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INTroDUCTION 

Ruminants subsist on fibrous plant feeds not normally consumed by 

man. They transfonn inedible ani uniigestible plant material into palatable 

and. digestible human food. Their meat and milk are rich souroe s  of essen­

tial amino-acids, vitamins and minerals. These foods are natural supplements 

to the human die t  which is predominantly of plant origin. 

Interest in the nutrition and digestive phy siology of ruminants has 

resul ted in the aooumula tion of a voluminous literature which ha s  been 

reviewed by Annison and Lewi s  (1959), Barnett and Reid (1961), Blax ter (1962) 

ani Kay and Hobson (1963). This interest has also prompted two recent 

interna tional symposia, the proceedings of which have been edited by L ewis 

(1961), and Dougherty, Allen, Burroughs, Jacob son and McGilliard (1965). 

Ma ture ruminan ts are assumed to have t he same basio nutri tiona! re­

quirements for ene rgy ,  amino-acids, vitamins, minerals and water as do the 

simple- stomached animals. Their digestive juices, like those of all other 

mamnals, do not contain any cellulases. An ex tensive microbial population, 

loca ted largely wi thin the rumen, and to a lesser extent in th e  caeoum and 

colon, enables them to thrive on fibrou s plant feed s that are frequently 

deficient in same of ihe essential amino-aoids and water-soluble vitamins. 

Ingested solid feeds enter direotly into the rumen, where they are 

held and fennented. Initially oelluloly tic mioro-organisms erode the cell 

walls of plant ma terial and expose the oellular conten ts to oontinued 

fermentation. Only a small proportion of dietary nu trients survive the 
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microbial activity of the rumen. Proteins are first hydrolyzed into amino­

aoids, short-chain fatty acids and. amoonia. These degradation products, 

together wi. th the non-proteinaceous nitrogenous oanpounds of the feed and 

saliva, are then resynthesized into bacterial and protozoal proteins. The 

amino-acid requirements of ruminants are believed to be met by the digestion 

ani absorption of these microbial proteins in the distal portions of the 

alimentary traot in a manner similar to that found in simple-stomached 

aIri.ma.l.s. Among the products of rumen fermentation are the steam volatile 

fatty acids ( referred to from here on as the VFAs) , water-soluble vitamins 

and vitamin K. The VFAs are absorbed directly from the rumen and serve as 

the major souroe of energy in ruminants (Oarroll and Hungate, 1954; Baloh, 

1958; Blaxter, 1962). Essential amino-acids, water-soluble vi ta.mins and 

vitamin K are apparently produced in suffioient quantities in the rumen to 

meet nutritional requirements, since under normal feeding oondi tions mature 

ruminants are not known to suffer from any of the deficiency diseases 

associated with these nutrients in simple-stomached animals. 

The Rumen in Adult Bovines 

The fully-developed rumen oocupies most of the let't half' of the 

abdaninal cavity and its ventral aspect extends well beyond the median 

plane (Sisson and Grossman, 1953). In mature oattle the ruminoretioular 

volume, as detennined by its oapacity to hold water, ranges fran 100-200 

lit and represents approximately 85 % of the total stomach capac ity 

(Warner and Flatt, 1965). The rumen is lined with a non-glandular, 

keratinized, squamous epithelium which is thrown up into numerous f olds 

and papillae. Although this epithelium is incapable of secreting any 

digestive enzymes, its vascularization and histological structure indicate 

an absorptive capaoi ty (Dobson, Brown, Dobson and Phillipson, 1956). 
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Three major blood vessels drain the rumen, namely, the right ruminal,­

the left ruminal and retioular veins. These veins are valved and reoeive 

oontributions fran other parts of the visoera.. All three veins eventually 

oombine to form the gastrio vein, which is deeply embedded in the oormeotive 

tissue of the portal fissure. This vessel in turn joins the anterior 

mesenterio vein, which oolleots the effluent blood fran the entire intestines 

.... wi th the exoeption of part of the duedenum and reotum, to form the portal 

vein (GrossIlWl and Sisson, 1 953). 

The rumen has a oons tant temperature of 3900 and offers a near-ideal 

environment for the oontinuous growth and development of anaerobio miorobial 

populations (Annison and Lewis, 1959). Nutrients, water and saliva enter 

the rumen and metabolic end-produots are prevented fran aooumulating by 

eructation, passage of fermented food to the distal portions of the 

alimentary traot, and absorption through the rumen wall. This seemingly 

simple symbiotio relationship between host and miorobial populations is 

coordinated by a number of complex physiological phenomena that include 

the regulation and oontrol of feed and water intake, absorption and utili­

zation of fermentation products, eructation of gases, rumination and rumen 

movements, seoretion of saliva and pH changes of rumen oontents. 

The VFAs (aoetic, propionio and butyric acids) are among the most 

important products of rumen fermentation. Al though both soluble and 

insoluble oarboJ.vdra tes are the major souroes of these aoids, they oan also 

be produced from the protein and lipid fraotions of the diet as well 

(Annison and Lewis, 1 959; Barnett and Reid, 1 961 ). MaAnally and Phillip­

son (1 942) first demonstrated the transfer of these acids across the 

rumen wall by their appearance in rumen effluent blood of anaesthetized 

sheep. Annison and Lewis (1 959), Barnett and Reid (1 961 ), Dobson (1 961 ), 
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Blaxter (1962), Warn er (1964) and. Annison (1965) have reviewe d the literatu re 

ooncerning th eir produoti on and ab sorp tion. 

The Rume n in Oalve s  at  Birth 

The rum en in oalve s at b irth is sma ll an d  un devel ope d, and. is tuc ked 

away in the anteri or dorsal asp ect of the abdo minal cavity ( Tama te, 

McGill iard, J aoob son and. Ge tty, 1962; Sisson and Grossma n, 1953). Rumen 

volume range s f'rom 0.5-1.6 l it, and. re pre sents a.ppro xima tel y  one third of 

the to tal s tomaoh capaoity (Warne r, Flatt am Looal i, 1956; Tama te e t  al. , 

1962). The rwne n  wall is th in am the pap illae on its inne r  surface are 

short an d  Wldevel ope d  (Warne r e t  al., 1956; Tamate e t  aJ., 1 962). Brownlee 

(1956) and W arne r et ale (1956) ob serve d a high degre e of papil lar,y devel op­

me nt in oal ve s fe d on high-ooncentra te lo w-fibe r die ts and sugge ste d th at 

the produo ts of rume n f'enne nta ti on act as the primary stimul i  for rumen 

devel opm ent. Thi s h3P othe sis has since been conf inne d and th e active 

pri nciple s identified as the WAs (Flatt, W arn er and Lo osli ,  1 958; Sande r, 

W arne r, Harri son and Lo osli, 1959; Tama te e t  al. , 1962). The e xperime nts 

of Harr ison, W arne r, San de r  and Loosl i (1960) furthe r im icated a regression 

of rume n papill ae in calve s  tha t were chan ge d  from a diet c ontai nin g hay 

and co ncen tra te s to one that wa s  canp osed of milk onJ..y, thu s indioa ting tha t 

an ac tive rume n fennen tation was e ssen ti al for the ma intena nce of rum en 

papil lae. W arne r  and Flatt (1 965) have reviewed the literature dealin g with 

the anatomical de ve lopment of the rum ina nt sto mach in a pape r pre sented at 

th e  Se cond Interna ti onal Symposium on the Phy siology of Digestion in the 

Ruminan t. 

Calves are almo s t  enti rely dependent on col ostrum and. milk for th eir 
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supply of nutrients dur:il1.g the first few days of post-natal life. These 

feeds enter direotly into the abomasl1ll (Watson, 1944; Oomline and Ti tehen, 

1951, 1961),  and are digested and assimilated in a manner similar to that 

founi in simple-stanached animals (Tagwerker, 1961).  Numerous studies have 

been conducted on the nutrition of the calf and on the functional develop­

ment of the rumen. The results of these studies were reviewed by Tagwerker 

( 1961), Preston ( 1963), Kay and Hobson ( 1963) and Roy (1964). There is a 

pauci ty of infonna tion however on the absorp tion of WAs from the runen of 

young calves. 

Volatile fatty acid absorption in young ruminants has b een studied 

in conscious and anaesthetized preparations either by the disappearance of 

these acids from the rumen or by their appearance in the blood. The 

advantages and limitations of both methods have been discussed by Annison 

and. Lewis (1959) .  Warner (1964 )  and Annison (1965) have recently reviewed 

the literature on the ruminal production and absorption of WAs. It is 

apparent from these reviews that there are no reliable methods as yet for 

the quantitative estiJDation of WAs produced in and absorbed fran the 

rumen. 

Volatile Fatty Acid Absorption Studies in Oalves Based on the .Analysis of 

Rumen Oontents 

MIa ture WA concen tra tions were demonstrated in the rtmlen of 3-4 week­

old pasture-reared calves by Godrrey (1961) and. Stewart ( 1962).  Neither 

of these workers however a ttenpted. to determine whether the VFAs were 

absorbed at this early age or not. 

Flatt, Warner and Loosli (1956)  investigated the absorption of WAs 

at d:i:t'ferent ages in ten rumen-fistula.ted Friesian calves reared on a diet 
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of milk, hay and calf starter. They introduced warm equimolar solutions 

( 10 g,!lit) of butyrio, propionio and. aoetio aoids, buffered to a pH of 6.2, 

into the emptied rtIIlen and measured the losses tba t ooourred over a period 

of 60 minutes. These experiments were performed when the calves were 3, 5, 

7, 11 and 15 weeks old. The authors averaged the results of all fifty 

trials and ooncluded that 30.2 m-moles or butyrio aoid, 30.6 m-moles of 

propionio aoid and 28.2 m-moles of aoetio aoid were lost fram the rumen 

per hour. They did not however include in the publioa tion the absorption 

rates determined at the different ages, neither did they mention the method. 

by whioh WA losses were estimated. 

Vola tile Fa tty Aoid AbSOrption Studies in Calves Based on the Analysis of 

Blood. 

In a series of three separate experiments, MoCarthy and Kesler (1956) 

observed an increase in the WA ooncentra tion of jugular blood. with advancing 

age in calves. Six Friesian bull-oalves were used in each of the three 

trials. The oalves were allowed at least 2 days of oolostrum feeding on 

their dams, and by the age of 5 days were on experiment. They had free 

aooess to both hay and oal.f starter, besides reoeiving 5 lb of either whole 

herd. milk ( Trials I and II) or milk replaoer ( Trial III ) .  All the oalves 

were weaned at 6 weeks of age. Jugular blood. samples were colleoted at 

weekly intervals approximately 3 hours after the morning feeding for VFA 

determination. The mean VFA ooncentration of jugular blood. of all e ighteen 

oalves increased gradually fran a level of 0.30 m-moles/li t at the age of 

1 week to 1.1 m-moles/li t at 15 weeks of age. MoCarth3' and Kesler assooia ted. 

this inorease with the developnent of rttIlen function. 
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Martin, Ramsey, Matrone and Wise (1959) investigated the ability of 

young Friesian bull-calves to utilize the preformed salts of the VFAs. 

They oanpared the growth rates and pos�prand.ial VFA ooncentra tion changes 

of jugular blood at the age of 3, 6, 9 and 12 weeks in three groups of 

oalves fed on different iso-oalorio diets. The diet of Group I calves was 

oomposed of oasein, fat, gluoose, starch and ohopped hay; that of Group II 

contained oasein, fat, gluoose and. the salts of aoetic, propionio and 

butyric aoid; the oalves in Group III were reared on whole milk only. 

Nine Friesian bull-oalves were used in this experiment. The oalves were 

randomly assigned to one of the t.h:ree experimental groups after 2-3 days 

of oolostrum feeding. Whole milk was fed to all the calves at the rate of 

10 % of body weight per day. The solid diets were introduced to Group I 

and Group II oal ves at the age of 5 days, and miLle was gradually reduced 

during the third week. These oalves were weaned onto the experimental 

diets by the end. of the third week. Group III oalves were oontinued on 

the same rate of milk feeding. All feeds were offered twioe daily. Jugular 

blood samples were colleoted at weekly intervals before and. 3 and 6 hours 

after feeding. Marked post-prandial elevations in the levels of jugular 

blood VFAs were noted in Group I and Group II oalves, but not in those fed 

on milk only. The nagni twe of these eleva tiona inoreased with advancing 

age, ani was invariably greater in the calves fed on the diet containing 

the salts of the VFAs (Group II) than in those reoeiving no prefo:rmed. WAs 

(Group I) . Sinoe the mean daily weight gains were 0.37, 0.45 and. 0.62 kg/ 

calf/day for Group I, Group II ani Group III calves respeotively, the 

authors oonoluded that the rumen was capable of VFA absorption at this 

early age. They further suggested that the increasing post-prandial oon­

oentrations of jugular VFAs observed with advanoing age in Group I ani 

Group II calves refleoted an improving effioiency of VFA absorption, and 
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attributed it to the functional development of the rumen. 

The pre -feeding concentrations of jugular blood WAs in the experiment 

of Martin et al. (1959) were approximately 0.3 m-moles/lit, and were 

unaffected by either the age of the oalves or their diet. .An increase in 

the level of jugular blood WAs from 0.3 m-moles/lit at 1 week to approximate­

ly 1.1 m-moles/lit at 15 weeks of age was however noted in the experiments 

of McOarth;y and Kesler (1956). This apparent d iscrepancy may have been due 

to the fact tha.t the calves in the fonner experiment were fed twice daily 

ani were sampled before feeding, while those in the latter experiment had 

had free access to solid feeds and were sampled 3 hours after feeding. 

Martin and his co-workers were thus investigating pre-feeding levels, while 

McCarthy and. Kesler were determining post-prandial concentrations. Dinda, 

oited by Preston (1963) could not establish a relationship between the WA 

conoentration of jugular blood and the age of early-weaned calves. He 

reported that the VFA levels in jugular blood ranged from 1-2 m-moles/li t. 

Conrad, Smith, Vandersall, Powden and. Hibbs (1958) determined the 

gastrosplenic blood flow rate in seven 4-7 month-old anaesthetized oalves 

by the isotope dilution teohnique. They then oolleoted post-prandial 

serial samples of both gastrosplenic and jugular blood samples from three 

other 4-5 month-old consoious oalves fed on a 2:1 mixture of alfalfa hay 

and a grain ooncentrate. By subtracting the jugular VFA concentrations fran 

the corresponding gastrosplenio levels and using the mean gastrosplenic 

blood flaw ra. te detennined in the initial aoute experiments (763. 7 ml/minI 

100 Ib body weight) these workers estimated that 29 % of the total oalories 

digested were absorbed in the fo nn of acetate and. propionate. 
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No attempt was made in any of these studies to investigate the 

absorption of WAs fran the romen during the f irst two weeks of age prior 

to the consumption of solid feeds. All the evidence suggests that the 

transport of VFAs across the rumen wall is dependent on the consumption 

of solid feeds and on the establishment wi thin the rumen of an active 

microbial fermentation. Preston (1 963) in his review on the nutrition of 

the early-weaned calf concl uded:-

"i t is axiomatic that if 75 per cent of the dr.1 rna tter of concen tra tes 

or grass is digested by the 4-week-old calf, and. that the mode of 

digestion is by microbial fennenta tion, then the main products of 

such breakdown, namely the steam-volatile fatty acids, must be 

absorbed and utilized as sources of energy even by the very young 

calf." 

In reviewing the recent advances in ruminant ph3'siology, Kay (Kay and 

Hobson, 1 963) stated:-

"Both the ability to absorb fa tty acids from the rumen and salivary 

secretion only begin to develop in the very young ruminant with the 

onset of rapid fermentation in the rumen." 

On the basis of these two conclusions the apparent dependence of VFA 

absorption from the rumen on the consumption of solid feeds during early 

life suggests the post-natal establishment of new mechanisms for the trans­

port of these acids across the romen wall. A better understanding of the 

VFA absorptive capacity of the rumen during this cruoial stage of development 

is not only of academio interest, but is also essential for the development 

of better and IOOre economioal calf feeding and managemen t praotioes. The 

experiments desoribed in this Thesis were therefore aimed a t:-
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1. Detennining whether calves are capable of absorbing WAs fran the 

rumen during the first few days of life prior to the oonsumption 

of solid feeds. 

2. Determing the effects of advancing age and diet on the abso rption 

of WAs from the rumen in young calves. 

One year after these studies were ini tia ted, Sutton, :McGilliard. and 

Jacobson (1963) presented evidence to indicate that "the ability to absorb 

large quanti ti es of acetic acid is not inherent in the rumen and does not 

develop in calves on a diet of milk only. It They used two pairs of consoious 

Friesian calves to investigate th e effeots of advancing age and. diet on the 

absorption of aoetio aoid fran the rumen. One member of each pair was 

reared on a di et of milk only and the other was fed hay ani calf starter 

in aMi tion to milk. Aoetio acid absorption was estimated by changes in 

the ooncentration of this acid relative to polyetlwlen e glyool ( a marker) 

following the introduction into "the runen of a buffered solution containing 

known concentrations of these two compounds. Using this experimental 

approach, they demonstrated "an absenoe o f  effeotive absorption in ver,y 

young calves and in older milk f ed calves" and suggested that "the large 

increase in the rate of absorption Yfhioh was demonstrated to aocompany 

maturation of rumen structure must be due , not to th e  development o f  new 

mechanisms but to the expansion of existing ones." 

A1 though Sutton and his co-workers estimated the disappearance of 

aoetate fran the rumen, they were unable to deteot its appearance in the 

peripheral blood of the first pair of calves, and could not interpret 

their data on jugular blood analysis. They did not include these results 

in their publication and disoontinued the sampling of jugular blood from 
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the seoond. pair of calves .  

Volatile fatty acid ab sorption from the rumen wa s  inves tigated in 

the experiments desoribed in this Thesis by ohanges in the oonoentrations 

of these acids in the blood. A logical approaoh to establish base lines 

lay in oomparing the fasting and post-prandial ooncentrations of blood WAs 

a t regular intervals with advancing age in two groups of calves , one 

reared on a die t  of milk only, and the other having, besides milk, free 

aocess to pasture. Rumen effluent blood was oonsidered to be the most 

sa tisfaotory for the purposes of this experiment. The sm9.ll size and 

inaccessibili� of rumina1 veins in young calves, however, precluded the 

sampling of this blood in oonsoious preparations. Al though portal blood 

is prone to laminar flow (Annison, Hill and Lewis, 1957), and. at best 

represents diluted rumen effluent blood, recourse to the portal vein s eemed 

to be the most practical approaoh, especially since Sohambye (1951 a & 0) 

and Annison et al. (1957), demonstrated marked hepa tio removal of absorbed 

WAs from the peripheral circulation. 
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VOLATILE FAT TY AOID ABSORPTION ST UDIES 

IN 

CONSOIOUS CALVES 



CHAPTER I 

POST-PRANDIAL CHANGES 

IN THE VOLATILE FA� ACID AND GLUOOSE CONCENTRATIONS 

OF PORTAL BlOOD IN CONSCIOUS CALVES 

The effects o� advan oing age and. diet on the absorption of WAs �rom 

the rumen were investigated, in the experiments d esoribed in this chapter, 

by the analysis of portal blood and rumen liquor. Plans originally called 

�or: 

1. The establishment of a portal vein catheter and a rumen fistula 

in 5-10 day-old calves. 

2. The rearing o� one group of these calves on a diet o� milk: only , 

and another group on a diet of milk and pasture. 

3. The determination of �asting and post-prandial ooncentrations o� 

circula ting glucose and WAs in the portal blood of these oalves 

as soon after surgery as was praotioable, and at weekly intervals 

wi th advancing age thereafter. 

Blockage of the portal vein oatheters limited the application of this 

experimental approach to a p eriod o� two weeks after the surgical intro­

duotion of the catheters. Experiments were therefore oonduoted in calves 

o� various ages and in dif�erent stages o� rwnen development wi thin a �ew 

days after the surgical insertion of a catheter into the portal vein. 



- 13 -

REVIEW OF LITERATURE 

Vola tile Fa tty Aoid Absorption Studies in Mature Oonsoious Ruminants Based 

on the Analysi s of Portal Blood 

Sohambye and. Phillipson (1949) were the first to inve stigate VFA 

absorption from the alimentary traot to the blood. in oonsoious ruminants. 

These workers used mature sheep whioh had previously been provided with 

a rumen fistula, an exteriorized oarotid artery and. a London cannula 

adjaoent to the main trtmk of the portal vein. They oolleoted serial 

samples of rumen liquor, oarotid arterial blood. and portal venous blood 

a t regular intervals after the feeding of a test diet oomposed of ohopped 

hay, linseed meal and blood meal, and demons trated marked post-prandial 

elevations in the VFA conoentrations in both rumen liquor and portal blood. 

Portal VFAs were ob served to be oonsistently higher than the corresponding 

oarotid levels, and this veno-arterial oonoentration differenoe became more 

pronounoed as the oonoen tra tion of the VFAs wi thin the rumen inoreased. 

AI though similar pos t-prandial changes in the levels of oiroula ting gluoose 

were noted, the relative magnitude of these changes, when expre ssed on a 

molar basis, was oonsiderably smaller than that observed with the VFAs. 

The authors ooncluded that these observations indica ted both VFA absorption 

fran the alimentary traot and VFA metabolism in the body. 

The above-mentioned preliminary observations were confirmed in a 

series of experiments with mature oonsoious sheep in whioh a Lordon oannula 

was again used to sample the portal vein (Sohambye, 1951 a & b) . Sohambye 

(1951 0) also showed that little, if any, gluoose is absorbed fran the 

alimentary traot of mature sheep. His aoute exper:iments in sheep (Sohambye , 

1951 a) indioated hepatio removal of a large portion of absorbed dietary 
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aoeta te from the portal oiroula tion. He later used Evans Blue and p32 as 

markers to detennine the rate of blood flow through the portal vein of 

sheep (Sohambye , 1 955 a & b) , and combined the re sults of these exper:iJnents 

with the post-prandial VFA oonoentration changes of the portal blood 

detennined in his earlier experiments (Schambye, 1 951 a & b) to calculate 

the BJOOWlts of WAs absorbed dai�. 

Annison, Hill and Lewis ( 1 957) used the surgical technique developed 

by Lewis, Hill and. Annison ( 1 957) to es tablish portal vein oa the ters in 

sheep, and detennined the post-prandial glucose and WA ooncentration ohanges 

in the portal and peripheral blood following the feeding of various test 

di e ts. These worlcers continned Sohambye l s earlier obse rvations (Schambye, 

1 951 a, b & 0; 1 955 a & b) ani by chromatographic separation of the WA 

frac tion of both portal and peripheral blood demonstrated near comple te 

hepa tio removal of absorbed propionate from the portal oiroula tion. They 

also oaloulated the quantity of propionio aoid metabolized by the liver on 

various diets over a 24-hour period by using the portal blood flow ra te of 

37 ml/min/kg of body weight determined by Sobambye ( 1 955 a) , and by 

assuming that the portal blood propionate concentration at 8-1 0 hours 

at ter feeding was representative of the whole period. 

Blood flow through the portal vein of ruminants was investigated 

by Schambye ( 1 955 a) , Fegler and Hill ( 1 958) , Fries and. Oonner (1 961 ) , 

and Bensadoun ani Reid ( 1 962) .  These worlcers demonstrated a reduotion 

in portal vein blood flow f ollowing fasting, anaesthesia and surgery. 

Their experiments suggest that WA absorption can be grossly underestimated 

if investigated in aoute preparations, or if' portal blood flow rates that 

were de termined in anaesthetized preparations are used in oonscious 

animals. 
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Bensado\Ul and. Reid ( 1 962) , working wi th  sheep, and Waldem, Johnson 

and Blosser (1 963) with oattle, demonstrated posi;-prandial inoreases in 

portal vein blood flow whioh were observed to reach a peak approxima tely 

6 hours after feeding. Their finiings indioate that misleading results 

can be obtained in absorp tion studies if a single or an average portal vein 

flow rate value is used to repre sent the whole period under s"tud3'. 

Vola tile Fa tty Acid Absorption Studies in Young Consoious Calves Based on 

the Analysis of Portal Blood. 

