1ÌS&«
4 90.6 97.7 92.9 93.7 93.6 82.9 92.1 89.5

ire-feeding «4 79.7 81.5 80.8 78.3 69.1 73.3 74.6
1 119.9 112.7 102.9 in.§ 80.2 71.9 76.4 76.2

6th 2 109.9 10S.9 105.8 108.4 83.2 72.7 70.3 75.1
3 95.2 35.4 95.0 §0.5 70.7 71.9 74.2
4 87.4 86.4 89.2 87.7 83.3 70.3 69.3 74.3

ira-feedina 83.1 74.0 75.9 77.7 71.7 64.4 65.7 67.3
1 105.7 108.1 104.6 106.1 74.9 66.2 66.2 69.1

8th 8 87.7 98.1 99.9 95.2 82.5 72.3 64.6 73.1
Ì 79.5 85.5 83.5 83.1 81.1 62.8 65.7 69.9
4 • 77.8 78.2 78.0 ®» 66.3 « 66.3

77.7 77.0 79.4 81.6 68.9 72.6 74.4
1 1B.5 98.1 102.2 101.3 79.0 67.3 72.9 73.1

1OÜ1 t 88.9 88.1 92.1 89.7 83.7 63.9 70.0 72.5
34.1 83.6 86.6 88.1 81.7 63.1 77.4 74.1
96.2 79.0 83.2 06.1 33.3 64.0 71.3 72.9

79.7 70.5 72.8 74.4 77.6 68.5 65.6 70.6
l iee.s §3.1 96.0 §8.3 B.9 68.7 68.2 70.9

mh & M0.® 72.2 79.2 84.1 79.2 67.2 72.0 72.8
3 86.1 70.1 76.8 77.7 74.3 $9.3 73.5 72.0
4 64.2 70.1 73.9 76.1 75.2 69.1 72.7 7A.3



xvi.

APIWDIX TABLE 6a

pH of Total Volatile Patty Acid and Lactic Acid. Concentration in lumen Liquor

Fertal calf no.
a 

freawnt

PH m (BM301/1) tactic Acid (ag/MO si)

Tim after feeding (hr) Tin» after feeding (hr) Time after feeding (irj
0 1-2 3 4 0 1-2 3 4 0 - .1-2.. . . 3 .. .. .

w 6.40 540 5.20 5.27 61.1 96.6 113.4 84.5 2.04 13.83 S.78 9.54
2nd CW— % 6.57 5.53 6.30 6.50 40.3 49.6 56.8 47.6 r^0.2O 15.52 0.87 0.00

trol 100 4.75 5.00 5.70 6.02 112.6 W3.9 69.7 59.3 ¿1.53 1.79 0.87 0.46
T> go 44

95 7^0 6.55 5.88 6.27 29.4 37.7 47.8 53.1 0^1 11.73 15.92 3.62
Exp. 6.37 5.95 5.25 5.95 81.7 93.9 98.1 106.9 3.26 26.17 31.68 4.63

98 7.80 6.52 5.60 5.52 43.3 61.1 91.1 88.2 
SI

1.33 13.74 3.67 3.!»

97 7.10 5.70 5.49 5.35 31.2 62.1 99.9 85.7 1.58 2.82 14.70 13.53
C<®- 94 6.37 6.;© 5.67 5.90 57.6 62.6 62.8 49.8 8.98 6.48 5.97 6.43

Mb trol WO 5.77 5.55 5.56 M 90.6 103.6 87.0 4.90 1.12 2.76 3.00

95 5.35 5.18 5.10 5.15 98.4 188.5 139.2 118.5 0.61 2.86 5.00 4.03
w. 99 5.60 5.38 5.05 4.95 108.4 127.3 133.8 146.4 5.51 7.71 51.63 14.44

98 5^2 5.30 4.98 4.97 115.5 127.5 133.0 131.8

97 5.62 6.05 <» -/sw 80.0 74.7 * 119.3 20.® 9.29 4» 19.80
CW 94 5*18 5.76 «e 5.57 81.7 87.7 * 102.4 9.30 12.09 * 3.37

6 th trol 100 6.00 5.3© «* 5.25 63.1 112.9 «• 111.6 2.83 6.64 «e 6.18

95 $.35 5.15 5.04 117.5 141.9 «• 147.9 3.98 6.84 «» 4.95
63^. 99 5.90 4.90 *» 5.05 92.1 146.2 a» 163.8 18.54 63.26 14.70

98 6.13 545 *» 5.25 96.9 131.0 •m 164.9 21.53 10.21 * 13.16

97 5.65 5.15 5.25 5.75 93.9 108.6 98.6 97.0 14.54 24.29
Cort- 96 5.90 6.56 5.95 6.90 70.0 59.8 75.7 32.1 3.42 3.93 2,45 2.50

ata trot 100 6.02 5.10 5.23 5.25 87.7 153.4 134.8 114.0 4.49 3.11 4.03 2.85
?i 1' 4 321*» 7 - ? ?n-<