No referenoe was found in the literature oonsulted to any published 

work based on the analysis of portal blood. concerning the absorption of 

VFAs from the rumen of young conscious calves. The experiments of Oonrad 

et al. ( 1 958) and. Waldem et al. ( 1 963) were perfozmed on calves more than 

four months old. 

MATERI� AND METHODS 

Ex,perimental Design 

Posi;-prandial changes in the glucose and VFA concentrations of portal 

blood. were investigated in four Friesian bull-calves that had had at least 

2 days of colostrum feeding on their dams. Calve s 1 and 2 were reared on 

milk only ani were housed in concrete calf pens where slatted wooden frames 

consti tuted the only bedding (Milk Fed Calves) . Oalves 3 and 4 we re raised. 

on pasture - a mixture of white clover, sbort-rota tion and long-rotation 

rye grass - from the age of 6 days onwards (Pasture Fed Calves) . Wazm 

whole milk was bucket-fed twice daily to all the oalves a t  the rate of 

4.5 lit/oalf/a.ay. 
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A rlmlen fistula was prepared in oalves 2,  3 and 4, when they were 

6, 55 and 40 days old respectively, and a cannula was inserted into the 

portal vein a few days before the oalves were to be plaoed an experiment. 

Oalves 3 and. 4 were weaned onto pasture at the age of 62 and 70 days 

respectively. The sequenoe of these events is summarized in table 1. 

TABLE 1 

Rearing and surgioal details of oalves used in milk and pasture feeding 
absorption experiments .  

Age at Weight at Age rumen Age portal 
Oalf Diet weaning weaning fistula ted oa the terized 

days kg days days 

1 Milk 6 

2 Milk 6 33 

Milk 
3 & 62 77 55 75 

Pasture 

Milk 
& 70 75 40 1 1 1  

Pasture 

Eaoh experiment was preceded by a period of fasting whioh was followed 

by the feeding of either milk or pasture. Serial samples of portal blood 

were collected before and at regular intervals after feeding. Simultaneous 

samples of rumen liquor and jugular blood were also collected, whenever 

possible, in calves 2, 3 and 4. Experiments following milk consumption 

were performed on all four calves,  and. after grazing on oalves 3 and. 4 

only. Details of the age of the oalves, the duration of the preliminary 

fasting periods, the quantit,y of milk oonsumed and. the time spent grazing 

are presented in table 2 .  



Calf 

1 
2 

3 

4 

TABLE 2 

The age , weight, duration of f asting, quantity of milk consumed and time spent on pasture 
in milk and pasture feeding absorption experiments. 

Milk feeding experiments Pasture feeding experiments 

Treatment Milk Time on 
Age Weight Fas ting consumed Age Weight Fasting pasture 
days kg hr lit days kg hr hr 

Milk 9 41 23 2 - - - -

Milk 36 48 24 4 - - - -

Milk 
& 83 83 24 4. 5 78 83 24 3t 

Pasture 

Milk 
& 1 1 4  94 48 4. 5 1 1 5  94 72* 3.} 

Pasture 

"'Re stricted from pas ture for 72 hr but given 4. 5 lit of milk 48 hr after the beginning of s tarva tion. 

) 
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Surgioal Methods 

The serial sampling of por tal vein blood, jugular vein blood and 

rumen liquor from oonsoious calves was made possible by previous 

catheterization of the portal and jugular veins, and fistulation of the 

rumen. Oatheters were introduoed into the jugular vein under looal skin 

anaesthesia. Rumen oannulae and portal vein oatheters were inserted 

under general anae sthesia. 

Anaesthesia. Surgery was preoeded by a 24-hour period of fasting 

off milk and 48 hours off pasture. Pre-anaesthetio medication consisted 

of the intravenous injeotion of 50-75 mg of chlorpromazine and. chlor­

promazine �chloride (Largactil, May and Baker) . Anaesthesia was 

induoed 10 minutes later by the intravenous injeotion of 1 50-240 mg of 

pentobarbitone sodium (Nembutal, Abbott Laboratories) , and was maintained 

with ohlorofonn (May and Baker) , administered by an open mask technique. 

Surgioal prooedure for the fistulation of the rumen. The abdominal 

oavi ty was entered on the l eft side through a 7-10 em paraoostal skin 

incision starting approximately 2 am pos terior to the last rib and 3 am 

ventral to the dorsal border of the left paralumbar fossa. A Jarrett 

oannula (Jarrett, 1 948) was introduoed. through this incision into the 

most oaudad region of the dorsal sac of the rumen and was held in position 

wi th a linen purse-string suture. Eight equidistant, oiroumferentially 

disposed suspension sutures were passed through the rumen wall at a 

distance of 0.5 om fran the neok of the oannula, and were exteriorized 

ahead of the oannula through a separate oircular skin exoision located 

in the dorsal aspeot of the left paralumbar fossa approximately 3 an 

posterior to the original skin incision. Before sewing the suspension 



- 1 9  -

sutures to the sldn 6-8 interrupted sutures were used to sew peritoneum 

to musole layers around. the border of the oircular excision. The original 

abdaninal incision was then olosed. A plastio washer wa s  plaoed around 

the neok of the cannula to prevent it from retraoting into the rumen. 

Surgioal procedure for the oatheterization of the portal vein. The 

surgical procedure developed by Cormer and Fries (1 960) was used to 

cannula te the portal vein. Oral a.dministra tion of warfarin sodium (Marevan, 

Evans Medical) - a prothrombenopoenic drug having a latent period of 

activity of 28-36  hours - was started 1 8-20 hours preoperatively in order 

to retard. the development of post-operative thrombophlebitis. Initial 

loading doses of 1 0 mg for Milk Fed Calves and 30 mg for Pasture Fed 

Calves were given. 

Pos t-opera ti ve medication. Proph3'lactic trea iment with antibiotics 

was s tarted upon the completion of surgery and was continued for 4-6 days 

post-operatively. This entailed the daily intramuscular injeotion of 

one million units of penicillin (Benethamine Penicillin, Glaxo Laboratories) ,  

and the dusting of surgical wounds wi th  neoll\Yoin and baoi tra.cin powder 

(Cioatrin, Calmic) . 

In the case of portal vein oatheters a fibrino�io preparation 

(Varizyme, American Cyanamid) was intravenously administered at the rate 

of 1 2, 500 units per day for a period of 3-5 days post-operatively. Oral 

medication with warfarin sodium (Marevan, Evans Medical) was oontinued at 

a daily dosage of 2. 5 mg for Milk Fed Calves and 10  mg for Pasture Fed 

Calves. 

Care of portal vein oatheters. The following preoautions were taken 
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to retard the development of post-operative thrombopblebitis : -

1 .  Pos t-operative do sing with prothrombenopoenio (Marevan, Evans 

Medical) and fibrinolytio (Varizyme , American Cyanamid) prepa­

rations. 

2 .  Twioe-daily withdrawal of blood when the oa the ters were not in 

use. 

3. Routine flushing of the cathe ters with 0. 9 % NaOl following the 

wi thdrawal of blood. 

4. Keeping the oatheters, when no t  in use , filled with sterile 0. 9 % 

NaGl oontaining 1 ,000 uni ts of heparin sodium (Boots) per ml. 

Introduotion of oa theters into the jugular vein. Oa theters were 

introduoed into the jugular vein under aseptio oonditions wi th the aid of 

looal lignooaine (Xylooaine , Astra) skin anae sthesia on the day preceding 

the absorption experiments .  A polythene oa the ter (Sterivao No. 2, Allen 

and Handburys) was threaded through the ltUnen of a hiYPodermio needle whioh 

had previously been introduoed into the jugular vein. The oatheter was 

in turn anchored to the skin with two or three nylon monofilament sutures 

after firs t wi thdrawing the hypodermic needle from the vein. 

Chemioal Methods 

A number of analytioal prooedure s for the de termination of VFAs and 

gluoose in biological fluids are available. The methods used in the se 

experiments were seleoted on the basis of their aoouracy, specificity and 

simplici ty. Their reliability was confirmed by repea tabili ty and addition 

exper�ents ( table s 3, 4, 5 ,  6,  7 and 8) . 

Blood was colleoted in 25 ml sorew-oapped glass bo ttles eaoh of which 
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contained 500 i. u. of heparin sodium (Boots). The blood was deproteinized, 

for both glucose and VFA de tenninat ions , within 1 0  minutes of' sampling 

in order to reduce the effeots of post-sampling enzymic activity. 

A plastio wash-bottle was used to obtain samples of rumen oontents. 

Rumen liquor was aspirated and its pH determined within 2 minutes of 

sampling after first filtering it through two layers of oheese cloth. 

A Radiometer pH meter (Type PHM 230) was used. Samples were retained 

in 25 ml sorew-capped bottles for VFA analysis. 

The sample bottles containing the rumen liquor and the protein-free 

filtrates of blood were stored at a temperature of 4.oC. until the fol­

lowing day, when they were analysed. All laboratory glassware used in 

the analysis of these samples was previously washed in detergent (Delak 

No. 2, Shell), rinsed in hot tap water and dried at a temperature of 

1 500C. in an electric oven. 

Blood vola tile fa tty acids ( tables 3 and 4). Annison I S  (1 954) method 

for the detennination of blood VFAs was used. The following two 

modifioa tions were however made : -

1 • The neutralized protein-free f11 tra. tes were concentrated at a 

tempera ture of 8OCC. in a drying oven ins tead of under vacuum. 

Concen tra tion unier vaouum was impraotioal at the time the 

samples were analysed. The use of a drying oven made it  possible 

to concentrate a number of samples simultaneous�. Loss of VFAs 

was not encountered since the potassium salts of these acids do 

not deccmpose or sublime at 800C. (Handbook of Chemistry and 

Physics, 42nd Edition, 1 960) . 

2. The steam distillates were titrated in the presenoe of a mixed 
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indicator oontaining Cresol Red and Tl\Ymol Blue ( The Merck Index 

of Chemioals and Drugs, 1 960) instead of using phenolphthalein. 

The mixed indica tor has a sharper end-point than phenolphthalein 

at the transition pH of 8.3.  

Results of repeatabili� and addition experiments are presented in tables 

3 and 4 respeotively. 

TABLE 3 
Blood volatile fatty acid determination repeatabili� experiment. Result s  
o f  e ight volatile fatty aoid analyses o n  the same sample of bovine blood. 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 

VFA concentration 
m-mole s/lit 

1 .09 
1 .02 
1 .08 
1 . 1 7 
1 . 1 1  
1 .05 
1 .09 
1 .09 

Mean: 1 .09 m-moles/li t 

Standard Devia tion: 0.0436 m�oles/lit 

TABLE 4 
Blood volatile fat� acid determina tion addition experiment. Resul ts of 
e ight vola tile fa tty aoid analyses on bovine blood to which known 
quantities of acetic acid were added. 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Detennined 
VFA 

ooncentration 
m-moles/lit 

1 .09 
1 . 30 
1 . 70 
1 .82 
2 . 1 2 
2 . 36 
2 � 59 
2 .75 
3. 1 1  

Caloulated 
VE'A Detennine� 00 

conoentra tion Calculated 
m-moles/li t 

1 . 34  97.01 
1 . 60 1 06.25 
1 . 85 98. 39 Mean: 99. 71 % 
2.1 0 1 00.95 
2. 36 1 00.00 
2� 61 99. 23 Range : 

2;86 96. 1 5 96. 1 5-1 06.25 % 

3. 1 2  99. 68 
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Blood. glucose (tables 5 and 6). The Nelson-80mogyi method for the 

determination of blood glucose (Nelson, 1 944; Somogyi, 1 952) was used. 

Results of repeatability and addition experiments are presented in tables 

5 and 6 respeotively. 

TABLE 5 

Blood glucose determination repeatabilit.y experiment. Results of 
ten glucose ana13ses on the same sample of bovine blood. 

Sample 

1 
2 

3 
4-

5 
6 
7 
8 
9 

1 0  

Glucose concen tra tion 
mg/100 ml 

64-.4-6 
63.85 
62. 65 
63.4-5 
65. 66 
64. 66 
63.4-5 
63.4-5 
62.85 
64-.4-6 

TABLE 6 

Mean: 63. 89 mg/1 00 ml 

Standard. Deviation: 0.92 mg/100 ml 

Blood. glucose determination addition experiment. Results of five 
glucose ana13ses on bovine blood to which known quantities of glucose 
were added . 

Determined 
Sample glucose 

ooncentration 
mg(1 00 m1 

1 46. 96 
2 56. 78 
3 66. 1 3  
4- 76.40 
5 84-. 58  
6 94. 63 

Caloulated 
gluoose Detennine�OO concentration Oaloulated 
mg/1 00 ml 

56.40 
65. 65 
74-. 72 
83. 61 
92 . 34-

100. 67 
1 00.73 
1 02.25 
1 01 . 1 6  
1 02.48 

Mean: 101 .4-6 % 

Range : 
1 00.67-102.48 % 
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Rumen liquor volatile fat� acids (tables 7 and 8) . Johns' ( 1 955) 

method for the detennination of rumen liquor VFAs was used. Results of 

repeatabilit,y and addition experiments are presented in tables 7 and 8 

respectively. 

TABIE 7 
Rumen liquor volatile fatty acid determination repeatability experiment. 
Results of ten volatile fatt,y acid analyses  on the same sample of 
bovine rumen liquor. 

Sample 

1 
2 
3 
4-
5 
6 
7 
8 
9 

1 0  

VFA concentration 
m-moles/lit  

1 29 . 95 
1 30. 56 
1 30.46 
1 30.87 
1 29.95 
1 29 . 64-
1 30. 66 
1 30. 66 
1 30.25 
1 30. 36 

Mean: 1 30. 34 m-moles/lit 

standard Deviation: 0.39 m-moles/lit 

TABLE 8 
Rumen liquor volatile fatt,y acid determination addition experiment. 
Results of ten volatile fatt,y acid analyses  on bovine rumen liquor 
to which known quantities of volatile fatt,y aoids were added. 

Determined 

Sample VFA 
ooncen tra. tion 
m-moles/lit 

1 85 . 64-
2 90. 65 
3 95. 30 
4 99. 32 
5 1 01 . 92 
6 1 05.40 
7 1 1 0. 05 
8 1 1 3. 36 
9 1 1 7 .20 

1 0  1 20 . 60 
1 1  1 23. 55 

Oaloulated 
VFA 

ooncentration 
m-moles/li t 

89. 61 
93.51 
97. 33 

101 .08 
104. 75 
1 08. 36 
1 1 1 . 90 
1 1 5 .37 
1 1 8. 78 
1 22. 1 3  

Determined�1 00 Oaloulated 

1 01 . 1 6  
101 . 91 
1 02 .04 
1 00. 83 
1 00. 62 
1 01 . 56 
1 01 . 30 
1 01 . 59 
1 01 . 53 
1 01 . 1 6  

Mean: 1 01 . 37 % 

Range : 
1 00.62-1 02.04- % 
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Fig. 1 .  Thrombus encapsulating the portal vein catheter. 
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RESULTS 

Portal vein catheters were successfully es tablished in four young 

Friesian bull-calves. Three calves died during anaes thesia, and four 

others from pos t-operative haemorrhage. Portal vein catheters were 

introduced in another s even calves, but a s  a result of pos t-operative 

thrombophlebi tis these catheters los t their patency within a few days 

after surgery and rendered the preparations useless for exp erimental 

purposes. On necropsy, a continuous fibrin sheath completely encapsulating 

the oatheters from their point of entry into the venous circulation and 

extending well ahead of the ir tips was invariably found (fig. 1 ) .  The 

lumen of the catheters was usually free of clotted blood. Injection 

of solutions through the ca theters into the portal circula tion was always 

possible, but the thrombus apparently served as a valve which prevented 

the wi thdrawal of blood through them. 

Changes in the VolatUe Fatty Acid Concentration and pH of Rumen Liguor 

Following Milk Feeding and Following Grazing (tables 9 and 1 0, f ig. 2 and 3). 

Observations on the changes in the VFA concentration and pH of rumen 

liquor following milk feeding were made in calves 2, 3 and 4, at the age 

of 36, 83 and 1 1 4  days respec tively ( table 2) . The VFA concentration of 

rumen liquor at the end of fasting in calves 2,  3 and 4 was 22. 1 6, 26.00 

and 41 . 36 m-moles/lit respec tively ( table 9) . The feeding of milk was 

followed by minor elevations of these value s in calves 3 and 4, and by a 

more subs tan tial increase in calf 2 ( tabl e  9 ,  fig. 2) . 

The pH of rwnen liquor at the end of fasting was 7.45, 7. 65 and 

7. 35 in calves 2,  3 and 4 respeotively ( table 9, fig. 2) . Milk feeding 



TABLE 9 

Ohanges in the volatile fat� acid concentration and pH of rumen liquor following milk feeding . 

R U M E N  L I Q U O R  V F A  
m-moles/lit 

R U M E N  L I Q U O R  pH 

Oalf hr af ter f eeding hr af ter feeding 

0 2 4 6 8 24 0 2 4 6 8 24 

2 22. 1 6 37. 37 32.28 25.52 1 7. 96 1 2.59 7.45 6. 50 6. 67 6.85 7.30 7. 50 

3 26.00 32.80 29. 70 25. 70 - 1 6.40 7. 65 7.45 7. 65 7. 80 - 7. 90 

4 41 . 36 48. 39 52. 51 50. 50 42.27 36.42 7.35 7.05 6.85 6.95 7. 05 7. 30 

TABLE 1 0  

Ohanges in the volatile fat� acid concentration and pH of the rumen liquor following grazing . 

R U M E N  L I Q U O R  V F A  R U M E N  L I Q U O R  pH 

m-mole s/lit 

Oalf hr after f eeding hr af ter f eeding 

0 2 4 6 8 24 0 2 4 6 8 24 

3 1 4. 50 50.80 61 . 90 61 . 80 1 00. 30 56.80 7. 80 6. 90 5. 50 5.80 6. 1 0  7.00 

4 36.42 38. 89 54. 58 42. 89 70. 38 90. 39 7. 30  6. 1 5  5 .55 5.70 6. 1 0  6.00 
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was followed by an increase in the acidity of the rumen in calf 2, which 

reached a pH of 6.50 in 2 hours. There was only a slight lowering of the 

pH of the rumen in calves 3 and. 4. In every case the highest concentra­

tion of VFAs that was deteoted in the rumen oorresponded with the lowest  

pH recorded there ( table 9 ,  fig. 2) . 

Observations on the changes in the VFA concentration and pH of the 

rumen following grazing were made in calves 3 and 4, at the age of 78 

and 1 1 5  days respectively ( table 2) . The VFA concentration of the rumen 

at the end of fasting was 1 4. 50 m-moles/lit in oalf 3,  and 36.42 m-moles/ 

li t in calf 4 ( table 10) . In calf 3, grazing resulted in an elevation of 

rumen WAs to a level of 61 . 90 m-moles/li t wi thin 4 hours after the calf 

commenoed feeding ( table 1 0) .  This initial rise was followed by a 2-hour 

period during which the VFA conoentration of the rumen did not appear to 

change ( table 1 0) .  The WA concentration of the rumen then rose to a 

level of 1 00. 30 m-moles/li t 8 hours after the beginning of grazing. A 

similar, though less pronounced and more delayed trend, was observed in 

oali' 4, in which the WAs rose from 36.42 m-moles/li t to 70. 38 m-moles/lit 

during the first 8 hours after the beginning of grazing ( table 1 0, fig. 3) . 

The rumen in both calves was alkaline at the end of the fasting 

period; a pH of 7.80 was recorded in calf 3 and 7.30 in calf 4. Grazing 

resul ted in a marked decline in the pH of rumen liquor, which in both 

calves fell to approximately 5.50 wi thin 4 hours after the beginning of 

feeding. In neither case did the highest concentration of WAs reoorded 

in the rumen correspond with the lowest pH detected there ( table 1 0, 

fig. 3) . 



Calf 

1 ·  
2 
3 
4 

TABLE 1 1  

Change s  in volatile fat� acid and glucose ooncentrations of por tal blood following milk fe eding. 

P O R T A L  V F A. P O R T A L  G L U C O S E  
m-moles/li t mg/1 00 ml 

hr after feeding hr after f eeding 

0 2 4 6 8 24 0 2 4 6 8 

0. 62 0. 94 0.87 - - - 62. 61 1 54.28 73.29 - -

0. 58 0 .89 - 0. 69 0. 79 0. 60 59. 84 1 39 . 96 1 08.40 75. 20 81 . 20 
0. 53 0.84- 1 . 58 0. 67 1 .00 0. 72 38. 72 1 33.06 1 36 . 98 1 06.20 71 . 69 
0. 91 1 . 30 0.91 0. 94 0.88 0. 73 40. 59 91 .84- 72.80 70. 50 50.42 

*Sampled at 1 ,  3, 7 and 1 0  hr after feeding, s e e  fig .  2. 
VFA portal concentrations at 1 , 3, 7  and. 1 0  hr were 0.84, 0. 95, 0 . 75 and 0. 67 m-moles/lit. 

Glucose concentra tions at 1 ,  3, 7 and 1 0  hr were 1 31 . 84-, 1 46. 79, 64.53 and 61 . 54 rng/1 00 rol. 

TABLE 1 2  

Changes in vol atile fatty acid and glucose concentrations of portal blood following grazing. 

P O R T A L  V F A  P O R T A L  G L U C O S E  
m-moles/lit mg/1 00 ml 

Calf hr after feeding hr after feeding 

0 2 4 6 8 24- 0 2 4 6 8 

3 0. 91 - 2 . 50 1 . 79 2.23 1 .27 47. 01 51 . 71 62. 39 70. 94 69.44 
4 0. 73 1 .08 1 . 70 1 . 14  1 . 52 1 . 1 8  44. 1 4  45. 87 50. 83 46. 90 52 .48 

24 

-

65. 70 
50. 83 
44. 14  

24 

60.26  
47. 31 
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Changes in the Volatile Fatty Acid and Glucose Concentrations of Portal 

Blood Following Milk Feeding and Following Grazing (tables 1 1  and 1 2, 

fig. 4 and 5) . 

The concentration of portal blood glucose at the end of fasting was 

approximately 60 mg/100 ml of blood in the Milk Fed Calve s ( table 1 1 )  and 

approached 40 mg/1 00 ml of blood in the Pasture Fed Calves ( table 1 2) .  

Milk feeding resulted in marked elevations in the level of portal blood 

glucose in all four calves .  A p eak glucose concentration was reached 

2 hours after f eeding in calves 1 , 2 and 4, and was apparently slightly 

delayed in the case of calf 3 (fig. 4) . This peak concentration ranged 

fran approximately 1 40-1 50 mg/1 00 ml of blood in calves 1 , 2 and 3, and 

reached a level of 91 . 84 mg/1 00 ml of blood in calf 4. Following the 

initial ris e  of portal blood glucose, a precipitous decline to the fasting 

l evel was no ted in calf 1 .  A progre ssive and slower re turn of portal 

blood glucos e to its fas ting concentration with advancing age following 

milk fe eding wa s  obs erved in the o ther three calves (fig. 4) .  

Although the VFA concentration of portal blood at the end of fasting 

in the Milk Fed Calves was in the order of 0. 60 m-moles/lit of blood, that 

of the Pasture Fed Calves ranged from 0. 53-0 .91 m-mol es/lit of blood 

( tables 1 1 and 1 2) .  Portal blood WAs rose to a level of clo se to 0 .90 

m-moles/lit of blood 2 hours af ter the f eeding of milk in calves 1 and 2, 

and to 1 . 30 m-moles/li t of blood during the same period in calf 4. A more 

pronounced and delayed elevation was encountered in calf 3. 

Only minor changes in the glucos e  concentration of portal blood were 

observed following grazing in calf 4 ( f ig. 5) . In contras t,  however, a 

gradual increase of portal blood glucose from a level of 47. 01 mg/1 00 ml 



TABLE 1 3  

Diff erences in glucose concentra tion of portal and jugular blood following milk fe eding. 

P O R T A L  G L U C O S E  J U G U L A R  G L U C O S E  
mg/1 00 ml mg/1 00 ml 

Calf hr af ter f eeding hr af ter f eeding 

0 2 4 6 8 24 0 2 4 6 8 24 

4 40.59 91 .84 72 .80 70. 50 50.42 44. 1 4  42 . 68 83. 05 67. 36 62. 97 49. 37 41 .42 

TABLE 14 

Difference s  in glucose concentration of portal and jugular blood following grazing. 

P O R T A L  G L U C O S E  J U G U L A R G L U C O S E  
mg/1 00 m1 mg/1 00 ml 

CaJ..f hr af ter feeding hr af ter feeding 

0 2 4 6 8 24 0 2 4 6 8 24 

3 47.01 51 . 71 62. 39 70. 94 69.44 60.26  50. 64 50. 87 60. 68 71 . 1 5  67. 95 64. 85 

4 44. 14  45. 87 50.83 46. 90 52 .48 47. 31 41 .42 44. 21 48. 35 47. 73 51 .03 45.25 



TABLE 1 5  

Differences in the volatile fatty acid concentration of portal and jugular blood following milk fe eding . 

P O R T A L  V F A J U G U L A R V F A  
m-mole s/li t m-moles/lit 

Calf hr after f eeding hr af ter f eeding 

0 2 4- 6 8 24- 0 2 4- 6 8 24-

4- 0. 91 1 . 30 0.91 0. 94 0.88 0. 73 0. 60 1 .09 1 . 33 0 .86  0. 86 0. 77 

TABLE 1 6  

Differences in the volatile fatty acid concentration of portal and jugular blood following grazing . 

P O R T A L  V F A  J U G U L A R V F A 
m-moles/lit m-moles/lit 

Calf hr af ter f eeding hr af ter feeding 

0 2 4- 6 8 24- 0 2 4- 6 8 24-

. 

3 0. 91 - 2 . 50 1 . 79 2.23 1 . 27 0. 78 - 1 .00 0 . 92 1 .42 1 .07 

4- 0. 73 1 . 08 1 . 70 1 . 14- 1 . 52 1 . 1 8  0. 77 1 .01 1 . 34- 0.88 1 .04- 0. 92 
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of blood. at the end of fasting to a concentration of 70. 94 mg/1 00 ml of 

blood. 6 hours after the beginning of grazing was noted in calf 3 (fig. 5) . 

Similar changes in the levels of portal blood. WAs were noted in both 

Pasture Fed Calves following grazing. A primary peak VFA concentration 

was recorded 4 hours after the beginning of grazing, and a secondary peak 

after another 4 hours (fig. 5) . 

Differences in the Gluoose and Volatile Fat5l Acid Concentrations of 

Portal and Jugular Blood Following Milk Feeding and Following Grazing 

(tables 13, 14, 1 5  and 1 6, fig. 6, 7, 8 and 9) . 

Jugular blood samples following milk feeding were oollected from 

oalf 4 only, and after grazing from calves 3 and 4. Gluoose oonoentrations 

of simuJ. taneously oollected jugular and portal vein blood samples  were 

invariably wi thin a few milligrams of each other, irrespective of whether 

milk or pasture was oons1.UUed ( tables 1 3  and 1 4, fig. 6 and 7) . 

The VFA oonoentration difference of portal and jugular vein blood 

in oalves 3 and 4, at the end of fasting and before grazing, was small 

( table 1 6 , fig. 9) . A marked post-prandial inorease in the magnitude of 

the VFA ooncentration differenoe in favour of the portal vein was noted 

in bo th oalves, and was more pronounoed in the case of calf 3 ( table 1 6, 

fig. 9) . Al though the portal and jugular blood WAs rose at similar rates 

following milk consumption in oalf 4 ( table 1 5, fig. 8) the highest VFA 

o onc en tra tion was reoorded wi thin 2 hours after the beginning of grazing 

in the portal blood. of this oalf, and. wi thin 4 hours in the jugular blood 

( table 1 6, fig. 9) . 
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DISCUSSION 

The teohnical diffioulties enoountered in the establishment and. 

maintenanoe of portal vein oa theters precluded IOOre and better oontrolled 

trials. Other reports of experiments involving the chronio oatheterization 

of the portal vein in rtmlinants have in cormnon the diffioulties enooun­

tered in maintaining the patency of these catheters. A1 though Conner and 

Fries ( 1 960) , Moodie, Walker and Hutton ( 1 963) , Parker, Simesen and Luiok 

( 1 963) , have reported oooasional cases where portal vein oatheters have 

remained functional for periods exoeeding 6-10 weeks, Annison et ale ( 1 957) ,  

Conner and Fries ( 1 960) , BensadolUl and Reid ( 1 962) and Waldern et al. ( 1 963) 

irdioate that portal vein oatheters oan normally be expected to re tain their 

pa. tenoy for far shorter periods, usually for not lOOre than 2-4 weeks after 

thei r surgical insertion. 

The following observations on the development of post-operative 

thrombophlebitis were made:-

1 • The oondi tion developed sooner in younger than in older oalves. 

2. Thrombus formation started at the point of entIj'" of the catheter 

into the venous oiroula tion. 

3. The thrombus inoreased in size with time until it canpletely 

invested the catheter, am eventually extended downs tream beyond 

the tip of the oa theter. 

4. I t was impossible to displaoe the val ve-fonning thranbus by 

passage of a stilette down the catheter. 

5. More aoute reaotions oocurred with silioone treated polyvi.n¥l 

oa theters than with either polythene or Teflon tubing. 

6. Prothranbinopoenio (Marevan, Evans Medical) and fibrinolytic 

(Varizyme, American Cyanamid.) medication appeared to retard. but 
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not to prevent the development of pos t-opera ti ve thrombophlebitis. 

7. The problem of thrombophlebitis was not encOWltered in calves 

wi th polythene oa theters inserted in the jugular vein. 

Changes in the Volatile Fat� Aoid Concentration and pH of Rumen Liquor 

Following Milk Feeding and. Following Grazing (tables 9 and 1 0, fig. 2 and 3). 

Ingested milk in intaot young ruminants nonnally short-oircui t s  the 

rumen and passes direotly into the abomasum (Watson, 1 944; Oomline and 

Ti tehen, 1 961 ) .  Milk may however inadvertentl¥ enter into the rumen as 

a result of regurgitation from the abomasum, incomple te closure of the 

oesophageal groove, and inhibition of the oesophageal groove reflex 

(Oomline ani Ti toben, 1 961 ) • Any milk tba t enters the rumen of young 

milk-fed oalves undergoes a predaminant� laotio acid-producing fermentation 

(Mann and Oxford, 1 955 ; Maokay and Oxford, 1 954-; Bryant, Snall, Bouma 

and Robinson, 1 958) . Suoh a fermentation should in tum be expeoted to 

resul t in a m<lrked depression of rumen pH if much milk enters the organ. 

Normally the oesophageal groove serves to direot milk into the abomasum 

(Wa tson, 1 944; Oomline and Ti tohen, 1 961 ) , whereas solid feeds enter 

direot� into the rumen (Armison and Lewis, 1 959) . These findings aooount 

for the post-prandial changes in the VFA. oonoentration and. pH of rumen 

liquor in whiah greater increases in aoidi ty and VFA levels were recorded 

following grazing ( table 1 0, fig. 3) than after milk feeding ( table 9, 

fig. 2). 

Cal.f' 2 was fed proportionately more milk on a body weight basis than 

were oalves 3 and 4- ( table 2). Greater post-prandial changes in the VFA 

oonoentration and pH of the rumen were enooWltered in this oalf than in the 
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other two oalves ( table 9,  fig. 2) . This may have been oaused by the entry 

of milk into the rumen and the fermentation of this milk by laotic acid­

produoing micro-organisms. Both Warner et ale ( 1 956) and Tamate et ale 

( 1 962) have dEmonstrated that the abomasal capaoity in milk-feel calves of 

a similar age to oalf 2 is oonsiderably le ss than 4 lit, the volume of 

milk fed to this animal. Oomline and. Ti tchen ( 1 951 ) have also shown that 

abomasal distention, at least in decerebrate calves, inhibits the reflex 

olosure of the oesophageal groove and. cause s  fluids to enter directly into 

the rumen. 

An alkaline rumen was noted at the end of the fasting period in all 

of the calve s irrespeotive of their age or die t ( tables 9 and 10) . This 

observa tion i s  in agreernen t wi th the reoognized effects of fasting on the 

pH of rumen l iquor, namely "pH rises to 7 or 8 in 4.8 hours" (Annison and 

Lewis, 1 959) . 

An inverse relationship between the VFA oonoentra tion and pH of the 

rumen ha s  been reported in ma ture ruminants by Baloh and Rowland ( 1 957) , 

Briggs, Hogan and Reid ( 1 957) , Davey ( 1 964) • Although the rapid decline of 

rumen pH to 5. 5 within 4 hours after the beginning of graz ing in oalves 3 

and 4 is in agreement with their f indings, the simultaneous increase in both 

the pH and VFA oonoentre..tion of the rumen for the next 4 hours (4-8 hours 

after the beginning of grazing) is not ( table 1 0 ,  fig. 3) . This obser­

vation indicates that the pH of the rumen in young oalves is not wholly 

dependent on the VFA ooncentration of rumen liquor. I t  sugge sts either 

the presenoe of an active lactio acid fennenta tion, or the absence of an 

adequate buffering capacity wi thin the rumen of young calves. Evidence 

that both meohanisms may be involved is presented in the work of Bryant 

et ale ( 1 958) and Eadie, Hobson and MaJm ( 1 959) , who demons trated a 
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persistenoe of lactio acid-producing micro-organisms in the rumen up to the 

age of 1 5  weeks, and by the experiments of Kay ( 1 958) in oalves, and Wilson 

and Tribe ( 1 961 ) in lambs, who noted a 7-8 week period of pos t-natal 

rna tura tion of the parotid glands in these animals. 

Volatile fa tty acids are produced in the rumen by the miorobial 

fennentation of solid fe eds (Annison and Lewis, 1 959 ; Barnett and. Reid, 

1 961 ) .  The microbiological population of the rumen in 1 -6 week-old milk .. 

fed calves is largely oomposed of lactio acid-producing organisms (Bryant 

et al. , 1 958) .  In his review Hobson (Kay and Hobson, 1 963) states that 

the change fran a predaninant� lactio acid-producing flora to a microbial 

popula tion characteristio of the adult rumen is largely a :f'wlc tion of the 

solid feeds consumed. The experiments of Wardrop and Ooanbe ( 1 961 ) in lams 

and Godfrey (1 961 ) and Stewart ( 1 962) in calves indicate that a 2-6 week 

period of time on pasture is required before mature VFA concentrations can 

be demons trated. in the rtmlen. Although grazing in calf' 3 was followed by 

increases in the VFA ooncentration of the rumen similar to those found in 

mature ruminants ( table 1 0) ,  fasting re sulted in a precipitous decline in 

the level of ruminal VFAs ( tables 9 and 1 0) . This observation suggests an 

immature microbial population in the rumen. I t  further indicates tha t the 

demons tration of mature VFA concentra tions in the rumen mAY not oonstitute 

sufficien t evidence to indicate tha t a miorobial popula tion similar to that 

found in adult ruminants has been established. 
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Changes in the Vola tile Fatty Acid and Glucose Concen trations of Portal 

Blood Following Milk Feeding and Following Graz ing (tables 1 1  and 1 2, 

fig. 4 and 5) .  

A gradual pos t-natal decline in the fasting level of circulating 

glucose in the peripheral blood of calves from level s of 90-1 00 mg/100 m1 

a t  birth to 60-65 mg/1 00 ml at 6-7 weeks of age ha s b e en reported by a 

number of workers (McOandle s s  and Dye , 1 950 ;  Martin e t  al . , 1 959; Warner 

et al . ,  1 959) . The limi t ed observations made in the present study 

indicate a similar decrease in the fas ting level of portal blood glucose 

wi th advancing age ( tabl e s  1 1  and 1 2) .  

McCandle s s  and Dye ( 1 950) and Warner e t  ale ( 1 959) al so demons trated 

a decrease in the tolerance of calve s to intravenously impo sed loads of 

glucose during the first 3-4 months of pos t-natal life. The progre ssive 

slowing in the re turn of por tal blood glucose to i ts fas ting c oncentration 

wi th advanc ing age following the feeding of milk ( table 1 1 , f ig. 4) s eems 

to parallel the post-natal decline in the tol erance of bovine s to intra­

venously adminis tered glucose reported by McOandless and Dye ( 1 950) and 

Warner e t  ale ( 1 959) . 

Fas ting concen trations of p ortal blood VFAs differed cons iderably 

in the same calf on separate occasions which were only 1 -5 days apart 

( e . g . calves 3 and 4, tabl es 1 1  and 1 2) .  The exp eriments did not reveal 

an increase in the fas ting l evel of portal blood WAs wi th advancing age 

or with free and continucus acce ss to pas ture ( tables 1 3  and 1 4) .  This 

ob serva tion confonns with that made by Dinda ( cite d  by Pre ston, 1 963) on 

jugular blood in early-weaned calve s ; i t  is no t in agreement wi th the 

findings of e i the r  Martin e t  ale ( 1 959) who no ted low and unchanging 
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s tarvation levels of jugular blood WAs with advancing age, or with those 

of McCartqy and Kesler ( 1 956) , who demonstrated an increase in these levels 

with age. 

The post-prandial inorease in the VFA conoentration of portal blood 

following milk feeding ( table 1 1 ,  fig. 4) in calves in which the oesophageal 

groove appeared to be functioning bas not been reported previously. This 

observation suggests the existance of extra-ruminal source s  of circulating 

WAs. Caeoal fennentation has been shown to aOCOWlt for l ess than 5 % of 

the total WAs produoed in the alimentary traot of mature ruminants (Hungate, 

Phillips, McGregor, Hungate and. Buechner, 1 959) . Volatile fatty acid. pro­

duction in the oaecwn of young ruminants has not been investigated to date. 

Acoordingly one can only speculate · on the oaecal contributions of WAs to 

the portal circulation in calves. I t  is unlikely, however, that this source 

of WAs was wholly responsible for the marked conoentration ohanges observed 

in the portal blood following milk f eeding ( table 1 1 , fig. 4) . The similar 

glucose ani WA ooncentration changes of portal blood ( table 1 1 ,  fig. 4) 

suggest another likely source of circulating WAs, namely the endogenous 

metabolism of absorbed dietary gluoose. Irrespective of the origin of these 

WAs - oaecal fermentation or endogenous metabolism - the experiments indicate 

that VFA absorption studies based on the analysis of blood should not be 

performed in yolUlg ruminants following the feeding of milk. A further 

point which must be kept in mind i s  that roughage oonswnption in milk-fed 

oalves may fail to demonstrate WA absorption, not b ecause of an inability 

to absorb WAs, but because a microbial popul.a tion oapable of fermenting 

solid feeds would not be established under such a feeding system. Under 

these oiroumstanoes the oapaci ty to absorb WAs is better tested by the 

introduction of preformed salts of these acids into the rumen. 
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A comparison can be made between the VFA concentration changes of 

portal blood following grazing in calf 4, and those reported in rna ture 

sheep by Schambye and Phillipson ( 1 949) ,  Schambye (1 951 a & b) , am Annison 

e t  81. ( 1 957) , and in calves several months older than calf' 4 by Waldem 

et  al. ( 1 963) . In tenns of the VFA concentration changes of the rumen and 

of portal blood, this 4-month-old pasture-reared calf was equivalent to a 

rna ture rumi.nan t. 

The absence of a post-prandial h\Yperglycaemia following grazing in 

calf 4 ( table 14, fig. 7) is in agreement wi th observations made in rna ture 

ruminants (Schambye and Phillipson, 1 949 ; Schambye, 1 951 a, b & c; 

Annison et al. , 1 957) , and can be attributed to the microbial fennenta. tion 

of soluble carbohydrates in the rumen (Annison and. Lewis, 1 959) . Although 

the pH and VFA concentration changes of the rumen following grazing in calf 3 

( table 14, fig. 7) are similar to those observed in adult ruminants (Schambye 

and Phillipson, 1 949 ; Schambye, 1 951 a & b i  Armison and LewiS,  1 957) , the 

post-prandial hyperglycaemia noted in this calf is not. Gluco se has been 

shown to be absorbed from the rumen of mature animals following acute star­

vation and. following the removal of rumen contents (Dougherty, Alien, 

Burroughs, Jacobson and. McGilliard., 1 956) and from the intestines of early­

weaned concentrate-fed calves, by the intestinal hydrolysis of dietaxy starch 

which escapes rumen fennentation (Preston and Ndumbe, 1 961 ) .  Regardless of 

whether the post-prandial hyperglyoaemia observed in calf' 3 following grazing 

( table 14, fig. 7) was caused by glucose absorption from the rumen or from 

the intestines, it nevertheless indicates the presence of an "immature" 

miorobial population wi thin the lUIIlen. This observation further suggests 

that the demonstration of high VFA conoentrations in the rumen of pasture­

reared calves by the third or fourth week of age (Godfrey 1 961 ; Stewart, 
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1 962.) need not by itself necessarily consti tute sufficient evidence to 

indica te the es tablishmen t wi thin the rumen of a microbial population 

that is characteristic of the mature ruminant. 

Differences in the Gluoose and Volatile Fat� Acid Concentrations of 

Portal and Jugular Blood Following Milk Feeding ani Following Grazing 

(tables 13, 1 4, 15 and 1 6, fig. 6, 7,', 8 and 9) . 

The glucose concentrations of simultaneously collected portal and 

jugular blood samples were found to be wi thin a few milligrams of one 

another, irrespec tive of whether milk or pas ture was fed ( tables 1 3  and. 

1 4, fig. 6 and 7) . This i s  in agreement wi th th e  observations of Schambye 

and Phillipson ( 1 949) , Schambye ( 1 951 a and b) and Annison e t  al. ( 1 957) 

in mature sheep fed solid test die ts. Although the levels of portal blood 

glucose were usually higher than the corresponding jugular concentrations , 

there were occasions when the opposi te was the case . These occasions 

were encountered at the end of the fasting periods (0 hour samples, calf 3 ,  

table 14, fig. 7 ; calf 4, table 1 3, fig. 6) , and a t  the times when bigh 

concentrations of WAs were rec orded wi thin the rumen and. in the portal 

blood ( tables 1 3  ani 14, fig. 6 and 7) . The inherent limitations of the 

analytioal prooedure ( tables 5 and. 6) may have b e en partly or wholly 

responsible for these seeming discrepanoies. Ano ther likely explanation 

is that gluooneogenesis, from body reserves during starvation and from the 

endogenous me tabolism of absorbed die �  propionate following grazing, is 

accompanied by the lOObilization of glucose, which in turn leads to the 

presence of higher levels of glucose in the peripheral than in the portal 

circula tion. 
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The substantial VFA conoentration differenoes between simultaneously 

oolleoted portal and jugular blood samples following grazing ( table 1 6 ,  

fig. 9) indioate the rapid removal of ab sorbed VFAs from the oiroulation, 

ani are in agreement with the observations made in adult sheep by Sohruril:lye 

and Phillipson (1 949) , Sohambye ( 1 951 a and b ) and Annison e t  al. ( 1 957) . 

They further show that ab sorbed VFAs are roore rapidly oleared from the 

oirculation than has been observed with absorbed glucose. 

The VFA oonoentration differenoes between simul taneously colleoted 

portal and jugular blood samples following milk f eeding ( table 1 5, fig. 8) , 

on the other hand, are much less pronounoed. This apparent lowered 

olearanoe of oircula ting VFAs may be oonsidered a s further evidenoe in 

support of the suggestion that the endogenous metabolism of ab sorbed dietary 

gluoose may give rise to an increased level of oiroula ting VFAs. 

Sln'iIMARY 

1 .  The effeots of advanoing age and free and continuous aooess to pasture 

on VFA ab sorption from the �en were investigated in young oonsoious 

calves by the analysis of portal blood. 

2.  Portal vein oatheters lost their patenoy within 2 weeks after their 

surgical insertion as a result of pos t-operative thrombophlebitis . 

Pro thrombinopoenio and. fibrinolytio medioation delayed but did not 

preven t the developnent of thrombophlebitis. 

3. Long-tenn comparative studies with oalves reared on different dietary 

regimes were preoluded.. Experiments in four Friesian bull-oalves of 

various ages and in different s tages of rumen developnent were there­

fore perf'onned. 
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4. The experiments indicated: -

(a) A decline in the s tarvation level of portal blood gluco se with 

advancing age in four s eparate calves. 

(b ) A reduction in the tolerance of calves to glucose with advancing 

age. 

( c) The existence of extra-ruminal sources of circulating VFAs. 

( d) The rapid removal of absorbed WAs fran the ciroula tion. 

( e) An "i.rrnna. tu.re" microbial population in the rumen of a 1 0-week-old 

weaned pasture-reared calf. 

5. Fasting l evels of circula ting WAs characteristic of the age or diet 

of the oalves were not demons tra ted. 

6. The experiments sugges ted : -

(a) The need for inves tigating the metabolism of glucose in calves . 

(b) The possible value of introducing preformed salts of the WAs 

into the rumen in future absorption studies . 



CHAPTER II 

GLUCOSE : A SOURCE OF STEAM VOLATILE FATTY ACIDS 

IN THE BLOOD OF CALVES 

A post-prandial increase in the VFA concentration of portal blood was 

demonstrated in four Friesian bull.-oalves following milk f eeding (Chapter I ,  

table 1 1 ,  fig. 4) . This increase appeared to be independent of ruminal 

fermentation ( table 9, fig. 2) . Since the VFA and glucose conoentration 

changes of portal blood followed a similar time-oourse ( table 1 1 ,  fig. 4) , 

it was sugge sted that the metabolism of absorbed die tary  gluco se may lead 

to an increase in the level of circulating WAs. 

Three experimental approaches were adopted to detennine the effects of 

an induced biYPerglycaemia on the concentration of circulating WAs. The 

level of gluco se in the blood was enhanced by: 

1 .  The feeding of skim milk supplemented with laotose (Experiment I ) . 

2. The intravenous adminis tration of gluoose (Experiment II ) . 

3. The intravenous administration of adrenaline (Experiment III ) . 
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REVIEW OF LI TERATUBE 

Martin e t  ale ( 1 959) studied the post-prandial ooncentration ohanges 

of glucose and WAs in the jugular blood of young calves fed different 

test diets. Although these workers demonstrated marked elevations in the 

levels of oiroula ting gluoose in jugular blood. following milk f ee ding, 

they did not observe similar inoreases in the WA ooncentrations . 

No reference was found in the literature oonsulted of other attempts 

to investigate the problem in young oalve s. This pauoity of information 

may have been oaused by a preocoupation with the exogenous source s of 

oirculating WAs (Annison and Lewis,  1 959; Barne tt and Reid, 1 961 ) .  

Evidenoe has however aooumula ted over reoent years to indicate both a close 

rela tionship between the metabolism of glucose and WAs and the endogenous 

origin of some of the oiroula ting WAs. 

Jarre tt and Potter ( 1 957) studied the toleranoe of normal and diabe tio 

sheep to imposed loads of intravenously injeoted aoetate ,  propionate and 

butyrate . They reported grossly elevated levels of both glucose and WAs 

in the jugular blood of depanoreatized sheep but not in those made diabe tio 

with alloxan. Reid ( 1 958)  undertook gluoose and aoe tate tolerance tests in 

sheep fed on different diets and observed that the disappearanoe rate s of 

glucose and aoeta te from the ciroula tion were in the same direotion and of 

a similar order of magnitude. Jarrett and Filsell ( 1 961 ) oonduoted aoeta te 

tolerance tests in she ep and showed that the prior-intravenous adminis tra­

tion of glucose led to a IJX)re rapid removal of' acetate from the blood than 

in control experiments in whioh gluco se was not given. On the basis of 

this observation they suggested that gluoose may be important in aiding the 

"utilization" of acetate.  In a short note Lindsay ( 1 959 a) reported that 
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interference wi th  glucose utilization in mature sheep, e . g. by the 

adminis tra tion of insulin, adrenaline or alloxan, resulted in an inorease 

in the level of oiroulating VFAs. 

Endogenous VFAs were demons tra ted. in the blood of sheep by Annison 

( 1 954) . His experiments showed that the VFA fraction of sheep blood. 

oontained. 1 0-30 % fonnio acid. He was unable to deteot this acid in the 

alimentary tract contents and suggested that the formate in peripheral 

blood was endogenous in origin. Further evidence for the endogenous 

contribution of VFAs to the circulation was presented in the radio-isotope 

studies of Annison and White ( 1 962) in sheep and Lee and Williams ( 1 962) 

in cattle. Both groups of workers estimated that approximately 25 % of 

the post-prandial acetate found in the blood was of endogenous origin. 