95 •* *► w w «» «w * w>
EXp. w 6.32 5.70 5.77 5.80 93.6 122.2 115.8 117.8 5.O3 12.55 5.15 2.39

5.47 6.23 5.70 5.55 131.5 M2.4 101.9 117.0 4.95 1.50 10.56 8.72

97 6.50 5.12 5.45 5.32 80.7 161.4 117.0 158.4 0.79 40.61 3.00 5.C5
C@B- 9b 6.07 5.23 5.70 6.05 96.1 145.2 117.5 110.9 0.69 12.80 2.17 0.00

12th trol 100 7.10 5.95 5.85 5.95 60.6 116.5 105.1 94.9 0.03 14.00 10.00 4.12

95 *
EXP. 99 6.17 5.40 5.35 6.00 99.1 132.8 151.4 136.5 4.05 20.17 3.51 0.99

98 6.90 5.33 5.60 5.43 81.7 140.7 129.8 «9.2 1.00 14.90 9.20 5.50



APPENDIX TABLS 6b

pH of Total Volatile Patty Acid and Lactic Acid. Concentrations in 
llumn Liquor

juried 
(W&k)

Calf 8». Birt
Treat»eat

____ -M—_- tacM« actC ta/lOO ®1)
Tiw sfter fsedUs (hr) n®« after testa- Ot) gfter feeing (hr)

0 1-2 ft 0 1-2 ft W ft

K 85 6.^ M7 5.25 81.6 3-3.9 3.39 15.61 13.16
ean- 8? 6.« 5.65 6.13 58.9 74.7 67.1 2.07 17.52 1.7ft
trol 88 5,70 M3 5.15 58.7 80.3 7ft.5 2.73 %»17 8.92

Mt 81 6.05 ft.ao 5.15 55.6 tM 65.0 2,67 27.15 2^3
83 5.« 5.02 M® 47.2 5®.ft 80.5 2.99 33.08 47.9B

F^cp. 8/4 S.fto ft. 93 4.8© a$,0 55.6 57.6 0.98 ^.74 24.69

SB 5.35 5.29 s.fto 98.2 106.8 90.1 1.9ft h.7^ Mt
CO»“ 87 6.35 6.15 6.60 74.0 98.2 68.3 0.05 0.J58
trsl §8 5.60 5.18 7?. 1 13ft.ft 122.2 0.86 Z7.3£ 7.16

. Wi 81 3.85 5.58 5.90 7M 102.0 91.0 0.38 4.«
EXP. 33 5.65 5.35 5.95 81.9 114.3 91.3 9.36 5.43 2^2

8ft Ms 5.10 5.49 76.7 124.8 113.4 0.16 6.78 1.61

85 6»fti 5.50 5 .40 67.5 95.1 61.3 3.50 13.60 19.70
CW 87 5.27 4.95 68.8 120,9 124.6 0.40 1.03 6.21
trol 6.00 5.30 5.45 90.1 109.2 8ft.l 1.72 1.72 0.75

fith 81 6.05 5.05 5.15 105.5 143.7 154.3 5.63 6.38 29.88
sxp. 33 6.25 ft. 73 5.23 M.o 171.0 133.1 1.27 15.00 ft.60

8ft 5.85 5.35 5.60 116.2 Wft.0 139.2 0.75 17.99 11.30

85 5.ao 5.10 5.33 84.9 134.2 128.3 1&.G0 31.90 7.20
CW 87 6.12 5.10 •» 72.4 147.4 ee 8.20 15.70 SB

88 5.57 5.20 0» 93.3 142.8 6.50 «7.70 a»
2 5 »» 4 kW* * i8' i

81 5.08 ft.90 4.85 lftS.6 166.4 190.0 «.10 64.30 ft.94
S3 6.30 4.« 5.00 83.5 142.8 lftft.2 8.22 S2Jj9 5.10
8ft ft.95 ft.« 5.50 143.0 161.4 1U.4 68.50 5.58

kiS. L

35 5.80 5.20 5.70 95.9 140.5 107.8 ft. 12 9.56 5.77
Car 37 5.40 5.« 5.15 94.2 130.9 145.1 6.05 21.55 kt56
Uwl 38 6.Cb 5.57 5.50 78.9 113.6 K5.S 3.13 4.56 4,76

12th 81 SM 5.30 5.35 120.9 147.0 150.8 S.% 3M7 4.12
83 5.37 5.« 5.13 111.4 159-3 178,3 3.52 56.32 5.61
% 5.15 5.15 S.ftO 133.5 150.4 127.3 3.19 55.39 ft.87