EXPERIMENTAL 

Experimen t I .  A I!yperglycaernia Induced by the Feeding of Skim Milk 

Supplemented with Lactose 

Ma terials and Methods 

One 36-day-old Friesian bull-calf which had been reared on a diet  

of mi lk  only was used in this experiment (Calf 2,  table 1 ) . A I'\.UIlen fistula 

and a portal vein catheter had been previous� introduoed into this calf 

as was described in Chapter I .  The oalf was fasted for a period of 24 hours 

and was then fed 4 lit of whole milk �.'5 % fat) . Simultaneous samples of 

rumen liquor and portal blooi were colleoted before and at 2-hour intervals 

after feeding. This blood. was analysed for glucose and VFA concentrations 

by the methods described earlier (Chapter I) . A similar procedure was 
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followed on the next day exoept that instead of whole milk 4 lit of skim 

milk containing 1 0  % (w/v) of added laotose (May and Baker) were fed.. 

Results 

Changes in the volatile fatty acid concen trati on and. pH of rumen 

liquor following the feeding of whole milk and following the feeding of 

sldm milk supplemented wi th laotose (table 1 7, fig. 1 0  and 1 1). A.l though 

only minor increases in the VFA concentration of the rumen were observed 

following the feeding of either whole milk or skim milk supplemented with 

lactose, a substantial decline in rumen pH was noted on both occasions 

( table 1 7, fig. 1 0  and 1 1 ) .  The pH of the rumen fell from 7.45-6. 50  

within 2 hours of whole milk feeding (table 1 7, fig. 10) and from 7. 1 0-5.45 

over the first 6 hours following the feeding of skim milk supplemented 

with laotose ( table 1 7, fig. 1 1 ) .  

TABLE 1 7  
Changes in the vola tile fa t� acid cone en tra tion and pH of I'Wlen liquor 
following the feeding of whole milk and following the feeding of skim milk 
supplemented with lactose. 

Tes t Diet 

WHOLE MILK 

SKIM MILK 
+ 

1 0  % LACTOSE 

Time 
at ter feeding 

hr 

0 
2 
4 
6 
8 

24-

0 
2 
4 
6 
8 

24 

R U M E N  L I Q U O R 

VFA pH 
m-moles/lit 

22. 1 6 7.45 
37. 37 6 .50 
32. 28 6 . 67 
25.52 6 .85 
1 7. 96 7.?fJ 
1 2. 59 7. 50 

1 2. 59 7. 50 
1 7.40 7. 1 0  
28. 93 5.81 
1 9. 97 5.45 
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Changes in the glucose and vola tile fa tty acid concentra tiona of 

portal blood following the feeding of whole milk and following the feeding 

of skim milk supplemented with lactose (table 1 8, fig. 1 2  and. 13). A pos t-

prandial inorease in the glucose and. VFA concentrations of portal blood 

was observed following the feeding of both test diets ( table 1 8, fig. 1 2  

and 1 3) .  Grea ter changes in the gluoose and VFA levels of portal blood 

were reoorded. after the consumption of skim milk supplemented with lactose 

than when a sUnilar volume of whole milk was fed ( table 1 8, fig. 1 2  am 1 3) .  

TABLE 1 8  

Changes in the glucose and vola tile fa tty aoid concen tra tiona of portal 
blood following the feeding of whole milk and following the feeding of 
skim milk supplemented with laotose. 

Time P O R T A L  B L O O D  

after feeding Glucose VFA hr mg/1 00 m1 m-omoles/lit 

Test Diet 

0 59.84- 0. 58 
2 1 39.96 0.89 
4 1 08.40 

WHOLE MILK 6 75.20 0. 69 
8 81 .20 0. 79 

24 65. 70 0. 60 

0 65. 70 0. 60 
SRIM MILK 2 1 75.00 2.02 

+ 4 1 85. 33 1 .08 
1 0 % !ACroSE 6 1 95.87 

8 1 75. 62 0. 71 
24 84. 1 1  0. 63 

The pre-feeding concentration of portal blood glucose rose from a 

level of 59.84 to 1 39. 96 mg/1 00 ml during the first 2 hours after whole 



- 57 -

milk feeding and then declined to a level of 75.20 mg/100 ml wi thin 6 hours 

after feeding ( table 1 8 ,  fig. 1 2) .  In contrast the conoentration of 

gluoose in the portal blood rose from 65. 70 to 1 75.00 mg/1 00 ml wi thin 

2 hours after the feeding of skim milk supplemented wi th laotose, and 

oontinued to rise over the next 4 hours so that a level of 1 95.87 mg/100 ml 

was deteoted 6 hours after feeding ( table 1 8,  fig. 1 3) .  

Portal blood WAs rose fran 0.58 to 0.89 m-moles/lit during the first 

2 hours after whole milk feeding ( table 1 8, fig. 1 2) and. fran 0. 60 to 2.02 

m-moles/li t over the same period following the feeding of skim milk 

supplemented with lactose ( table 1 8, fig. 1 3) .  This high portal blood. VFA 

oonoentra tion, unlike the hyperglyoaemi.a, was not maintained; it deolined 

preoipi tously to a level of 1 .08 m-moles/li t 4 hours after feeding 

( table 1 8, fig. 1 3) .  

E;periment II . A Hyperglyoaemia Induced by the Intravenous 

Injeotion of Glucose 

Ma terials and Me thods 

Four bull-oalves were used in this study. Details of their age , 

breed and weight are presented in table 1 9. Jugular vein oa theters were 

introduoed into these calves on the day preoeding the experiments in a 

manner similar to that desoribed in Ohapter I .  The oalves were fasted 

for 24 hours off milk and. 48 hours off pasture. A hyperglyoaemia was 

induoed at the end of the fasting period by the intravenous injeotion of' 

a 50 % (w/v) aqueous solution of D-glucose ( autoolaved at 1 1 500. for 30 

minutes) into the juguJ.ar vein; as was the praotioe adopted by Reid ( 1 958) 

in sheep. Two glucose dose rates were used, namely: 1 grzv'k.g of body weight 



Oalf 

5 
6 
7 
8 

nBLE 1 9  

Details ooncerning the breed, age, weight and age at weaning of the oalves that were used in the 
intravenous glucose infusion experiments. 

Weaned 
days 

Age Weight Quantity o� Starvation ot� 
Breed 

Friesian 
Friesian 
Jersey 

Jersey 

70 
69 

days kg 

57 55 
57 59 

1 02 68 
1 01 60 

TABLE 20 

gluoose administered Milk Pasture 
gm hr hr 

55 24- 4B 
59 24- 4B 
34- 24 
30 24-

Ohanges in the glucose and volatile fatt.y acid ooncentrations of jugular blood following the intravenous injection 
o� 50 % (w/v) D-glucose and. �ollowing the intravenous injection o� 0.9  % NaGl. 

Glucose 
Vol. of 0.9 % J U G U L A R  G L U C O S E  J U G U L A R V F A 

NaOl mg/100 ml m-moles/lit 
Oalf admj nis tered administered 0 1 5  60 1 20 1 80 0 1 5  60 1 20 1 80 

gm ml min min min min min min min min min min 

5 55 - 51 .83 239.84- 1 45 . 93 81 . 71 38. 82 1 . 33 4.86 4.27 1 . 95 0. 94 
6 59 - 61 . 75 301 . 28 200.43 1 36. 75 92. 31 1 .40 6. 1 9  4. 24 2.97 2.57 
7 34- - 45.09 204. 60 1 31 . 29 82.82 51 .53 2.20 3. 61 3. 82 2.80 2.38 
8 30 - 41 .41 1 78.83 1 20. 25 80. 98 54.29 1 . 90 4.27 3. 60. 2. 27 2.09 
7 - 68 47. 51 47. 83 47.20 43.48 39.48 2. 68 2.42 2.26 2. 23 2.53 
8 - 60 35. 09 40.37 40.99 40. 37 37. 58 2. 01 2.05 2. 27 2. 14 2 . 1 4  
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in calves 5 and 6,  and 0. 5 gm/kg of body weight in calves 7 and. 8 ( table 1 9) .  

Irrespective of its volume, the glucose solution was administered over a 

period of 2 minutes. 

Jugular blood samples were collected before and at intervals after 

the administration of glucose. These srunples were retained for glucose and 

VFA analyses. The chemioal methods used were those desoribed in Chapter I .  

Control trials using sterile 0. 9 % NaCl ( 1  ml/kg of' body weight) were 

oonducted in the case of calves 7 and 8. 

Results 

Changes in the glucose and volatile f'at� acid concentrations of 

jugular blood following the intravenous injection of 50 % (w/v) D-gluoose 

and following the intravenous injeotion of 0.9 % NaCl (table 20, fig. 14 

and 1 5).  The intravenous administration of D-glucose was followed by an 

increase in the concentrations of' both glucose and WAs in the jugular 

blood ( table 20, fig. 14) .  Greater increases in jugular gluoose and VFA 

levels were observed in calves 5 and 6, which received 1 gm of D-glucose/kg 

of body weight, than in calves 7 and. 8, which were given 0.5 gin of D­

glucose/kg of body weight ( table 20, fig. 1 4) .  The severity of the hyper­

glycaemia did not however appear to be proportional to the dose ra te of 

glucose administered. In each of the four calves tested the elevated 

jugular glucose and VFA levels returned to the fasting concentrations at 

similar ra tas ( table 20, fig. 1 4) .  

Only minor fluctua. tions in the glucose and VF! conoentra tions of' 

jugular blood were observed in control experiments in which 0. 9 % NaOl 

was administered instead of the 50 % (w/v) D-gluoose solution. 
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Experiment III . A Hypergl,yoaemia Induoed by the Intravenous 

Injeotion of Adrenaline 

Materials and Methods 

Changes in the glucose and VFA oonoentra tiona ot jugular blood following 

the intravenous administration of adrenaline were studied in oalves 7, 8, 9 

and 1 0. Details of the breed, age, sex and weight are shown in table 21 .  

TABLE 21 

Details oonoerning the breed, age, sex and weight of the oalves used in the 
adrenaline experiment. 

Calt Breed Age Sex Weight 
days kg 

7 Jersey 1 07 Male 68 

8 Jersey 106 Male 60 

9 Jersey 1 22 Male 65 

1 0  Jersey 1 1 5  Male 63 

All tour oalves had been previously weaned onto pasture, a mixture of white 

olover, short-rotation and. long-rotation rye grass. Jugular vein oatheters 

were introduoed, as was desoribed in Chapter I ,  on the � preoeding the 

experiments. The oalves were fasted for a period of 24 hours prior to the 

administration ot adrenaline. A dose rate of 5 )lg1Jl  of adrenaline (May and 

Baker)/kg of body weight was given to all the oalves. The adrenaline was 

first made up to a volume of 10 ml with sterile 0.9 % NaCl, and. was then 

injected through the jugular vein oatheter over a period of 1 minute. 

Samples of jugular blood were oollected before and at 2, 10  and. 20 minutes 

after the administration of adrenaline. These blood samples were later 

analysed tor their gluoose and VFA concentrations by the methods described 



TABLE 22 

Changes in the glucose and. volatile fatty acid concentrations of jugular blood following the intravenous injection 
of adrenaline. 

J U G U L A R B L O O D G L U C O S E J U G U L A R  B L O O D  V F A  
mg/1 00 ml IIMDOles/lit 

O A L F  
0 2 1 0 20 0 2 1 0  20 

min min min min min min min min 

7 39. 94 42.53 47. 70 35.91 2. 1 7  2.20 2. 1 5  2 . 51 
8 30.75 48. 27 43. 39 40.80 1 . 90 1 . 98 2 . 62 2.1 3  
9 53. 57 66.29 64.51 61 . 1 6 2.06 2. 67 2.39 2.41 

1 0  43.08 41+.87 51 . 1 2 55. 1 3  1 . 94 2.02 1 . 94 2.26 

TABLE 23 

Changes in the glucose and vola. tile fa tty acid concentrations of jugula.r blood following the intravenous injection I 
of 0. 9 % NaOl. � 

I 
J U G U L A R  B L O O D G L U C O S E  J U G U L A R  B L O O D  V F A  

mg/100 ml m-moles/lit 
O A L F 

0 2 1 0  20 0 2 10 20 
min min min min min min min min 

7 41 .87 41 . 57 41 .57 43.37 1 . 94 2. 1 1  1 . 76 2. 1 8  
8 29. 52 28. 31 30.42 32. 22 1 . 34 1 . 63 1 . 66 1 . 96 
9 47.74 50.00 50.00 4.8.49 1 .81 1 .85 1 . 93 1 . 91 

1 0  44.22 43.22 45.98 44. 72 2.29 2. 1 1  2 .30 2.09 
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in Chap ter I .  

Control experiments were perfonned in all the calves one week after 

the adrenaline trials. The procedures used in these control experiments 

were similar to those described above, except that 10 ml of 0. 9 % NaCI 

oontaining no adrenaline was administered. 

Results 

Changes in the glucose and volatile fatty acid concentrations of 

jugular blood following the intravenous injection of adrenaline and following 

the intravenous injection of 0. 9 % NaCI (tables 22 and 23, fig. 1 6  and 17).  

The level"s of jugular blood glucose in the present experiments were apparently 

not affeoted by either the injection of solutions into or the collection of 

blood samples from the jugular vein. Only minor fluctuations in the glucose 

concentrations of jugular blood were noted in the control experiments when 

0. 9 % NaCI was administered ( table 23,  fig. 1 7) .  In contrast definite 

increases in the glucose concentrations of jugular blood were recorded in 

all the oalves following the administration of adrenaline ( table 22, fig. 1 6) . 

These induced hyperglyoaemias followed different time-courses in the individual 

oalves. In calves 8 and 9 the highest glucose ooncentration was detected 

2 minutes following the administration of adrenaline and after 1 0  minutes 

and 20 minutes in calves 7 and. 1 0  respectivels' ( table 22, fig. 1 6) .  

Increases in the VFA concentration of jugular blood following the 

intravenous administration of adrenaline were demonstrated in all four 

oalves ( table 22, fig. 1 6) .  These increases, although apparently more 

delayed, nevertheless seemed to parallel the rise in blood glucose oon­

centrations. 
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DISCUSSION 

Experiment I.  A fiyperglyoaemia Induoed by the Feeding of Skim Milk 

Supplemented with Laotose (tables 17 and 1 8, fig. 1 0, 1 1 ,  1 2  and 13).  

The VFA o onoentra tions and pH ohanges of the rumen observed following 

the feeding of 4- lit of either whole milk or skim milk supplemented wi th 

laotose ( table 1 7, fig. 1 0  and 1 1 )  iniioa te the entry of a portion of 

these test die ts into the rumen. Both Warner et ale ( 1 956) and Tamate et 

ale ( 1 962) have demonstrated that the aboma sal oapaoit,y in calves of a 

similar age and breed to oalf 2 is considerably less than 4- lit. Camline 

and Ti tchen ( 1 951 ) have shown tha t abomasal distention in decerebrate 

prepara tions leads to an inhibiti on of the reflex closure of the oesophageal 

groove wi th the consequent entry of fluids into the rumen. 

Bryant et ale ( 1 958) demons trated the persistence of lactic acid­

producing bacteria in the rumen of milk-fed calves with advancing age . 

Consumption of large quantities of soluble carbohydrate by ma ture ruminants 

is fr.equen� followed by a retarded rate of VFA production and by a rapid 

and precipitous decline in rumen pH. This a typical fermentation is 

attributed to the rapid proliferation of lactic acid-producing micro-

organisms (A.rmison and Lewis, 1 959) . In the present s tudy only minor increases 

in the VFA levels of the rumen were observed following the feeding of both 

test die ts ( table 1 7, f ig. 1 0  and 1 1 ) .  The pH changes of the rumen, however, 

did not appear to be solely dep endent on i ts VFA concentrations, since a 

grea ter decline in pH was recorded wi th skim milk supplemented wi th 

lac tose than with whole milk ( table 1 7, fig. 10  and 1 1 ) .  These ob serva tiona 

sugges t  a predominan� lactic acid-producing fermentation in the rumen of 

the b-week--old mH.k-t'ed: calf used in the present stud;y", and are in agreement 
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with the findings of Bryant et al. ( 1 958) . 

Post-prandial inoreases in portal blood VFA levels were observed 

with both test diets ( table 18, fig. 1 2  and 1 3) .  I t is unlikely that these 

increas es were wholly caused by VFAs originating in the rtmen, since only 

minor el evations in runen VFA concentrations were recorded. HWlgate et al. 

( 1 959) have demonstrated that the ca.eoum contributes less than 5 % of the 

total WAs produced in the alimentary traot of ma. ture ruminants. On the 

basis of this obs ervation, it is also improbable tha t the caeown could have, 

by itself, aooounted for all the portal blood VFA concentration ohanges 

observed in the present study. The absence of a substantial transfer of 

VFAs frc. the alimentary traot therefore suggests that the enhanoed pos t­

prandial VFA oonoentra tions of portal blood noted after the f eeding of both 

test diets originated largely f� endogenous sources. 

Grea ter post-prandial increases in both the glucos e and VFA ooncentra­

tions of portal blood were reoorded af ter the feeding of' skim milk 

supplemented with laotose than when whole milk was f'ed ( table 1 8, fig. 1 2  

and 1 3) .  These observations indicate tha t the post-prandial increases in 

portal blood VFA levels were at least in part caused by the metabolism of 

absorbed dietary glucose. 

The complications associated with the chronic catheterization of the 

portal. vein (Chapter I )  preoluded the repe tition of' this experiment in 

other calves. 
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Experiment II . A Hypergl,yoaemia Induced by the Intravenous Injection of 

Glucose (table 20, fig. 14  and. 15) . 

Both McCandless and. Dye (1 950) and Warner et ale ( 1 959) conduoted 

gluc ose tolerance tests in calves. Neither group of workers, however, 

studied t� possible relationship be tween the levels of oirculating glucose 

ani VFAs in peripheral blood. Evidence of such a rela tionsbip is pre sented 

in the present study by: -

1 .  The simultaneous increases in both gluoose and VFA concentrations 

of jugular blood observed in all four calves following "the 

intravenous adminis tration of gluc ose into the jugular vein 

( table 20, fig. 14) . 

2.  The gradual and similar re mm of both these enhanoed ooncentrations 

to their pre-injeotion levels in all four calves ( table 20, fig. 1 4) • 

Experiment III . A !:Jyperglycaemia Induced by the Intravenous Injection of 

Adrenaline (table 22, fig. 1 6) .  

Further evidence to indicate a relationship between the levels of 

ciroula ting glucose and VFAs in jugular blood is pre sented in this study 

by the intravenous administration of adrenaline. Although the time-course 

of the adrenaline-induced h3Perglyoaemias diff ered in the individual oalves, 

they were nevertheless aooompanied by increased, but frequently delayed, 

concentrations of VFAs ( table 22, fig. 1 6) . This observation is in agree­

ment with the findings of Liniaay ( 1 961 ) who observed an increase in the 

ooncentrations of plasma. aoetate following the intravenous infusion of 

adrenaline in sheep. 
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General 

In the present study the VFA concentrations of blood were detennined 

by steam dis tillation of the ooncen trated pro tein-free filtrate s of blood 

ani the titration of t he distillate s with s tandard. alkali. No attempt was 

made to identify the components o-r the distillates. I t  is unlikely that 

the dis tillates contained high levels of interfering oompounds, e.g. laotate , 

pyruvate , B-�dro�but.Yrate and chloride since the analytical prooedure 

(Annison, 1 954) was specifioally designed to both minjmize their effeots 

and prevent the breakdown of fonnate. The VFA ooncentration ohanges 

observed in a.ll three experiments were therefore probably a reflection of 

changes in the oiroula ting levels of formic, acetic and propionio acids. 

In vitro studies iniica te that the metabolio pa tbways of oarbohJrd,ra tes, 

lipids and proteins converge and meet on common ground in acetyl coenzyme A 

( aoetyl CoA) , the biologically active form of acetate, and that al\Y inter­

ference with the metabolism of any one of these three nutrients i s  likely 

to be media ted to the other two through ace tyl CoA. I t is also reasonable 

to expect a state of eq)lilibrium to exist be tween intracellular ace tyl CaA 

and. extracellular free acetate. An induced �erglyoa.emi.a oould conceivably 

lead to a sa tura tion of glucose me tabolic pathways. This sa tura t ion oould 

in tum result, through a possible temporary shortage of either CoA or 

oxaloaoetate, in increased levels of free acetate and fonnate in the blood 

(fig. 1 8) .  

The importance of glucose in the energy metabolism of simple-s tomached 

animal s is well-es tablished. Circulating glucose in these animals has been 

shown to origina te in both the alimentary tract and in the glycogen reserves 

of the body, and its level has been demonstrated to be Wlder the oontrol of 
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a number of hormones that inolude insulin, gluoagon, adrenaline, growth 

hormones and adrenal steroids. The glucose ooncentration of the blood at 

a.I1iY one time represen ts the end-result of a complex of at least four 

identifiable pnysiologioal prooesses, namely, intestinal absorption of 

glucose, glucose mobilization from g�cogen reserves, gluoose uptake by 

the tissues and the neuro-endocrine control of these three prooesses. 

Al though glucose absorption from the alimentary traot of rna ture 

ruminants is limited (Sohambye, 1 9519 ;  Annison et al. , 1 957; Fries and. 

Oonner, 1960;  Bensadoun et  al. , 1 962) and despite the faot that these 

animals have comparatively low levels of oiroulating glucose in their 

blood (McCandless and Dye, 1 950) ,  glucose nevertheless plays as important 

a role in their energy metabolism as it doe s in simple-stcxnaohed animals. 
r 

Reoent radio-isotope infusion studies indioate that the gluoose utilization 

ra te s per uni t of me tabolic body-size are of the same rnagni tude in rna ture 

rwninants as those found in mono gas trio animals (Annison and White , 1 961 ; 

Davis and Brown, 1 962 ; Ford, 1 964) . In the absence of a substantial 

supply of gluoose from the alimentary traot, Lindsay ( 1 959 b) suggests that 

the greater part of oiroulating glucose found in the blood of mature 

ruminants is formed by gluconeogenesis from absorbed dietary propionate. 

The levels of ciroulating WAs have , until recently, been oonsidered. 

to be largely dependent on the conoentrations of these acids in the rumen 

(Masson and Phillipson, 1 951 ; Tsuda, 1 956 ; Annison et al. , 1 957; Dobson, 

1 961 ; Annison, 1 965) , and to be independent of endoorine control 

(Lindsay, 1 961 ) .  Evidence has however aooumulated to suggest that the 

si tua tion is more oomplex. Substantial endogenous oontributions of VFAs 

to the oirculation were revealed. by the radio-isotope studies of Annison 

and White ( 1 962) , and Lee and Williams ( 1 962) . The experiments of Jarrett 
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and. Potter ( 1 957) ,  Reid ( 1 958) , Lindsay ( 1 95�), JUTett and Filsell (1 961 ) 

and. Lindsay ( 1 961 ) ,  a.s well as those desori bed in this ohap ter, suggest 

that the circulating levels of these endogenous WAs are regulated, at 

least in part, by the gluoose concentrations of the blood, and may there­

fore be under indirect endocrine control. 

Attempts to investigate the effects of advancing age and diet on the 

absorption of WAs from the rumen of conscious calves by the analysis of 

portal blood were complioa ted by the difficulties enoountered in maintaining 

the patency of portal vein catheters and. by the endogenous contributions of 

WAs to the oircula tion. These canplications did not, however, exolude the 

possibili ty that VFA transport aoross the rumen wall could still be studied, 

in conscious calves, either by the a.ppearance of these acids in the peri­

pheral oircula tion, or by their disappearance from the rumen; and in 

anaesthetized preparations, by the analysis of rumen effluent blood. 

SUMMARY 

1 .  Three experiments were perfonned to determine the effeots of an induoed 

hyperglyoaemia on the concentration of oirculating VFAs in calves. 

2. The level of glucose in the blood was enhanced by:-

(a) the f eeding of skim milk supplemented with lactose (Experiment I)  

(b) the intravenous administration of gluoose (Experiment II) 

( 0) the intravenous a.dministration of adrenaline (Experiment III) 

3. These experiments demonstrated: -

(a) the presence of endogenous sources of oirculating VFAs 

(b) a relationship between the levels of circulating glucose and VFAs. 
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4. The experiments were disoussed in the light of the literature. 

5. The experiments suggested: -

( a) the investigation of VFA absorption in oonsoious oalves by the 

ana�sis of peripheral blood. 

(b) the introduc tion of preformed. VFAs into the rumen in future 

studies. 



CHAPTER III 

STUDIES ON THE ABSORPTION AND METABOLISM OF PREFORMED VOLA.'fi LE  FATTY ACIDS 

IN CONSCIOUS OALVES 

BY THE ANALYSI S OF JUGULAR BLOOD 

The investigation of VFA absorp tion fran the rumen by analysis of 

portal blood proved to be impraotioal in oonscious calves (Chapter I ) . 

Long-tenn campara tive s1udies in the sazre calves were precluded. by the 

difficul ties encountered in maintaining patent portal vein catheters. 

Experiments on four separate oalves, of differe nt ages and in various 

s tages of rumen developnent, demonstrated post-prandial increases in 

portal blood WA levels following whole-milk f eeding ( Ohapter I) . These 

experiments suggested the introduotion of' prefonned salts of the WAs 

into the rumen in future experiments ooncerned with the absorption of' 

these aoids fran the f'ore-staDaoh. A relationship between the oirculating 

oonoentra tions of gluoose and WAs in the blood was also noted in these 

experiments (Chapters I ani II ) and wan-anted further investigation in 

oalves. 

Sutton et ale ( 1 963) were able to demonstrate acetio aoid absorption 

from the rumen by changes in the levels of this acid relative to poly­

eth8'lene glyool ( a  marker) in a solution oontaining known concentrations 

of these oompounds following its introduotion into tile rumen (page 1 0) .  
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They oould n o t, however, deteot the appearanoe of aoetio acid in jugular 

blo<Xi. Sutton ani his c olleagues intr<Xiuc ed test solutions into the s tarved 

and emptied rumen through a rumen fistula ,  ani prevente d the entry of s aliva 

in to the f' ore-stanaoh by inf lating a b alloon in the oesophagu s. These 

prooedures h ave all been shown to deorease VFA transport, and. the ourtail­

ment of these prooedures o ould oonoeivably result in a gre ater rate of 

absorption "than was noted in the studies of' Su tton and his co-.vorkers. 

The metabolism of WAs by rlUllen epithelium was stu died by Pennington 

( 1 952, 1 951f.) who also showed tha t t he epithelium has a greater pref'erenoe 

f'or bu tyrate and propionate than for aceta te .  Introduc tion of' bu tyrio 

and pro pionio aci d s  together with acetio aoid into the rumen ooul d  possibly 

enhance the me tabolio activity of' rumen epithelium (Annstrong, Blaxter 

and Graham, 1 957) and result in an inoreased ra te of VFA transport. 

Al trough the studies of SohaIIibye ( 1 951 a) and. Annison et ale ( 1 957) 

demonstra ted re.pid h ep a  tio removal of absorbed WAs from the peripher al 

oiroula tion in adul t  ruminants, the experiments of Sutton et ale (1 963) 

suggested that it might be f'easible t o  study VFA absorp ti on f'ran the rumen 

by the analysis of' peripheral b lood if' the following lOO difioations to 

their technique were a dopted, namely: -

( a) a buffered WA s olution to be introduoed into the rumen following 

a 24,.-hour pe rio d  of' fa sting off' milk and 4B hou rs of'f' pasture, instead 

of' into the partially isolated, washed and emptied rumen of s tarved 

animals ; 

(b) the introduction in to the rumen of a buf'f'ered solution containing 

the salts of aoetio, propionio and bu tyrio aoids in s tea d of acetic 

aoid only. 
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The effeots of advanoing age and die t  on VFA absorption and. metabolism 

were investigated, in the experiments desoribed in this chapter, by the 

analysis of jugular blood. Two pairs of Fries ian bull-oalves were used in 

these experiments. One pair was reared on a diet of milk only (Milk Fed 

Calves No. 1 1  and 1 2) am the o ther pair was f ed milk and had oontinuous 

aooess to pas ture fran the age of 10 days onwards (Pasture Fed Oalves No. 

1 3  and 14) . Absorp tion was s tudied by the appearanoe of VFAs in jugular 

blood following th e  introduction into "the rumen of a buffered solution 

containing the salts of acetio, propionio and butyrio aoid (Experiment IV) . 

Utiliza tion was investigated by the olearanoe o f  intravenously imposed 

loads of WAs fran the peripheral oiroula tion (Experwen t V) . 

REVIEW OF LITERATURE 

Absorption of Prefonned Volatile Fatty Aoids fran the Rumen of Consoious 

Calves Studied by the Analysis of Jugular Blood 

Martin et ale (1959) and Sutton et al. (1963) studied the absorption 

of WAs from the rumen of oonsoious calves by the analysis of jugular 

blood. The re sults of their s tudies were reviewed on pages 7-10. 

Me tabolism of Pref'onned Vola tile Fa tV Acids in Consoious Oalves S twied 

by the Analysis of Jugular Blood 

Volatile fatty aoid metabolism was o riginally inve stigated in adult 

ruminants by means of intravenous tolerance tests. A serious limitation 

to this experimental teolurlque is that VFA utilization oan only be studied 

under unph\Ysiologioally high and. oontinuously deolining o irculating 
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ooncentra tions (Annison and Lindsay, 1 961 ) • 

Jarrett, Potter ani FUsell ( 1 952) ani Pugh and Soarisbriok ( 1 952) were 

the first to report an aoe tate toleranoe tests in ruminants. Both groups 

of workers demonstrated that the olearanoe of intravenous� imposed loads 

of aoetate from the peripheral oiroulation was slower in mature sheep than 

in either oats (Sl'I\Y'th, 1 947) or dogs (Oiaranfi and Formesu, 1 954) . Jarrett 

and. his oo-workers injeoted aoe tate over a period. of 5-10 minutes at a 

dose of 5 m-moles/kg of body weight and showed tha t blood aoe ta  te returned. 

to wi thin 1 0  mg % of the pre-injeotion level wi thin 70 minutes. Pugh 

and Soarisbriok injeoted a solution of sodium aoetate into the peripheral. 

oirculation of normal and ke totio sheep at a do se of 8.3 m-mol es/kg of 

body weight and observed similar aoeta te tolerance re. tes in the oontrol 

sheep to those reported by Jarrett et ale ( 1 952) . Aoetate utilization 

was depressed in the sheep suffering from ketosis. 

Jarrett and Potter ( 1 957) uniertook aoetate, prop ionate and butyra te 

toleranoe tests on normal sheep and on sheep made diabe tio by th e  injeotion 

of alloxan and by panoreateo"taoy. The se workers ob served a delay in the 

olearanoe of injeoted WAs fran the sys temio oiroula tion of the diabetio 

sheep. The delay was more pronounced with acetate than with either 

propionate or butyrate. Partial failure of diabetio sheep to utilize 

WAs was suggested as a like� explanation for these observations . 

Aoetate tolerance te sts on sheep fed different die ts were performed 

by Reid ( 1 958) , who noted that the disappearanoe of injeoted acetate from 

the peripheral oiroula tion was affeoted by the na ture  of the diet and by 

fasting. The modifying effeots of the diet on aoetate tolerance in sheep 

was later oonfirmed by th e  exper:iments of Jarrett and Filsell ( 1 9&» . 
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Jarrett and Filsell ( 1 961 ) conduc ted aoetate tolerance tests in 

normal she ep and in sheep made hyperglycaemio by the intravenous injec-

tion of glucose. They noted that acetate clearance was more rapid in the 

hiYPerglycaemic sheep than in the control animals, and suggested that the 

modifying effect of the diet on acetate tolerance noted earlier by Reid 

( 1 9.58) and Jarrett and Fil sell ( 1 960) might have been caus ed by an enhanoed 

ruminal production of gluooneogenic propionate from low-fib er feeds. 

The eff eo t of dietary protein supplements on the toleranoe of sheep 

to acetate and propionate was studied by Egan ( 1 965) . An improvement in 

the utilization of intravenously administered aoetate was ob served in sheep 

fed ad libi tum low-quality oaten chaff when the diet was supplemented wi th  , 
casein or when oasein was infused direotly into the duedenum. Propionate 

tolerance was also improved by the addition of casein w the low-pro tein 

oaten ohaff diet. 

Ciroula ting WAs in the blood of rna ture ruminants were originally 

considered to arise largely from exogenous sources located mainly in the 

rumen and to a l esser extent in the caeoum and. colon also. Recent radio-

isotope studies (Davi s et al. , 1 960 ; Annison and White, 1 962; Lee and. 

Williams , 1 962) have however indicated the endogenous origin of a substan-

tial portion (25-40 %) of these oirculating WAs. The experiments of 

Annison and Lindsay ( 1 961 ) ,  Sabine and. Conner Johnson ( 1 964.) and Conner 

Johnson et al e  ( 1  965) have further shown that the turnover rates of pool 

aoeta te in adult ruminants are extremely rapid, ranging fran 2-4 minutes. 

No reference was f ound in the literature consul ted to any studies on 

the toleraooe of young oalves to intravenously imposed loads of the WAs. 

Young, Tove and Rams ey ( 1 964) used radio-isotope teohniques to investigate 
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the effect of advanoing age on VFA metabolism in calves fed. on milk only. 

These workers infused 1 -014 aoetate, -propionate and -butyrate into the 

oiroulation of milk-fed oalves and monitored the expired air for 01 402 

aotivity. Altoough they did not mention the lower age of the animals, 

their re sults indioated that the milk-fed calves up to the age of 80 days 

were capable of metabolizing large quantities of WAs. Young and his 

oolleagues were unable to deteot any significant differenoes in the 

metabolism of these acids that oould be attributed to either an individual 

aoid or to the age of the calves. 

EXPERIMENTAL 

Experimen tal Animals 

Four Friesian bull-oalves were randanly divided into two pairs 

following a 2-day period of oolostrum feeding. One pair of calves (No. 1 1  

and 1 2) was reared on a diet of milk only (Milk Fed Calves) and the other 

pair (No. 1 3  ani 1 4) had, in addition to milk, oontinuous acoess to pasture 

fran the age of 10 days onwards (Pasture Fed Calves) .  All the calves were 

bucket-fed whole Jersey milk twioe daily at the rate of 1 2.5 % of' body 

weight. A teaspoon of' mineralized salt, the oomposi tion of which is 

presented in table 24, was dissolved in the milk of each calf at the 

morning feeding. 
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TABLE 24 

Traoe mineralized salt mix1llre, Feed Trade Manual Edition No. 6,  1 957, 
published by National lI.iller Publication Ino. , 6 E. MaDonald Rd.. , Prospeot 
Heights, Ill. 

I ngredient 

Iodized Salt 

Cobal t Carbonate 

Copper Sulfate 

Ferrous Sulfate 

Ferrio Citrate 

Manganese Sulf'a te 

Cobalt 

Oopper 

I ron 

Manganese 

NaCl 

Caloula ted Analys is 

% 

99.0 

0.062 

0. 25 

0.1 88 

0. 1 8 7  

0 . 31 3 

0.01 3 

0. 020 

0.05 

0. 1 0  

99.0 

Milk-fed calves were reared in conore te pens on slatted wooden frames. 

Pasture-fed calves were weaned at the age of 70 days after reduoing the 

daily milk allowanoe during the eighth and ninth week to 6 % of body 

weight. The oalves were weighed at weekly intervals, and their milk intake 

adjus ted aooordingly ( table 25) . 

A Jarrett cannula was introduced into the rumen when the calves were 

6-8 days old. The packed oell volume and haemoglobin conoentra tion 

(Sahli ' s  Method) of blooi were detennined at regular intervals with 

advanoing age ( table 25) . 



TABLE 25 

Details conoerning the growth rates of the calves together with the haemoglobin ooncentrations and the packed 
cell volume of their blood. 

G Growth Ra. te Kg/Day Haemoglobin Gm/1 00 Ml Blood. Packed Oell Volume % 
R 
0 Ca.J.f' Birth to 40-75 75-1 1 0  u No. 5 days 3O · days 65 days 1 00  days 5 days 30 days 65 days 1 00  days 
P 40 days days days 

lit 1 1  0.52 0.79 0.87 1 0. 5  1 0. 5  7. 0 8.0 35 33 26 28 
I 
L 1 2 0. 64- 0. 92 0. 58 1 4. 5  1 3.0 9.0 9.5  51 46 31 36 
K 

P 
A 

36 S 1 3 0. 69 0.88 0. 36 1 1 . 0 1 2. 0  1 1 . 5 1 0. 5  37 39 40 
T 
u 1 4  0. 65 0.82 0.26 1 5.0 1 3.0 1 1 . 5 1 1 . 5 54 42 41 40 
R 
E 

ex> 
I\) 
I 
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Fis tula tion of the Rumen 

The rumen was fis tulated under general anaesthes ia following a 24-hour 

period. of fasting. A tropine sulpha te was subcutaneously adminis tered a t  

a dose of' 1 mg/1 0 kg of body weight. Anaesthesia was induced with Halo thane 

(Fluothane, Imperial Ohemioal Indus tries) by the open mask technique and. 

maintained with e ther after endotracheal intubation. 

Entry into the abdominal cavity was gained through a 5 om paraco stal 

skin incis ion looated on the dorsal aspeot of the lett paralumbar fossa. 

Allis f orceps were used to align 'the posterior dorsal sac of the rumen 

wi th the skin incision. The rl.lllen wall was sewn, along both sides of the 

skin inoision, to peritoneum and abdominal musole layers , with a oontinuous 

catgut suture . A vertical inoision, appro x ima tely 4- om long, was then made 

in the exposed rumen wall, the edges of whioh were in turn sewn to the skin 

with interrupted I\Ylon monofilament thread sutures. 

A Jarrett ( 1 948) Camlula was introduced into the f iB tulated rumen ani 

re tained in posi tion with a polyvinylchloride wa sher. Prophylactio 

medica tion against infection was started upon the canple tion of surgery 

and. oontinued for 4-6 days pos t-operatively. This entailed the daily 

intra-muscular injection of one million units of penioillin (Benethamine 

Penioillin, Glaxo) and the dusting of surgical wounds with neOlI\Yoin am. 

baoi tracin ;powder (Oiea trin, Oalmio) . 

Oatheterization of the Jugular Vein 

Jugular vein ea theters were introduced as was desoribed in Chapter I .  
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Expermen t IV. Absorption of Preformed Vola tile Fa tty Aoids fran the 

Rumen of Consoious Calves Studied by the Analysis of Jugular Blood 

Volatile fatty acid absorption tests were conducted at the age of 

40, 75 and 1 1 0  days in the two pairs of Friesian bull-oalves described 

earlier. The objeot of the experiment was to determine the effects of 

advancing age and diet on the absorption of VFAs from the rumen by changes 

in the VFA conoentration of jugular blood following the introduotion of 

a buffered solution of these acids into the rumen. 

The tests were perfonned at the end of a 24-hour period of fasting 

off milk and 4.8 hours off pasture. Jugular blood samples were colleoted 

before and 30, 60 ani 1 20 minutes after the buffered solution of VFAs was 

introduoed. into the rlJIlen. Samples of rumen oontents were also taken before, 

and 1 0  ani 1 20 minutes after the VFAs were introduoed. Blood and rwnen 

samples were analysed for WAs by the methods described in Chapter I .  

A 0.5  M solution oontaining 75 % acetio, 20 % propionio and 5 % butyrio 

aoids buffered to pH 6 .00 in Krebs Ringer (where the VFAs replaced the 

NaOl) and Sorensen' s  phosphate buffer was used ( table 26) . The molar 

proportions of the WAs were similar to those foWld. in the adult rumen at 

the peak of fermentation (Annisan et al. , 1 957) .  This solution was ad­

minis tered a t a dose of 20 ml/kg of body weight ( 1 0 m-moles/kg of body 

weight) and was introduced into the rumen through the Jarrett cannula. 

No attempt was made to ei ther empty and wash the rumen or to isola te it 

from the prox:l.mal and distal portions of the alimentary traot. The pH of 

the rumen was maintained wi thin the range of 6 .00-6.20 by the oontinuous 

infusion of 5 N phosphoric aoid into the rumen. Rumen pH was detennined 

at 1 0-minute intervals in order to be able to regulate the phospho rio aoid 
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drip. These prooedures were simplified by passing three pol.yvinylobloride 

tubes into the runen through separate holes in the rubber stopper of' the 

Jarrett cannula. One tube was a ttaohed to a glass funnel and served to 

introduoe the VFA solution into the rumen. The second tube was attached 

to a plastio wash-bottle and was used to aspirate runen oontents. The 

third tube was attaohed to a blood transfusion apparatus for the continuous 

infusion of phosphorio aoid. 

TABLE 26 

The chemical oanposi tion of 5 lit of the vola tile fa tty aoid. solution 
introduoed into the runen. 

Ingredien ts 

Volatile FatW Aoids 
Aoetio acid 
Propionio acid 
Bu tyrio aoid. 

Krebs Ringer 
Potassium chloride (KOl) 
Caloium ohloride (CaCl2. 6H20) 
Magnesium sulphate (MgS04. 7H20) 
Potassium dihyclrogen phosphate (KH21?04) 

Sorensen' s  Phosphate Buffer 

Proportion 
per oent 

70 
25 
5 

Disodium hydrogen phosphate (Na2H1?04. 2H20) 
Potassium dihydrogen phosphate (KH21?00 

Molarity Quantity 
Wl 

0.500 
1 05. 1 
46 . 3  
1 1 .0 

0.005 1 .8638 
0.003 3. 2864 
0.001 1 . 2325 
0.001 0. 6805 

0.01 
1 .0688 
0.5991 

The 0.5  M solution of' WAs (Sutton et al. , 1 962) was prepared in the 

following manner:- The fatty acids (B.D.H. , Analar) were diluted in 1 lit 
of distilled water and adjusted to a pH of 6 .00 with 4 N NaOH. Krebs 

Ringer and Sorensen' s buffer ingredients were dissolved in another 1 lit 
of distilled water and added to the fa tty acid solution. The volume was 
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made up to 5 lit with distilled water and the pH again adjusted to 6.00 

by the aMi tion of 1 -2 ml of 4 N NaDH. This solution was stored at a 

tempera rure of 400 and was warmed to a temperature of 3700 prior to its 

introduotion into the rlInen. 

Experiment V. Me tabolism of Preformed Vola. tile Fatty Aoids in Consoious 

Oalves Studied by the Analysis of Jugular Blood 

Intravenous VFA tolerance tests were oonduoted at the age of 35, 70 

and. 1 05 days in the two pairs of Friesian bull-oalves desoribed earlier. 

The ob jeot of' these tes ts was to determine the effeots of' advanoing age 

and die t  on the utilization of VFAs in oalves. 

The tests were performed at the end of a 24-hour period of fasting 

off milk and 48 hours off pasture. Jugular blood samples were oolleoted 

for VFA analys is before and 5, 30, 45 , 60, 90 and 120 minutes after the 

intravenous injection of a 4 M solution of VFAs into the jugular vein. 

In order to simula. te the pos t-pranlial proportions at VFAs in portal blood 

the VFA solution contained 85 % acetio and 1 5  % propionio aoid (Annison 

et al. , 1 957) . The VFAs were administered at a dose of 4 m-moles/kg of 

body weight over a 2-minute period irrespeotive of volume . 

One lit of the VFA solution ( table 27) was prepared in the following 

manner:- The aoids (B.D.H. , Analar) were weighed out and diluted in 400 ml 

of distilled water. This solution was ti tra. ted to a pH of 7.41) with 1 0  N 

NaOH and m9de up to just Wlder 1 lit with dis tilled water. The pH was 

again adjusted to 7.4JJ by the addition of a few drops of 1 0  N NaOH, and 

the volwe made up to 1 lit with dis tilled wa te r. The solution was 

autoalaved at 1 1 500 for 30 minutes and stored a t  a temperature of 400. 
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TABLE 27 

The oanposi tion of 1 lit of the vola tile fa tty acid s olution used in the 
volatile fatty aoid toleranoe tes ts .  

Vola tile F a  tty Aoid 

Aoetio aoid 

Propionio aoid 

Proportion 
per oent 

85 
1 5  

RESULTS 

Quantity 

gm 
204.2 
41+.5 

Fasting Levels of Volatile Fatty Aoids in Jugular Blood (tabl e 28) 

The fasting levels (24 hours off milk and 4B hours off pasture) of 

VFAs in jugular blood ranged from 0.83-2. 32 �les/lit ( table 28) . 

Thes e  level s varied in calves of the same age and on the same diet, and 

were also different in any one individual animal following identical 

fasting periods whioh were only 5 days apart ( table 28) . There was no 

apparent fasting VFA ooncentration of jugular blood charaoteristio of 

ei ther the age or the di e t  of the calves . 

TABLE 28 

The volatile fatty aoid oonoentration of jugular blood following 24 hours 
of fasting off milk and 48 hours off pasture. 

Group Calf' No. 
Age Jugular VFAs Age Jugular WAs 
days m-moles/lit days m-moles/lit 

35 1 . 1 5  4D 0. 95 
1 1  70 1 . 96 75 1 .44 

MILK 
1 05 1 . 55 1 1 0  1 .53 

35 0.83 40 1 . 1 9  
1 2  70 1 . 93 75 2 .32 

1 05 0. 91 1 1 0  1 .02 

35 0. 94 40 0.90 
1 3  70 0.83 75 1 .21 

PASTURE 
1 05 1 .56 1 10 1 . 33 

35 1 .05 40 1 . 1 1  
1 4  70 0. 95 75 1 .01 

1 05 1 .58 1 1 0  1 . 67  



TABLE 29 

Changes in the volatile fatty acid concentrations of jugular blood and rumen liquor following the introduction 
of a buffered test solution of volatile fatty acids into the rumen, together with the amount of 5 N phosphorio 
aoid required to maintain the pH of the rumen between 6.00 and. 6. 20. 

JUGULAR WAs RUMEN LIQUOR WAs 5 N H�4 Calf Age Weight Infusate 
m-moles/lit m-moles/lit ml Group 

No. days kg ml 
0 30 60 1 20 0 1 0  1 20 

min min min min min min min 

M 40 58 1 1 60 0.95 0.91 1 . 1 8  1 . 1 8  1 1 . 1 2  222 . 72 1 54. 99 40 1 1  75 84 1 680 1 .41+- 1 . 58 1 . 50 1 .50 23. 38 209.83 1 61 .53 65 
I 1 1 0  1 1 6  2320 1 .53 1 . 50 1 .42 1 .44- 1 0.22 381 .40 1 74. 70 65 
L 40 61 1 220 1 . 1 9 1 . 56 1 .46 0. 89 10. 38 24-5.55 14-9.05 50 1 2  75 90 1 800 2 .32 2.52 1 .84 2.40 8.84 448.71 224.03 70 K 1 1 0  107 21 40 1 .02 1 . 1 4  1 .26 1 .40 8. 70 390.20 223.29 50 
p 40 65 1 300 0. 90 - 1 .08 1 .04 1 2. 65 276.27 1 24. 1 2 85 
A 1 3  75 90 1 800 1 .21 1 . 39 1 .27 1 .29 1 2.68 21 3.31 1 09 .58 200 
S 1 1 0 1 1 0 2200 1 . 33 1 . 73 1 . 79 1 . 62 10.02 1 1 5.30 73. 1 7 395 T 
u 40 62 1 240 1 . 1 1  1 . 1 4- 1 . 20 1 .04- 21 .08 231 .57 1 1 4-. 98 75 
R 1 4  75 86 1 720 1 .01 1 . 39 1 .49 1 . 71 1 0. 98 1 22.48 83.57 235 
E 1 1 0  90 1 800 1 . 67 1 . 84 2. 33 1 . 95 1 4. 65 1 14. 76 76.08 335 
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Fig. 1 9 . Change s  in the volatile fa tty acid concentrations of rwnen contents and jugular blood following 
the introduction of preformed volat ile fatty acids into the rwnen of the Milk Fed Calves. 
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Fig. 20. Ohanges i n  the volatil e fatty acid c oncen trations of rumen c onten ts and jugular blood following 
the introduction of preformed volatile fat�J acids into the rumen of the Pasture Fed Oalves. 
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Experiment IV. Absorption of Preformed Volatile Fatty Acids from the 

Rumen of Conscious Oal ves Studied by the Analysis of Jugular Blood 

Ohanges in the volatile fatty acid concentration of rumen contents 

following the introduction of preformed salts of these acids into the 

rtmen (table 29, fig. 1 9  and 20) . The VFA concentration of rumen liquor 

at the em of the fasting period ranged fran 8.84-23. 38 m-IOOles/lit 

( table 29) . There were no apparent fasting concentrations of rumen WAs 

that were characteristic of either the age or the diet of the calves. 

An increase in the VFA concentration of the rumen was always observed 

10 minute s  after the buffered VFA solution was introduced into the fore­

stomach ( table 29, fig. 1 9  and 20) . Al though this enhanced concentration 

was of a similar magnitude in all the calves at the age of 40 days 

( table 29 , fig. 1 9  and 20) , it increased from there on wi th advancing age 

in the milk-fed calves ( table 29, fig. 1 9) ,  and decreased in the pasture­

fed calves ( table 29 , fig. 20) . 

A greater amount of phosphoric acid was required at the age of 40 

days to maintain rumen pH between 6.00 and. 6 . 20 in the pasture-fed calves 

than in the milk-fed calves ( table 29) . Al though the quantity of phosphoria 

aoid needed to control rumen pH inoreased with advancing age in the pasture­

fed calves,  it  remained much the same in those reared on a diet of milk 

onl3 ( table 29) . 

Ohanges in the volatile fa tty aoid concentration of jugular blood 

following the introduction of prefonned salts of' these aoids into the 

rtmen (table 29. fig. 1 9  and 20). The introduction of WAs into the rumen 

did not always result in an increase in the ooncentration of these acids 



TABLE 30 

Ohanges  in the vola tile fa tty acid concentration of jugular blood following the injection of a 4 Molar 
solution containing 85 % acetic and 1 5  % propionic acid into the jugular vein. 

J U G U L A R  V F A Age Weight 4N VFA 
m-mol es/lit Group Oalf No. 

days kg solution 
adminis tered 0 5 30 45 60 90 1 20 ml min min min min min min min 

1£ 35 53 53 1 . 1 5  7. 28 1 . 34 1 .25 1 .42 1 . 71 -
1 1  70 77 77 1 . 96 8 .77 4. 67 2 . 10  2.03 - -I 1 05 1 1 0  1 1 0  1 . 55 1 0. 72 3.32 - 1 . 24 1 . 72 1 .24 

L 35 58 58 0.83 7.03 1 . 66 1 .03 1 .03 1 . 20 0. 91 1 2  70 88 88 1 . 93 9.09 4.36 3.71 3.24 - -
K 1 05 1 1 0  1 1 0  0.91 8. 14 3.20 1 . 84 2.22 0. 96 1 .56 
P 35 61 61 0. 94 6 .34 1 . 32 1 .20 0 . 94 0. 85 0. 97 A 1 3  70 95 95 0.83 5.69 2.45 1 . 00 1 .25 - 1 .45 s 1 05 1 08 1 08 1 .56 8 .31 2. 50 1 . 92 0.99 1 . 30 1 . 1 9  T 
U 35 59 59 1 .05 7.08 1 . 58 0 .83 1 .05 0.84 0. 74 R 1 4  70 86 86 0.95 6 . 1 6  2. 94 1 . 64 2.00 1 . 95 1 .52 E 1 05 93 93 1 . 58 10.04 3. 81 2. 23 2.07 1 . 55 1 . 31 
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in jugular blood. Enhanced jugular blood VFA levels were noted in calf 

1 2 at  th e age or 40 and 1 1 0  days, in oalf 1 3 a t the age of 1 10 days and 

in calf 14 at the age of 75 and. 1 1 0  days ( table 29, fig. 1 9  and 20) . 

Experiment V. Metabolism of Prefonned Volatile Fatty Acids in Oonsoious 

Calves Studied by the Analysis or Jugular Blood 

Changes in the vola tile fa tty acid ooncen tra tion of jugular blood 

following the injection of preformed salts of these acids into the jugular 

vein (table 30, fig. 21 and 22) . A marked inorease in the WA concentra­

tion of jugular blood was invariably obseIVed 5 minutes after the injeotion 

of preformed salts of the WAs into the jugular vein ( table 30, fig. 21 

and 22) . This initial rise was followed by a re.pid decline to the pre­

injection levels ,  usually wi thin 45-60 minutes after the adminis tra tion 

of the WAs ( table 30, fig. 21 and 22) . There was no apparent difference 

in the olearance or these acids from the peripheral circulation oharacteristio 

ei ther of the age of the calves or tileir diet. 

Heal th and Growth Rate of the Oalves (table 25) 

The calves were heal thy and. oontinued to grow throughout the rearing 

period ( table 25) . A f� mild cases of nutritional scours were encountered 

during the initial stages of milk feeding. These soa ttered inoidents 

were easily arrested by reducing the amount of milk oonsumed and by sulpha­

guanidine (Imperial Ohemical Industries) medication. Both milk-fed cal'1Jes 

developed a craving ap peti te . At the age of 90 days calf 1 2  developed an 

aoute case of indigestion ani took approximately one week to return back 

to nonnal . This was attributed to the consumption of a considerable 
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quantity of the high pressure plas tio hose used for oleaning the pens. 

The growth rate s  of both pairs of calves during the first 1 0  weeks 

of age were s:iJnilar ( table 25) . Al though fran then on "tile milk-fed calve s 

continued to grow at much the same rate as they had maintained b efore ,  a 

marked post-weaning decline in the growth rate of the pasture-fed calve s 

was noted ( table 25) . The reduced daily gains of calf 1 2  between the 

age of 75 and 1 1 0  days ( table 25) were attributed to indigestion developed 

a t the age of 90 days. 

Leakage of rumen contents from around the JaITett oannulae was no t a 

serious problem in the pasture-fed calves. In these calves the rumen 

cannulae were lost only occasionally, presumably when they were caught 

on farm fences. When disoovered the rumen fistulae were found to be con­

tracted and it was only af ter they were lubricated and stretched that the 

cannulae could be reintroduced. In contrast leakage of rumen contents 

became a serious problem wi. th advancing age in the milk-fed oalves. The 

rumen f istulae in these oalves did not appear to have the same degree of 

tone as those of the pasture-fed calves. As a re sult the Jarrett oannulae 

were f requently dislodged in the milk-fed calves ,  and had to b e  reintroduced 

practically daily during the last 2-3 weeks of' the experiment in calf 1 2. 

On a numbe r  of occasions a partial prolapse of' the rumen wall through the 

fistula was observed when this calf was found lying down with a dislodged 

cannula. 
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DISCUSSION 

Fas ting Levels of Volatile Fatty Acids in JUgular Blood (tabl e  28) 

A basal fasting l evel of vola tile fa tty acids in jugular blood was 

no t apparent in the pre sent study even in the milk-fed calve s .  Although 

this f inding is in agreement with the observations of Dinda ( oited by 

Preston, 1 9 63) , it is not in agreement wi th  those of Martin e t  81 .  ( 1 959) 

who demonstrated fairly reproducible but considerably lower prefeeding 

concen tra tions of jugular blood VFAs. 

The VFA fraction of jugular blood in adul. t ruminants has been found 

to be oomposed of approximately 1 5-20 % formio acid, 80-85 % ace tio aoid 

and traces of propionic acid (McClymont, 1 951 ; Annison, 1 95�; Annison 

et 81. , 1 957) . Al though these a.nima.l.s derive the bulk of their energy 

requirements f rom the VFAs produced in the rumen and caecum (Carroll and 

Hungate , 1 954 ;  Balch, 1 958 ; Blaxter, 1 962) a:lJnost all the f ormic aoid 

and a large f raction of the aoe tic acid (20-40 %) found in jugular blood 

arise f rom endogenous sources (Annison, 1 95�; Annison and White, 1 962; 

Lee and Williams, 1 962) . The experiments of Kiddle et ale ( 1 951 ) ,  Pfander 

and Phillipson ( 1 953) , Pennington ( 1 952, 1 954) and Annison e t  ale ( 1 957) 

have demonstrated the near-complete metabolism of absorbed butyrate by ��e 

rumen epithelium. The studies of Schambye ( 1 955 a) and Annison et 81 .  

( 1 957) indicate hepatic removal of mo st of the propionate and a portion of 

the ace tate a ssimilated from the alimentary tract. 

More recent radio-isotope s tudies in adult ruminants have revealed. 

the rapid (2-4 minutes) turnover rate of pool ace tate (Annison and Lindsay, 

. 1 961 ;  Lee and Williams, 1 962; Sabine and Conner Johnson, 1 96�; Conner 
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Jolmson et al., 1 965) and the ability of extrahepatio tissues ( adipose, 

kidney, lWlg, heart and. gut) to utilize this aoid (Holdsworth, Neville ,  

N�der, Jarrett and Filsell, 1 964) . Ace tyl coenzyme A, the biological� 

active fozm of free ace tate ,  is further known to arise from both the 

anabolism and catabolism of carbohydrates ,  proteins and lipids. In the 

light of all these findings it seems difficult to visualize the demons tra-

tion of a characteristic basal fas ting level of ace tate in the blood, as 
" 

is the case with blood glucose. I t  would appear to be even more difficult 

to offer a meaningful interpretation to any deviations from suoh a level 

were it demonstrated. 

Experiment IV. Absorption of Prefonned Volatile Fatty Acids f ran the 

Rumen of Conscious Calves Studied by the A.na.lysis of Jugular Blood (table 

29, fig. 1 9  and 20) . 

The VFA concentration changes of the rumen in the present study 

( table 29, fig. 1 9  and 20) carmot be compared because : -

1 . The WAs ,  although administered on a bo� weight basi s ,  were 

neverthele s s  diluted in whatever liquor was present in the rWlen 

a t the time , ani thereby created a different set of conditions 

wi thin the runen a t the begiIU1ing of each trial. 

2 .  There we re  no means of accounting for either the entry o f  saliva 

into the rumen or the flux of water aoross the rumen wall. 

The initial induced elevations of rumen VFA concentrations ( 1 0  minutes 

after the introduction of the VFAs into the romen) did however indioa te 

an increase in the volume of rumen contents relative to bo� weight with 
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advancing age in the pasture-fed calve s  ( table 29, fig. 20) . This 

obs erva tion is similar to that made by Warner et ale ( 1 956) and Taroate e t  

ale ( 1 962) , and i s  mos t  likely a genuine one, since only minor leakage 

of rumen oontents was enco untered in the s e  calves. The apparen t decrease 

in the volume of rumen contents relative to body weight noted in the milk­

fed calves with advancing age canno t be considered as genuine since 

considerable leakage of rumen contents was encoWltered in these calves. 

I n  describing their technique for the s tu� of VFA absorption from 

the rumen Sutton e t  al. ( 1 962) founi that "when absorption was studied. at 

pH 6. 6, approximately 2 M of phosphoric acid were added to the rumen for 

each mol e of VFA absorbed. " Thi s observation would suggest that in the 

pre sent s tudy' a greater amount of VFAs was absorbed by the pas ture-fed 

calves than by the milk-fed calves at the age of 4D days , and that where­

as VFA absorption remained much the same wi th advancing age in the milk­

fed calve s, it increased considerably in the pasture-fed calves ( table 29) . 

Such a conclus ion, although in agreement wi th the later findings of 

Sutton et ale ( 1 963) , doe s  no t indicate how pasture intake s timulates 

VFA absorption: whe ther s olely by an enhanced anatomical development of 

the rumen relative to other par ts of the alimentary tract and body weight, 

or whether, in addition to this , by the post-natal histological and. 

physiological ma turation of the epithelium also .  

Despite all the precautions taken t o  avoid undue exposure of the 

rumen wall to dele terious s timuli ,  the introduc tion of prefonned VFAs into 

the fasted rumen was no t  always f ollowed by increases in the levels of 

the se acids in jugular blood, no t even in the pas ture-fed calves ,  in which 

the rumen epithel ium was presunably oapable of VFA assimilation. Rapid 
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me tabolism of absorbed WAs (Schambye, 1 955 a j  Amison et al., 1 957; 

Armison and Lindsay, 1 961 ; Lee and Williams, 1 962 ; Sabine and Conner 

Jolmson, 1 964; Conner Jolmson e t  al . , 1 965) may have b e en responsible 

for the removal of abso:r'bed WAs from the peripheral circulation. The 

re sul ts of this experiment demons tra ted the unsui tabili ty of jugular 

blood for the study of WA absorption f rom the rumen, and sugges ted the 

analysis of rumen effluent blood in future studies. Although these findings 

are in agre�nent wi th those of Sutton e t  801. ( 1 963) , they do no t  agree 

wi th tho se of Martin et ale ( 1 959) who dernonstrated marked post-prandial 

increases in the WA concentration of jugular blood f ollowing the f eeding 

of ei ther hay and concentrates or a die t oontaining the s alts of the 

WAs (page 7) . 

Experiment V. Metabolism of Prefonned Volatile Fatty Acids in Conscious 

Calves S tudied by the Analysis of Jugular Blood (tabl e  30, fig. 21 and 22) 

A.l though such factors as di sfurbances in carbohydra te me tabolism 

(Pugh and Scarisbrick, 1 952; Jarrett and Potter, 1 957;  Jarrett a nd  Fils ell , 

1 962) , fasting (Reid, 1 958 ; Jarrett and Filsell, 1 960) , and composition 

of the di e t  (Reid, 1 958 ; Jarre tt and Filsell, 1 960; Egan, 1 965) were 

shown to al ter acetate tolerance in sheep, the re sul ts of the present s  tudy 

in calves indicate that advanoing age and rumen deve lopment did not affec t 

the clearance of intravenously imposed loads of WAs f rom the peripheral 

circulati on. The results suggest that the calves were equally capable of 

utilizing the WAs regardle ss of whe ther they were reared on milk only or 

whether they had, in addi tion to milk, fre e  access to pa sture. This 

observa tion is in partial agreement wi th the findings of Young et al. ( 1 964) 

who demonstrated that milk-fed calves are capable of utilizing large 
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quantities of VFAs. 

Heal th and Growth Rate of the Calves 

The similar growth rates of the calves up to the age of 40 days 

( table 25) are no t  surpris ing, since both Godfrey ( 1 961 ) and Stewart 

( 1 962) demonstrated that mature VFA l evels are first detected in the rumen 

of pasture-reared calves between the ages of 3 and. 4- weeks. The continued 

similari. ty in growth ra. te s between the ages of 40 and 75 days ( tab le 25) 

is unexpected, and suggests that milk and not pasture served as the 

principal source of nutrients during this period in the pasture-fed 

calves. This observa tion indica tes that the contributions of the rumen 

to the general nutrition of pasture -reared oalves fed whole-milk at the 

daily rate of 1 2 . 5  % of body weight are of no great moment. Pasture 

intake , although probably restricted on this high plain of whole-milk 

f eeding, neverthele ss appears to exert a substantial stimulator,y effect 

on the functional development of the rumen, witnessed by the posi tive, 

801 though greatly reduoed, post-weaning growth ra. tes of the pasture-fed 

calves ( table 25) . 

The mere demonstrat�n of either ma ture concentrations of rumen VFAs 

(Godfrey, 1 961 ; Stewart, 1 962) or high diges tibili ty coefficients of 

solid feeds (Preston e t  al. , 1 957; McArthur, 1 957) in young oa.lves does 

not therefore appear to constitute by i ts elf a good oriterion for 

evalua ting the oontributions of the rumen to the general nutrition of the 

calf . Although the ingestion of solid f eeds and the ini tia non of 

fermen ta tion may b e  the primar,y stimuli to rttllen deve1 opmen t (Flatt et al. , 

1 958 ; Sander e t  al. , 1 959 ;  Tamate et 801. , 1 962) the evidence presented 
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Fig. 23.  The rLunen wall in a 1 5-week-old milk-f ed calf (Calf No. 1 2) . 

Fig. 24. The rumen wall in a 1 5-week-old pasture-reared calf (Calf No. 1 4) .  
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in this chapter suggests that the amount of solid feed intake is affected 

by the level of milk feeding. The ramifications of this observa tion, as 

far as pasture-reared calves are concerned, inolude the interactions of 

the level and frequency of milk feeding on pasture intake and rumen 

development. 

Autopsy of the calves at the end of the exper:iment revealed a marked 

retardation in the development of the rwnen wall in the milk-fed calves. 

The rwnen wall at 1 5  weeks of age was macrosoopically still very much the 

same as tha. t of newly born oalves: thin and. devoid of papillae (fig. 23) .  

In contrast, the rumen wall of pasture-fed calves resembled that of mature 

ruminants : thick and highly papillated (fig. 24) . The se observations 

are similar to those reported by Fla tt et al. ( 1 956) and Brownlee ( 1 956) 

on milk-fed calves and on calves that received, in addition to milk, hay 

and concentrate mixtures. These findings suggest that the problem of 

leaking f istulae a..'1d dislodged cannulae in the milk-fed calves was more 

than likely a consequence of the re tarded development of the rumen wall. 

SUMMARY 

1 .  Volatile fa tty acid absorption and metabolism tests were conducted 

a t regular intervals with advancing age in two pairs of Friesian 

bull-calves, one pair of which was reared on milk only (Milk Fed. 

Calves) , and the other pair on milk and continuous access to pasture 

fran the age of 10  days onwards (Pasture Fed Calves) . 

2.  Absorption was studied by the appearance of VFAs in the jugular blood 

following the introduction of these acids into the rumen. Metabolism 
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was investiga ted by the olearanoe of intravenously imposed loads of 

WAs from the p eripheral oirculation. 

3. A basal fasting level of jugular blood WAs charaoteristio of either 

the age or die t  of the oalves was not apparent in these s tudies. 

4-. The experimen ts deroonstra ted: -

(a) the unsui tabili ty of jugular blood. for the stuiy of VFA absorption 

fran the rumen of cal ves ; 

(b) that the uti lization of VFAs by oalves was unaff eoted by ei th er 

advanc:ing age or diet. 

5. The experiments sugge sted the analysi s of runen effluent blood in 

future VFA absorp tion studies. 



S E C  T I O N II 

VOLATILE FATTY ACID ABSORPTION STUDIES 

IN 

ANAESTHETIZED CALVES 



OHAPTER IV 

CHANGES IN THE VENO-ARTERIAL VOlATILE FATTY ACID CONCENTRATION DIFFERENCE 

OF RUMINAL BLOOD FOLLOWING THE INTRODUCTION OF PREFORMED 

VOLA.TILE FATTY ACIDS INTO THE RUMEN OF 

ANAESTHETIZED CALVES 

The volatile fatty acid absorption studies in conscious calves 

described in Section I of this Thesis (Chapters I ,  II and III) demonstrated: 

1 • The canplica tiona associated with the chronic ca theteriza tion 

of the portal vein. 

2. The presence of endogenous sources of circulating WAs. 

3. The rapid removal of absorbed WAs from the circulation. 

4. The absence of a characteristic basal fasting level of circulating 

WAs. 

These studies further suggested that the effects of advancing age 

and diet on VFA absorption would. be better investigated in young calves 

by changes in the vena-arterial WA concentration differenoe of the rumen 

following the introduotion of the preformed salts of these acids into the 

rumen. The problems associated with the collection of rumen effluent and 

arterial blood samples fran oalves wi thin a few days after' birth, however, 

limi ted the application of this experimental approach to acute preparations. 
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REVIEW OF LITERATURE 

Volatile Fatty Acid Absorption Studies in Mature Anaesthetized Ruminants 

Indirect evidence of WA absorpt ion f'rom the rumen was first p resented 

by Phillipson and McAnally ( 1 942) . These workers investigated the WA 

concentration within the c ompound stomach of mature anaesthe tized sheep 

and demons trated: -

(a) tha t the WA ooncentra tion was higher in the rumen than in the 

abanasum; 

(b) that the introduction of the sodium salts of the WAs into the 

rumen did not increase the o oncentration of these acids in the 

abomasum; 

(c) tha t the WAs were stable when incubated in :rumen liquor. 

On the basis of these observa tions they concluded that the WAs were 

absorbed fran the alimentar,y traot b efore reaching the aboma sum. 

More definitive proof of WA abso rp t ion from the rumen of ma ture 

anaesthe tized sheep taken straight from pasture was presented by MaAnally 

ani Phillipson ( 1 942) , who danonstra ted tha. t the WA concentration of 

rumen effluent blood was higher ( 1 . 7-7. 1 m-moles/lit) than that of either 

intestinal or peripheral blood (0. 1 -0 .9  �oles/lit) . They also introduced 

equimolar solutions of the sodium sal ts of the WAs into the emptied ani 

washed rumen and no ted that the rate of VFA absorption was a f'unotion of 

the molecular weight of' these acids, be ing fastest for acetate and 

slowest for butyrate. The se findings were confinned by Barcroft et ale 

(1 944) who also observed that the WA c ontent of both rumen liquor and 

rumen effluent blood was mainly compo s ed of acetic acid, and tha. t the 

proportion of the higher molecular weight WAs (propiona te and bu tyra. te) 
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was greater in the rumen than in the blood. No effort was made, in either 

of these two series of experiments, to control rumen pH, which had previous­

ly been observed by Phillipson ( 1 942) to remain relatively stable and rarely 

to exceed the limits of 5 .8-7.5.  

Danielli et ale ( 1 946) , Gray ( 1 948) and Ma sson and Phillipson ( 1 951 ) 

investigated the eff eots of pH on VFA absorp tion from the isolated washed 

rumen of anaesthetized sheep . Al though there was some diff erence i n  their 

findings concerning the amoWlts and rates at which the individual fatty 

acids were absorbed, they all agreed that the magnitude of VFA absorption 

was greater under the slightly aoidic conditions characteristio of the 

rumen than at alkaline pHs. 

Masson and. Phillipson ( 1 951') introduced equimolar solutions of the 

individual VFAs into the isolated washed rumen of anaesthetized sheep and 

demonstrated that a c e tate produced the greatest veno-arterial VFA 

concentration diff erence in the circulation of the rumen, and tha t this 

diff erenoe was rela ted to the concentration of the acids in the rumen. 

Their experiments also indicated that the appearance of these aoids in 

rumen effluent blood was not proportional to the rates at which they dis­

appeared from the rumen. 

The latter observa. tion was conf inned by Kiddle , Marshall and Phillipson 

( 1 951 ) and. Pfander and Phillipson ( 1 953) . I t  suggested th e  metabolism of 

absorbed VFAs by the rumen epi thelium and l ed  to the investigations of 

Pennington and. his co-workers (Pennington, 1 952, 1 954; Pennington and 

Sutherland, 1 955) , who showed, in a series of both in vi tro and in vivo 

experiments, that the rumen epithelium does indeed metabolize the VFAs , and. 

that its aotivity i s  greatest with butyrate ani least wi th acetate. 



--------

TABIE 31 

The ages, birth weights and weight gains of the calves used in the acute exper�nents. 

Experimental Particulars G R O U P 
Milk 

Calf No. 1 2 

Age at time of experiment, days 5 5 

Birth weight, kg 36 30 

Weight at time of experiment, kg 38 32 

IOIRate of gain, kg/day - -

*Average rate of gain/group, kg/day: Group II 0. 76 

Group III 0. 32 

I 

3 

3 

39 

39 

-

G R 0 U P  II G R O U P  
Milk & Pas ture Milk 

4 5 6 7 8 

40 41 44- 42 42 

37 38 37 28 35 

70 70 67 46 45 

0.82 0. 78 0. 68 0.43 0 .24 

III 

9 

43 

33 

44-

0.25 
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Volatile Fatty Acid. Absorption Studies in Young Anaesthetized Ruminants 

No reference was found in the literature consulted of any published 

work on the absorption of VFAs fran the rumen of young anaesthe tized milk­

fed oalves. 

MATERIAIS AND METHODS 

Experimental Animals 

Nine Friesian bull-cal ves were randomly assigned to one of three 

experimental groups following 2 days of colostrum feeding on their dams 

( table 31 ) .  Group I and. Group III calves were fed on a diet of milk only 

and were denied access to solid feeds. These calves were confined to 

concrete pens and. yards where slatted wooden frames constituted their only 

bedding. Group II calves were reared, from the age of 5 days onwards, on 

pasture - a mixture of white clover, short-rotation and long-rotation rye 

grass - .  Warm, whole Jersey milk was bucket-fed twice daily to all the 

calves at the rate of 4.5 lit/calf/day, irrespective of age or treatment. 

The birth weights, final weights, growth rates ani ages of the calves 

are presented in table 31 . 

Experimental Design 

The acute VFA absorption exper:iments described in this chapter were 

perfonned at the age of 3-5 days in Group I calves, and at the age of 

40-41+ days in the other two groups ( table 31 ) .  These experimen ts involved 

the introduction of a buffered solution of preformed WAs into the rumen, 

ani the simultaneous sampling of both arterial and rumen effluent blood at 
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Fig. 25 .  Entry into the abdominal cavity. 

Fig . 26.  Rumen cannula in posi tion. 
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Fig. 27. Cathe terization of mesenteric vein radical . 

Fig. 28 . The right ruminal vein. 
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regular intervals thereafter. Solutions were introduced into the rumen 

through a rumen cannula. A s tomach tube was used to empty the rumen. 

The lef t  carotid arte� and the right ruminal vein served as sources of 

arterial and rumen effluent blood re spectively. 

Surgical Preparation of the Calves. 

The calves were fasted prior to the experiments .  Milk was withheld 

for a period of 1 7-20 hours. Group II calves were removed fran pasture 

45-50 hours before they were to be surgically prepared for the absorption 

experiments, and were kept in concrete calf yards. 

Anaesthesia was induced and maintained by the intravenous injection 

of 900-1 500 mg of pen tobarbi tone sodium (Nembutal, Abbo tt Labora tortes) . 

An 8-1 2 am midventral neck incision was made to cannulate the trachea and 

expose the l ef t  carotid artery. 

Entry into the abdaninal cavity was gained from the left side through 

a 1 5-20 om skin inc ision (fig. 25) . This incision ran along the last 

interco stal space in Group I and Group III calves ,  and along the anterior 

border of the l ef t  paralumbar fossa in Group II calves .  The last two ribs 

were re sected in Group I and Group III calves to expose the rumen. A glass 

cannula ( i. d. 1 an) was inserted into the pos terior sac of the rumen and 

retained in position with a purse-string suture (fig. 26) . The mes enteric 

vein was ca the teriz ed wi th Teflon tubing ( i. d. 1 . 5 mm) through one of i ta  

radicals (fig. 27) . This cathe ter was conneoted to an infusion appara tua 

through which a 0 . 9  % NaGl drip wa s maintained. 

The right ruminal vein on the medial aspect of the rumen was exposed 

and oannulated (fig. 28) . Po13thene tubing ( i . d. 1 mn) was used in Group I 
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Fig . 29 .  An absorption exp erim en t in progress . 
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calves. The difficulties encountered in diverting the normal flow of blood 

through an angle of 1 000 led to the design of a U-shaped venous glass 

cannula. This cannula, when connected to wide-bore Teflon tubing ( i.d. 3 nm) , 

proved to be more satisfactory than the polythene catheters, and. was used 

in all subsequent experiments. Immediately after the catheter was inserted 

into the right ruminal vein, heparin (Pularin, Evans Medical) was adminis­

tered through the mesenteric vein oatheter in a dose of 1 000 i.u./kg of 

body weight. 

A stanach tube was introduced into the rumen through the mouth. The 

calves were then strapped to the operating table which was tilted to an 

angle of approxima tely 400 fran the vertical (fig. 29) . Finally, the 

exposed left carotid artery was cannula ted and connected to a mercury mane­

neter for both blood pressure recording and arterial blood sampling. 

Excess rumen effluent blood and arterial blood were returned to the portal 

circula tion via the infusion apparatus. 

Experimental Procedure 

The rumen was emptied and rinsed out with wann ( 37°0) 0 . 9 % NaOl at 

the b eginning of each experiment. Saline was introduced into the rumen 

through the glass cannula until the level of rumen contents reached the 

neck of the cannula. The washings were then siphoned out through the 

s tanAch tube. This procedure was repeated 5-6 times .  An estimate of rumen 

capaci ty was obtained by recording the volume of saline that was required 

to fill the rumen. 

Each experiment was canposed of three separate 3O-minute test periods 

(unless otherwise stated, fig. 30) . Periods A and 0 served as controls. 
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A wann ( 37°0) 0. 9 % NaOl solution was introduced into the rumen at the 

beginning of the se periods. The rumen was f illed with a warmed ( 37°0) 

buffered solution of VFAs at the begirming of Period B .  A t  the end of 

this period the rumen was again rins ed out with warm ( 37°0) 0. 9 % NaOl 

(5-6 times) . A sohema tic diagram of this experimental procedure is 

pre sented in figure 30. 
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Fig. 30. Schematic diagram of the experimental prooedure used in the acute 

volatile fat� acid absorption experiments. 

Simultaneous samples of rumen effluent and oarotid blood were collected 

for VFA analysis 1 5  and. 30 minutes after the test solutions were introduced 

into the rumen. The rumen was sampled at the begiruling (after the intro­

duction of test solutions) and at the end of each period. A plastic wash-
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Fig. 31 . Outline of venous network in the rumen wall f'ollewing 
the injection of me thylene blue ( Calf No. 8) . 
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bottle was used to aspirate nunen contents. The pH of these samples was 

determined wi thin one minute of sampling. A Beokman Model 76 pH meter was 

used. Blood flow through the oannula ted right ruminal vein was measured 

at  1 o-minute intervals. A graduated glass cylinder was used to estimate 

the volume of b�ood colleoted over a period of one minute. The time-oourse 

of the sampling schedule is presented in table 32. 

TABLE 32 

Time-oourse of the sampling schedule followed during the acute 
vola tile fa tty acid absorption experiments. 

Time after the introduction of test solutions 
Sample into the rumen 

Right ruminal vein 

Left carotid artery 

Rumen contents 

Blood flow through right 
I'Iunjnal vein 

min 
1 5  & 30 

1 5  & 30 

0 & 30  

0,  10, 20 & 30 

The calves were sacrificed at the em of the experiment. They were 

bled out through the cannulated left carotid artery. A clear outline or 

the venous network in the rumen wall following the injection of an aqueous 

solution of me�lene blue through the right ruminal vein catheter was 

oonsidered sufficient evidence for the proper location of til e  catheter 

(fig. 31i) .  

Preparation of the Buffered Volatile Fatty Acid Solution (table 33) 

A 0. 1 5  M solution of VFAs containing 70 % aoetic acid, 25 % propionio 

acid and 5 % butyric acid was made up in Krebs Ringer am Sorensen' s 

phospha te buffer (Sutton et al. , 1 962) . The pH of this solution was adjusted 

to 6 . 00  with 4- N NaOH. Twenty-five lit, the canposition of which is 
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presented in table 33, were prepared in the following way:-

The fatty acids (B.D .H. , Analar) were diluted in 2 lit of distilled 

water and titrated to a pH of 6.00 with 4 N NaOH (B.D. H. ,  Analar) . Krebs 

Ringer and Sorensen' s phosphate buffer components (B.D . H. , Analar) were 

dissolved in another 2 lit of distilled wa ter and added to the WA 

solution. The volume was made up to 25 lit with di stilled water and the 

pH was aga in adjusted to 6.00 by the addition of 2 ml of 4 N NaOH. This 

solution was stored at a temperature of 400 ani was used in all the 

experiments described in this chapter. 

TABLE 33 

Oomposi tion of 25 lit of vola tile fa tty acid rumen infusion 

Oomponent Proportion 
p er c ent 

Vol a  tile Fa tty Aoids 

Aoe tio acid 

Propionic ac id 

Butyric acid 

Krebs Ringer Solution 

Potassium chloride (KC1) 
Oalci um chloride (Oa012. 6H20) 
Magnesium sulphate (YgS04. 7H20) 
Potassium dihydrogen phosphate (KH2F04> 

Sorensen ' s Pha spha te Buff er 

Disodium lwdrogen phosphate (Na2HP04. 2Hi» 
Potassium di.hydrogen phosphate (KH2P04> 

OhEmical Methods 

70 
25 
5 

Molarity 

0. 1 5  

0.01 

Quantity 
gin 

9 . 31 87 
1 6.431 7 

3�4022 
6 . 1 625 

5.3440 
2. 9955 

Annison' s  ( 1 954) me thod as IOOdified - the details and ao�y of 

whioh were described earlier - was used for the detennina tion of blood WAs. 



Fig. 32. Recording of blood pressure taken during one of the absorption experiments. 



TABLE 34 

Volatile f at� acid concen tration of blood collected simultaneously from the right ruminal vein and carotid arter,y 

VFA Concentration of Blood (m-mole s/lit) 
Experimental Particulars 

G R O U P  I G R O U P  II G R O U P  III 
Milk Milk & Pasture Milk 

Calf No. 1 2 3 4 5 6 7 8 9 

1 5  min 2.43 1 . 1 5  3.29 1 . 52 1 . 75 2. 1 2 1 . 90 2. 71 2 . 32 
Ruminal vein 30 " - - - 2 . 39 2 . 93 2 .53 1 . 92 2.27 2.02 

45 " 1 . 73 1 . 1 1 2 .20 
P E R I O D  A 

- - - - - -
0. 9 % NaCl 1 5  min 1 . 56 1 . 1 3 2. 1 0 1 . 50 3.05 1 .82 1 .47 2 . 67 2.22 

Carotid arter,y 30 " - - - 2 . 39 3.51 2 . 35 1 . 87 2. 63 2 . 1 8 
45 " 1 . 78 1 .41 2 . 14  - - - - - -

Ruminal vein 1 5  min 4. 29 2 .52 3 . 14  3. 75 1 . 69 4. 57 2 . 75 4. 71 5.09 
30 " 3. 66 2 .20 5.47 4. 86 4. 69 3. 96 2. 77 4. 57 5. 33 P E R I O D  B 

0. 1 5  M VFA 1 5  min 1 . 98 1 . 30 2 .59 3. 71 1 .48 2.46 1 . 96 2.81 2 .48 Carotid arter,y 30 min 2. 36 1 . 52 2. 75 2 . 52 2.1 7 2 .53 1 . 77 2 . 57 2.86 

1 5  min 2.41 1 . 54 - 2.52 1 . 96 2 . 34 1 . 93 3 .05 3.44-Ruminal vein 30 " 1 . 66 1 .71 2. 63 1 . 22 2 .28 1 . 63 2 .85 2 .06 -
P E R I O D  C 
0 . 9  % NaCl 1 5  min 1 . 53 1 . 86 - 2. 1 3  1 . 77 2 . 50 1 . 76 3.05 3.82 Carotid artery 30 " 1 . 81 1 . 39 - 2 .63 1 . 71 2 . 1 5 2 .09 3. 1 4  3.56 

� 
J\) 
o 
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TABLE 35 

Volatile fatty aoid oonoentration of arterial caro tid blood for different 
groups in different p eriods . Samples taken 1 5  minutes af ter the introduo­
tion of test solutions into the rumen. 

(See appendix table 47 for analysis of varianoe) 

VFA Conoentra tion of carotid Blood 
Experimen tal m-moles/li t 
partioulars 

GROUP I GROUP II GROUP III 

PERIOD A 1 . 60 2 . 12  2. 12 0.9 % NaCl 

PERIOD B 1 . 96 2.55 2.42 0.1 5 M VFA 

PERIOD C 1 . 98· 2.1 3  2.88 0.9 % NaGl 

Group Means 1 .85 2.27 2.47 

·Contains one ' missing plot'  (Snedeoor, 1 956) . 

Period and group means are averages for 9 oalves .  

Figures in body of table are averages for 3 oalves. 

Standard. error of iniividual mean: 0.39 m-moles/li t. 

Significanoe of' differenoes: 

Between group means : Not signifioan t at the 1 0  % l evel. 

Between period means : Not significant at the 1 0  % l evel. 

Period Means 
m-moles/lit 

1 . 95 

2 . 31 

2. 33 
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TABLE 36 

Volatile fatty acid concentration of arterial carotid blood for dif'ferent 
groups in dif'ferent periods. Samples taken 30 minutes af'ter the introduc­
tion of test solutions into the rumen. 

(See appendix table 4B for analysis of variance) 

VFA Concentration of Carotid Blood. 
Experimen tal m-moles/li t 
Particulars 

GROUP I GROUP II GROUP III 

PERIOD A 1 . 78 2 . 75 2.23 0. 9 % NaCl 

PERIOD B 2.21 2.41 2.40 0. 1 5  M VFA 

PERIOD C 1 .83* 2 . 1 6 2 .93 0.9 % NaGl 

Group Means 1 . 94 2.52 

*Contains one tmissing Plott (Snedecor, 1 956) . 

Period. and group means are averages for 9 calves. 

Figures in body of table are averages for 3 calves. 

Standard error of individual means: 0.23 m-moles/lit. 

Significance of differences: 

Between group means : Not signif'icant at the 10 % level. 

Between period. means : Not signif'icant at the 1 0  % level. 

Period. Means 
m-mOleS/li t 

2.25 

2.34-

2.30 



TABLE 37 

Vena-arterial volatile fatty acid concentration differences of blood collected simultaneously from the 
rumina! ve in and oarotid artery 

Vena-Arterial VFA Concentration Differences of the Rumen (m-moles/li t) 
Experimental Particulars 

G R O U P I G R O U P  II G R O U P  III 
Milk Milk & Pas ture Milk 

Calf No. 1 2 3 4 5 6 7 8 9 

1 5  min +0.87 +0.02 +1 . 1 9 +0.02 -1 . 30 +0. 30 +0.43 +0.04 +0.1 0 
P E R I O D  A 30 " 0.00 -0. 58 +0. 1 8  +0.05 -0. 36 -0. 1 6 - - -
0. 9 % NaCl 45 It -0.05 -0. 30 +0.06 - - - - - -

P E R I O D B 1 5  min +2 .31 +1 . 22 +0.55 +0.04 +0. 21 +2. 1 1  +0 . 79 +1 . 90 +2. 61 
0. 1 5  M VFA 30 " +1 . 30  +0. 68 +2. 72 +2. 34- +2. 52 +1 .43 +1 .00 +2.00 +2.47 

P E R I O D  C 1 5  min +0.88 -0. 32 - +0. 39 +0. 1 9  -0. 1 6 +0. 1 7  0.00 -0. 38 
0. 9 % NaCl 30 " -0. 1 5  +0.32 - 0.00 -0.49 +0. 1 3  -0.46 -0. 29 -1 . 50 
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TABLE 38 

Vena-arterial volatile fat� acid oonoentration differences for different 
groups in different periods. Samples taken 1 5  minutes after the introduo­
tion of test solutions into the rumen. 

(See appendix table 49 for analysis of varianoe) 

Veno-arterial VFA Conoentration Differences 
Experimental m-moles/li 1;* 
Partioulars 

GROUP I GROUP II GROUP III 

PER[OD A 2 . 69 1 . 67 2.1 9 0.9 % NaCl 

PERIOD B 3.36 2 . 79 3. 77 0.1 5 M VFA 

PERIOD C 2 .20** 2. 14 1 . 93 0.9 % NaCl 

Group Means 2.75 2. 20 

*Data. ooded, m-moles/lit + 2 

**Contains one 'missing plot'  (Snedeoor, 1 956) . 

Period and group means are averages for 9 oalves. 

Figures in body of table are averages for 3 calves. 

Signifioance of differenoes : 

Between group means: Not signifioant at the 1 0  % level. 

Period Means 
m-moles/lit 

2.1 8 

3. 31 

2.09 

Between period means : (P:B v PA + PC) Signifioant at the 1 % level. 
2 

Interaotion between periods and. groups:  Not signifioant at the 1 0  % level. 
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TABLE 39 

Vena-arterial volatile fatty acid concentration di.:fferences f or di.:fferent 
groups in different periods. Samples taken 30 minutes af ter the introduo­
tion of tes t  solutions into the rumen. 

( See appendix table 50 for analysis of variance) 

Veno-arterial VFA Concentration Diff erences 
Experimental m-moles/li t* 
Particulars 

GROUP I GROUP II GROUP III 

PERIOD A 1 . 90 1 .87 1 .84-0.9 % NaGI 

PERIOD B 3.57 4. 1 0  3.82 0. 1 5  M VFA 

PERIOD C 2.41 ** 1 . 88 1 .25 0.9  % NaCI 

Group Means 2. 62 

.Da ta ooded, m-moles/li t + 2 

·.Oontains one ' missing plot' (Snedecor, 1 956) . 

Period and group means are averages for 9 calves. 

Figures in body of table are averages for 3 calves. 

Significance of differences : 

Between group means : Not significant at the 1 0  % level. 

Period Means 
m-moles/lit 

1 . 87 

3.83 

1 .85 

Between period means : (Pa v PA + PC ) Significant at the 1 % level. 
2 

Interaction be tween periods ani groups : No t significant at the 1 0  % level. 
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RESULTS 

The results of the acute WA absorption experiments are presented 

in tables 34, 37, 40, 41 , 42 and 43. In the case of calves 1 ,  2 and 3, 

the delay in sampling during Period A was caused by the displacement of 

the right ruminal vein cannula, ani the time taken to reca theteriz e the 

vein. At the end o f  Period B in the case of calf 3 the right ruminaJ. 

venous catheter was founi to be no longer patent and the experiment was 

termina ted. 

Blood pressure remained relatively constant throughout the duration 

of any one experiment (fig. 32) . Fluctuations in blood pre ssure were 

noted when solutions were introduced into the rumen and when the stomach 

tube was manipula ted (f ig. 32) . 

AbSOrpt ion of' Vola tile Fa tty Acids from th e  Rumen (tabl es 34, 35, 36, 37, 

,38 and 39). 

Vola tile fatty acid absorption fran th e  rumen was demonstrated in all 

nine calves irrespective of their age or die t  ( table 37) . The veno-arterial 

VFA concen tration diff erences of the rumen were greater following the 

introduction of VFAs into the rumen (Period B) than in either of the 1:iNo 

control periods (Periods A and 0) when saline was introduced. S tatistical 

analysis of the experimental data ( tables 35, 36, 38 and 39) showed that : -

1 .  The veno-arterial VFA ooncentration differences were signifioant� 

higher (a t  t he 1 % level) following the introduction of: WAs 

into the rumen (Period B) than during the control periods (Periods 

A and C) . 



TABLE 40 

Blood �low rates through the right ruminal vein cathe ter during acute volatile �att.Y acid absorption experiments. 

Blood Flow Rate Through Right Ruminal Vein Catheter 

Experimental Particulars ml/min 

G R O U P  I G R O U P  II G R O U P III 
Milk Milk & Pasture Milk 

Calf' No. 1 2 3 4 5 6 7 8 9 

o min 6.5  9. 5 1 3.0  28. 0  22.0 20.0 1 5.0 30.0 34.0 
1 0  " 6.5  - 1 1 . 5  26.0 20.0 46.0 1 8. 0  28.0 32.0  

P E R I O D  A 
20 " 4. 5 - 1 3.0 22.0  33. 0  30.0 1 8.0  28.0 27.0 

0. 9 % NaCl 30 tt - 1 1 .0  - 1 6.0 40.0 32 . 0  1 8.0  33.0  23. 0 
40 " 4.0 9.0  7.0 - - - - - -

o min 4.0 10.2 4. 5 1 3.0 32 .0 22.0 1 7. 0  26.0 22.0 
P E R I O D  B 1 0  II 4.0 1 1 .0 5.0 1 7. 0  38.0  30.0 1 8. 0  20. 0  22. 0  
0.1 5 M VFA 20 " 4. 5 1 1 .0 4.5 1 5. 0  30. 0  20.0  1 6.0 30. 0  1 8. 0  

30 " 3.0 1 1 .0 4. 5 1 4.0 24.0 26.0 1 6.0 22. 0  1 8. 0  

o min 4. 5 9.0 - 1 2 .0  22. 0  26. 0  1 7. 0  20.0 1 6.0 
P E R I O D  C 1 0  " 3.0 10 .5  - 8.0 26.0 26. 0  1 9. 0  21 . 0  1 6.0  
0.9  % NaCl 20 " 3.0 1 2.0  - 8.0 20.0 1 9. 0  1 0. 0  22. 0  1 2. 0  

30 " 3. 0 1 3.0  - 8.0  20.0  20. 0  8 .0  22.0 1 4.0 



TABLE 41 

Mean blood flow rates through the right ruminal vein catheter. 
(See appendix table 51 for analysis of variance) 

Blood Flow Rate Through Right Ruminal Vein Catheter 
ml/min 

Expertmental Partioulars 
G R O U P  I G R O U P II 

Calf No. 1 

Mean flow rate of individual calves, Period A 5.4 
" " " " " " Period B 3. 9 
" " It " " " Period. C 3.4 
" " " II " " Entire 

experimen t 4.2 

Mean flow rate of calf groups Period A 
" It " " " It Period B 
It It It " It It Period C 
" " " " It " Entire 

expertment 

Signif icance of differences : 
Between group means : Significant at the 5 % level. 

Milk Milk 

2 3 4 

9.8 1 1 . 1 23.0 
1 0.8 4. 6 14. 7  
1 1 . 1 - 9.0 

1 0. 6  7.8 1 5. 6  

8.8 
6.4 
7.2 

7. 5 

Between period. means : (PJ3 v PA + PC) Not significant at the 1 0  % level. 
2 

Between periods : (PA v PC) Significant at the 1 % level. 

& Pasture 

5 6 

28. 7 32.0  
31 .0 24. 5 
22. 2  22 . 7  

27. 2 26.4 

27. 9  
23.4 
18 .0  

23. 1 

G R O U P  
Milk 

7 8 

1 7.2 29. 7  
1 6. 7  24.5 
1 3.5  21 .2  

1 5.8 25.1  

25.3 
20.4 
1 6.4 

20. 7 

III 

9 

29.0  
20.0 
1 4. 5  

21 . 2  
.... 
I\:) 
(Xl 
I 
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2 .  The changes i n  the veno-arterial VFA concentration differer:ce 

following the introduc tion of VFAs into the rumen (Period B) 

were of a similar magnitude in the three groups of calves, and 

did not differ significantly. ( The interaction between peri ods 

and groups was not signi:ficant at the 1 0  % level) . 

3. The three groups of calves did not differ greatly in the VEnO-

arterial VFA concentration diff erences of the rumen during a� 

one of t he three test periods. ( The differenc e be tween groups 

as well as the interaction be tween groups and periods was not 

significant at the 10  % level) . 

A basal fasting level of circulating VFAs characteri stic of either 

the age or the diet of the calves was not apparent in these anaesthe tized 

animals .  The VFA concentration of both arterial blood and. rumen effluent 

blood fluc'b.la ted during the control periods (Periods A and C) of any one 

experiment ( table 34) . 

Blood Flow Through the Right Ruminal Vein Catheter (tables 40 and 41) .  

Fluc'b.lations in blood flow through the right rumina! vein catheter 

were noted in all the calves in practically every test period ( table 40) . 

The mechanical factors involved in diverting the normal flow of bloOd through 

o an angle of 180 were fourd to be  at least in part responsible for these 

fluctuations, since minor reorientation of the catheters frequently 

resulted in profound changes in blood flow. Stati stical analysi s of the 

mean blood flow rates ( table 41 ) recorded during the different tes t  periods 

indicated that,-



TABLE 42 

Changes in the pH of rumen contents during the acute volatile fatty acid absorption experiments 

pH of Rumen Contents 
Experimental Particulars 

G R O U P  I G R O U P  II G R O U P  III 
Milk Milk & Pasture Milk 

CaJ.f No. 1 2 3 4 5 6 7 8 9 

o min 7. 1 6  6 .23 6.57 7.21 7. 32 6 . 98 6. 64 6 .62 6 .90 
P E R I O D A 

30 " - - -
0. 9 % NaCl 

7. 1 1  7.02 6 .94 6 .60 6 .50 6. 75 

45 " 6. 95 5. 90 6. 1 1 - - - - - -

P E R I O D  B o min 6 . 1 0  6 .05 6 .07 6 .23 6.21 6 . 1 5 6.08 6.08 6 . 1 2 

0. 1 5  M VFA 30 " 6. 51 6.25 6 .38 6.47 6.53 6 .52 6 . 30 6 . 31 6. 35 

P E R I O D  C o min 7. 70 6 .06 6.1 8  6 .86 6 .88 6 . 66 6 . 34 6 .37 6 . 65 

0.9 % NaCl 30 n 6 .59 6 .95 5. 68 6 . 79 6 .86 6.76 6 .51 6 . 50 6.74 
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1 .  The dif'ference in the rate of blood flC7N through the right 

ruminal vein oa theter between the younger calves ( Group I) and. 

the older ones ( Group II and III) was significant (at  the 5 % 

level) . 

2. The difference in the rate of bloo d flow through the right 

nuninal vein catheter between the two groups of older calves 

( Group II and Group III) was not significant ( at the 1 0  % level) . 

3. The introduction of WAs into the rumen (Period B) did not result 

in a significant (not significant at the 1 0  % level) increase in 

the rate of blood flow through the right ruminal vein catheter 

in any one of the three groups of calves. 

4. The decrease in blood flow through the r ight runinal vein catheter 

between the f irst (Period A.) and the second (Period 0) control 

periods was highly significant ( at the 1 % level) . 

pH of Rumen Oontents (table 42) 

An increase in the pH of the runen was noted in all the calves 

following the introduction of WAs into the rumen (Period B, table 42) . 

T,he magnitude of this increase was not characteristic of any one group of 

calves. 

A decrease in the pH of the rumen wa� recorded in all the calves 

during the f irst control period (Period A, table 42) .  The pH of the rumen 

increased during the second control period (Period C) in calves 2, 6,  7, 8 

and 9, and decreased in the others ( table 42) . 



TABLE 43 

Rumen capacit.y of experimental calves 

Experimental Particulars G R O U P  I 
Milk 

Calf No. 1 2 3 

VFA solution introduced, ml 500 500 500 

*Rumen capacit.y, ml/kg body weight 1 3. 1  1 5. 6  1 2. 8  

*Average rumen capaci ty/kg live weight/group, ml :  Group I 1 3. 8  

Group II 29.0 

Group III 29. 7 

G R O U P II 
Milk & Pasture 

4 5 6 

2000 2000 2000 

28. 6 28. 6  29.8 

G R 0 U P  III 
Milk: 

7 8 9 

1 200 1 300 1 500 

26. 1  28. 9  34. 1  
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Rumen Capacity (table 43) 

For comparative purposes the estllnates of rumen capacity were expressed 

in nil/kg of live body weight ( table 43) . Rumen capaci ty ranged from 1 2.8-

1 5. 6  ml/kg of body weight in Group I calves,  28. 6-29.8  ml/kg of body weight 

in Group II calves and 26.1 -34. 1 ml/kg of body weight in Group III calves 

( table 43) . 

Growth Rate of the Calves (table 31) 

The birth weight of the calves ranged from 28-39 kg ( table 31 ) .  All 

the calves were heal tlJiy throughout the rearing period and none were observed 

to suffer from any of the oalfhood diseases . The growth rate of the calves 

raised on pas1llre was higher tlan that of the calves reared on milk only. 

Group II calves gained an average of 0. 76 kg/calf/day, and Group III 

0. 31 kg/calf/day ( table 31 ) .  

DISCUSSI ON  

Volatile fatty aoid absorption from the rumen was first demonstrated. 

in anaesthetized animals (McAnally and Phillipson, 1 942) .  For a number of 

years following this initial observation aoute preparations served. as the 

major source of in:fonDation oonoerning VFA transfer across the rumen wall 

(Barorot't et al. , 1 944; Danielli et al. , 1 946 ; Gre.y, 1 948;  Masson and 

Phillipson, 1 951 ; Kiddle et al. , 1 951 ; Ftander and Phillipson, 1 953) 

since the investigation of this phencxnenon in oonsoiws animals had to 

awai t the evelopnent of' teohniques for the ohronio ca the teriza tion of the 

portal vein (Sohambye and Phillipson, 1 949; Annison et al. , 1 957) . 
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A.lthough acute experiments represent a major departure fran the normal 

physiologioal conditions tha t prevail in the intaot animal many of the 

qualitative aspeots of VFA transport made in anaesthetized. preparations 

were later oonfinned in oonsoious animals. More reoen t experiments 

indica te tha t anaesthesia, surgery, loss of blood, s tarva tion ani washing 

of the rumen all retard the ra. te of VFA absorption (Sohambye, 1 955 a & b ;  

Dobson and Phillipson, 1 956 ; Annison et al. , 1 957; Fegler and HUl, 1 958;  

Bensadoun and Reid, 1 962 ; Sutton e t  al. , 1 963) . 

Absorption of Vola tile Fa tty Aoids fran the Rwnen (tables 34. 35, 36. 37. 

,38 and 39 

Evidenoe of WA absorption from the xunen of 3-5 day-old calves 

(Group I)  was presented in the re sults of the acute experiments desoribed 

in this ohapter ( table 37) . The ability to absorb WAs appears to be 

inherent in the rumen wall and. does not seem to be dep endent on either the 

oonsumption of solid feeds or the es tablishment within the rumen of a 

microbial population th.a. t is oharaoteristio of the IDa ture animal. Suoh a 

finding is no t  surprising since all the evidenoe to-date indicates tha t  

th e  VFAs are transported across the rumen wall by a prooess of simple 

diffusion (DobsoJl, 1 961 ; Annison, 1 965) . A similar observation was made 

by Sutton e t  al. ( 1 963) who investigated the same problem in oonscious 

oalves by the disappearanoe of the WAs from the rumen rather than by their 

appearanoe in the blood (page 1 0) .  

The ability of 3-5 d.a.y-old oalves to metabolize VFAs is also itdioated 

in the present s 1aJ.diy  by the substantial removal of absorbed WAs fran the 

peripheral. oiroula tion ( table 3lf.) . Young et al. ( 1 964.) fown that young 

milk-fed calves are capable of metabolizing the VFAs readily. The above­

mentioned two observations, namely the absorption and metabolism of VFAs 
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by 3-5 �-old calves 'Were later oonfirmed in another series of aoute 

experiments (Chapter V) in which labelled aoetate was inoorporated in the 

buff ered VFA solution introduoed into the rumen. 

Experiments with mature l"Iwinants indioate that the WAs are trans­

ported across the rumen wall by a prooess of passive absorption, and that 

the rates of transfer are dependent on the ooncentration gradients of these 

acids and on 'the pH of the rumen (Masson and Phillipson, 1 951 ; Dobson, 

1 961 ; Annison, 1 965) . An inorease in the ra te of WA absorp tion must 

aooauplUliY the post-natal anatomioal maturation of the rumen sinoe papillary 

development leads not only to an expansion of the absorptive surf'ace of 

the rumen (Warner e t  al. , 1 956; Tamate e t  al. , 1 962) but also to a 

grea ter vasaulariza tion of the rumen wall (Dobson et al., 1 956) . 

The aoute exp eriments described in this ohapter did not reveal a� 

dif't erenoe in the rate of VFA transport between 40-44 day-old milk-fed 

calves (Group III) and calves of the same age whioh had, in addition to 

milk, free access to pasture (Group II) . Both the blood flow rates through 

the oatheterized right rumina.l vein ( table 4-1 ) and the veno-arterial VFA 

conoentration differenoes of the rumen ( table 37) were of a similar 

magni tude in these two groups of oalves. Sutton et al. ( 1 963) no ted an 

inorease in the disappearance of the VFAs fran the rumen wi th advancing 

age in oonsoious calves the. t had been fed on milk, alfalfa pellets and 

f inely grourrl calf starter, but not in calves that had. been reared on a 

die t of milk only. In the pre sent study the similar absorption ra tes noted 

in the two groups of older oalves (Group 11 and Group III) sugges t that the 

rumen papillae were not sufficiently developed in the 40-44 day-old calves 

that had aocess to pasture (Group II) to materially inorease the ra te of 
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VFA absorption. Evidence that this may have b een the oas e is presented 

in the experiments of Brownlee ( 1 956) who observed a more rapid develop­

ment of rumen papillae in milk and ooncentrate-fed calves than in calves 

fed on milk and grass. 

Endogenous sources of circulating VFAs (Annison and White, 1 962 ; 

Lee and Williams, 1 962) were indioa ted in this study by the presence of 

these acids in both rumen effluent ani carotid blood during the two oontrol 

periods (Periods A and 0, table 34) . Although the oiroula ting levels of 

WAs recorded in the se two p e riods (Periods A and 0, table 34-) were higher 

than those normally founi in fasted consoious animals (Annison et al. , 

1 957) , the veno-arterial VFA conoentration differences of the rumen were 

obs erved to be negligible ( table 37) . Whe ther the elevated concentrations 

of circulating WAs were caused by the mobilization of body fat during 

these p eriods of simulated aoute starvation (Periods A and 0) , or whether 

they were a re sult of the administration of heparin, was not de tennined. 

The changing oonoentra. tion of circulating WAs noted in the oontrol periods 

(Periods A and C) of any one experiment ( table 34) suggested tha t the 

contribution of endogenous WAs to the circulation takes place , at least 

in acute preparations, at an uneven and ilTegular rate. Under these 

condi tions the deIOOnstra tion of a basal faa ting level of o ircula ting WAs 

would b e  almos t  impossible. 

Blood Flow Through the Right Ruminal Vein Cathe ter (tables 40 and 41) 

Dobson and Phillipson ( 1 956) demonstrated an increase in the rate of 

blood flow through the l"lIIlen of anaesthe tized sheep following either the 

introduotion of WAs into the rumen or the lowering of rumen pH when WAs 
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were present. An enhanoed level of WAs in the l'lIllen of oonsoious animals 

has also been shown to result in an increase in the rate of blood flow 

through the portal vein (Bensadoun and Reid, 1 962) , and. the right ruminal 

artery (Sellers, 1 965) . The introduction of VFAs into the rumen in the 

present study (Period B) did not result in a significant increase in blood 

flow through the right ruminal vein catheter ( tables 40 am 4-1 ) .  Mechanical 

factors assooiated with the diversion of blood. through an angle of 1 800 

may have masked an increase in blood flow. The possibility that calves 

under the age of 40-44 days have not yet developed the capaoi ty or the 

mechanisms to respond. to the addition of WAs to the rumen in a similar 

fashion as do older animals must also be taken into aooount. 

A greater rate of blood flow through the right rtminal venous oa theter 

was noted in the older calves ( Group II and Group III) 'than in the younger 

ones (Group I ) . This inorease was most probably charaoteristio of the 

older animals since similar rates of blood flow were observed in bo th  groups 

of older oal ves (Group II and. Group III) . The deoreased flow rates 

recorded during the second (Period 0) of the two oontrol periods (Periods 

A and. 0) may have been a refleotion of a gradual deterioration of the 

prepara. tiona • 

pH of Rumen Oontents (table 42) 

Danielli e t  ale ( 1 94-6) and Sutton et ale ( 1 962) demonstrated an 

increase in the pH of rwnen contents following the introduction of WAs 

into the i solated and. washed rtmen, and. attributed this rise in pH to the 

absorption of VFAs from the I'lIIlen. The studies of Masson and Phillipson 

( 1 951 ) and Ash and Dobson (1 963) showed that the transfer of WAs aoross 
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the rumen wall was aocompanied by the entry of bicarbonate into the rumen. 

In the present study the introduotion of VFAs into the rumen was 

always followed by an inorease in rumen pH (Period B ,  table 42) . Although 

this finding does not by i ts elf' oonsti tute evidence of VFA transport aoross 

the rumen wall , it nevertheless is in agreement with the obs ervations of 

Danielli et ale ( 1 946) , Masson and Phillipson ( 1 951 ) ,  Sutton e t  ale ( 1 962) 

and Ash and Dobson ( 1 963) . 

Rumen Oapaoi ty (table 43) 

The effeots of advanoing age and diet on rumen capaoi� were investigated 

in Friesian calves by Warner et ale ( 1 956) and Tama te e t  ale ( 1 962) . They 

slaughtered calves a t  various ages and estima ted rumen volume by aqueous 

distention to a oonstant head. Rumen volume in new-born calves was found. 

to range between 0.5  and 1 . 6 lit. The rumen in oonoen tra te and hay-fed 

oalves reaohed adult proportions ( relative to body weight and. o ther parts 

of the canpound stomach) by the age of 1 3-1 5 weeks. Al though Tama te and 

his oo-workers no ted an increase in rumen volume relative to body weight 

wi th advancing age in milk-fed oalves, Wamer and his oolleagues did not 

make a similar obs ervation. Smith ( 1 959) e stimated the volume of rumen 

contents in consoious oaJ.ves by the introduction of po13etb3rlene &13001 into 

the rumen of milk-fed oalves. His estimates of rumen oontents were le ss 

than the dis tended. r1.IIlen volumes de termined by Warner e t al. ( 1 956) and 

Tama te e t al. ( 1 962) . He did, however, demonstrate a progressive inorease 

in the volume of rumen oontents relative to body weight wi th advancing age 

in milk-fed calves. 

In the present stud,y the distended rumen volume of the calves whioh 
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had aooess to pasture (Group II) was greater than that of the oalves fed 

on a diet of milk only (Group III , table 43) . When expressed on a body­

weight basis, these estimates of disterded rumen volumes were however 

oomparable for both groups of older oalves (Group II and Group III) . An 

increase in the dis tended volume of the rumen relative to body weight was 

noted with advancing age in the calves fed on a diet of milk only (Group 

III) ; this is in agreement with the findings of both Smith ( 1 959) and 

Tama te e t  al e  ( 1 962) . Free aocess to pasture up to the age of 40-44 days 

(Group II) did not appear to stimulate a de tectable inorease in the 

distended rumen volume determined in these calves under anaesthesia. 

Growth Rate of the Calves (table 31) 

Al though both groups of older calves (Group II and Group III ) were 

f ed the same daily amounts of milk, the growth rate of the calves that 

had access to pas ture (Group II ) was more than twioe that of the calves 

that were fed on milk only (Group III ) . This greater growth rate must at 

least in part be attributed to the oonsumption of pasture since the milk­

fed calves (Group III ) did not appear to suffer from any of the oalf'hood 

diseases. The growth rates noted in the present study iniioate that 

calves under the age of 40-44 days can utilize pasture ; presumab'ly this 

is an indication of the establishment at quite an early age of an effeotive 

rwnen fennentation. I t  has been reoorded by both Godfrey ( 1 961 ) and 

S tewart ( 1 962) that adult VFA. conoentra tions can be deteoted in the rumen 

of 3-4 week-old pas ture-reared calves. 
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SUMMARY 

1 .  The effeots of advanoing age ani die t  on WA absorp tion fran the rumen 

were studied in anaesthe tized oalves by ohanges in the veno-arterial 

VFA oonoentra tion difference of the rtmlen following the introduc tion 

of WAs into the rumen. 

2. Three groups of calve s were used. Group I and. Group III calves were 

reared on a die t of milk o�. Group II oalves had, in addition to 

milk, free access to pasture from the age of 5 days onwards. 

3. Aoute WA absorption experiments were performed at "the age of 3-5 days 

in Group I cal. ves and. at the age of 40-41+ days in Group II and Group 

III calves. 

lJ.. I ncreases in the veno-arterial VFA ooncentration of the I'Wlen were 

no ted in 3-5 day-old calves following the introduc tion of the WAs 

in to the runen. 

5. Vola tile fatty acid utilization following absorption in the 3-5 day­

old calves was indica ted by the degree of reIOOV'al of these aoids fran 

the peripheral ciroula tion. 

6. No differences in the ra te of VFA absorp tion fran the rumen were 

apparent be tween 4O-4l+ day-old milk-fed calves ani oalves of a similar 

age which, in addition to milk, had free aoo e ss to pasture. 

7. These s tudies sugge sted the use of radio-aotive isotope s in further 

aou te experiments. 



CHAPTER V 

THE APPEARANCE OF ACETATE-1 -o 14 IN RUMEN EFFLUENT AND CAROTID BIOOD 

FOLU>WING THE INTRODUOTION OF PREFORMED VOLATILE FATTY ACIDS 

INTO THE RUMEN OF ANAESTHETIZED CALVES 

Transfer of VFAs aoross the rumen wall was demonstrated in 

anaesthetized 3-S day-old calves by ohanges in the veno-arterial VFA 

00 no entra tion differenoes of the rumen (Ohapter IV) . Rapid. removal of 

absorbed WAs from the peripheral oiroula tion was also indioa ted in 

these studies. 

The aoute experiments desoribed in this chapter were aimed at 

obtaining oonfirmation of the above-mentioned two observations. Radio­

active acetate was added to the VFA solution introduoed into the rumen, 

and its appearance in the blood was considered as evidence of absorption. 

REVIEW OF LITERATURE 

No referenoe was found in the literature oonsul ted to work with 

radio-aotive isotopes on the absorption of VFAs from the rumen of oonsoious 

or anaesthetized calves during the f irst week of life . 
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MATERIALS .AND METHODS 

Experimen tal Animals 

Three Friesian bull-oalves were used. The calves were transferred. 

to ooncrete oalf-pens after two days of oolostrum feeding on their dams. 

Details of their age and body weight at the time of' the experiments are 

presented in table 41+. 

The age and body weight of the oalves. 

Oalf' No. 

1 0  

1 1  

1 2  

Experimental Design 

Age 
days 

4 
3 

4 

Bod3' weight 
kg 

35 

33 

34 

The oalves were 3-4 days old when the experiments were performed. 

( table 44) . They were fasted for a period of' 24 hours prior to the 

experiments. Anaesthesia and surgical procedures were similar to those 

desoribed in Chapter IV. 

Experimen tal Prooedure 

The rumen was emptied. and rinsed with waxm ( 37°0) 0. 9  % NaOl at the 

beginning of each expedment, after whioh 0.5 lit of' the buffered VFA 

solution (Ohapter IV) oontaining 1 50  J.l ouries of' aoetate-1 -o14 (Radio-

ohemical Oentre, Amersham, England) were introduoed into the runen through 

the glass oammla.. Simultaneous samples of rumen effluent and carotid 



TABLE 45 

Volatile fatty acid concentration and radio-activity of blood colleoted simultaneously from the right 
ruminal vein and oarotid artery. 

VFA Concentration of Blood RadiO-aOtiVi� of Blood 
Experimental Particulars m-moles/lit counts min 

(corrected for background) 

Oalf 1 0  Calf' 1 1  Calf' 1 2  Calf 1 0  Oalf' 1 1  Oalf' 1 2  

Rum.inal vein o min 3. 1 2  3.23 2. 96 1 0 0 

1 5  " 4.23 3. 38 4.1 9  86 20 38 

30 " 4.02 4.1 8  3.92 1 1 0  26 4lf. 

45 " 4.54- 3.94 - 1 39 40 -

60 " 4.62 3.41 - 1 53 59 -

Carotid artery o min 2. 74 3. 1 2  2.97 0 0 0 

1 5  " 3.35 3.02 3.61 5 0 1 

30 " 3.75 3.1 9 3.49 7 0 2 

45 " 3. 38 3.4lf. - 4 0 -
60 " 4.05 3.1 7 - 5 0 -

..... 
t; 
I 
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Fig. 33 . Radio-activi ty of rumen effluent and. carotid blood samples. 
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blood were oolleoted 0, 1 5, .30, 45 and. 60 minutes a!'ter the introduotion 

of the test solution into the rumen. These samples were later a.nalysed 

for their VFA ooncentration by the method desor:ilied in Ohapter I (Annison, 

1 954) . Blood flow through the right nuninal venous catheter was measured. 

0, 10,  20, .30, 40, 50 and 60 minutes after tile introduction of the VFA 

solution into the rumen. 

The ti tra ted steam distillates of blood were eva.pora ted to dryness 

(8000) after the addition of a further 0.2 m1 of 0.01 N NaOH. They were 

then reoonstituted in 1 m1 of distilled water. Aliquots of 0.1  ml were 

transferred onto glass planohettes and. dried under an infra-red lamp. Radio­

aotivi ty was determined by Geiger-Miiller deteotion using both a Phillips 

PI' 4141 Gas-Flow Deteotor and a Phillips 1 8506 mioa end-window deteotor 

( standard error 4 %) . 

RESULTS 

Tables 45 and 46 stUmlarize the results of the acute experiments 

desoribed in this ohapter. The runinal vein catheter lost its patency 

wi thin half an hour in the oase of oalf' 1 2 and the experiment was 

tennina ted. 

Transfer of aoetate-1-o1 4  aoross the rumen wall was demonstrated in 

eaoh of the three calves studied ( table 45, fig. 33) . The rate of aoetate-

1 _01 4  absorption appeared 10 inorease as the experiments progressed 

( table 45, fig. 33) . Rapid metabolism of absorbed aoetate-1 -o1 4  was 

indioated by the neal'-()C)q)lete removal of the isotope from the peripheral 

oirculation ( table 45, fig. 33) . 



Blood. flow rates through the right ruminal vein catheter during the aoute volatile fatty acid absorption 
experiments in which radio-active aoetate was introduoed into the rumen. 

Time after the introduotion of' 
WAs into the rumen 

o min 

1 0  " 

20 " 

30 It 

40 It 

50 " 

60 " 

Blood Flow Rate Through the Right Ruminal Vein Catheter 
ml/min 

Calf' 1 0  Calf' 1 1  Calf' 1 2  

1 2.4 1 2. 0  1 1 .0 

1 6.0 1 7.5 1 5.5 

1 4.5 14.0 9.0 

14.5 1 3.0 4.5 

1 2.5 9.0 

1 0. 0 

1 0. 0  4. 0  

� 
-t:-
0'\ 
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An inorease in the flow of blood through the right rumi.na.l vein 

catheter was observed in all three calves 1 0  minutes af ter the WAs were 

introduoed. into the rumen ( table 46) . Following this initial rise, a 

gradual deoline in blood flow was noted as the experiments progressed. 

DISCUSSION 

Unequivooal evidenoe of acetate-1-C14 transfer aoross the rt.men wall 

in 3-4 day-old calves was presented in the aoute experiments desoribed 

in this ohapter by the appearanoe of the isotope in rumen effluent blood. 

( table 45, fig. 33) . Whether the increasing re.te of aoetate-1-c14 transport 

noted in all three experiments as they progressed was a :funotion of the 

time taken for the isotope to di.:ffuse across the rumen wall, or whether 

it indicated an active fom of absorption was not detennined. Regardless 

o:f whether the assi.m:i.l.aticn of aoetate-1-c1 4 was by aotive or passive 

prooesses, the results of the present stud\1 indioated that the ability 

to absorb "the isotope fran the rumen was not a oonsequence of either the 

oonsumption of solid feeds or the establishment wi thin the rt.men of a 

miorobial population that is oharaoteris tic of an adul t ruminant. The 

inoreasing capaoi ty to absorb WAs that aooompanies rumen developnent 

seems therefore to be dependent on the expansion of pre-existing mechanisms 

rather than on the developnent of new ones. 

The increasing oancentra. tion of aoeta te-1 -c 14 in rumen effluent blood 

noted in all "the experiments as they progressed was not acoompanied by 

a similar rise in the radio-aotivity of carotid blood. A1 though dilution 

of rumen of:fluent blood in the peripheral oiroula tion oould have oontributed 

in part to the low radio-aotivi ty of carotid blood, this near-complete 
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removal of aoetate-1 -01 4 from the peripheral oirculation suggests the 

rapid metabolism of the isotope by the 3-4 day-old anaesthetized oalves 

used in this study. 

Dobson and Phillipson ( 1 956) , Bensadoun and Reid (1 962) and Sellers 

( 1 965) have demonstrated that an enhanced level of VFAs in the rumen of 

adult animals re sults in an increased rate of blood flow through the fore­

stomach. A similar initial rise in blood flow was noted in the present 

study following the introduotion of the buf'fered VFA solution into the 

rumen of the 3-4 day-old anaesthetized calves. The gradual decline in 

blood flow observed following the initial rise ( table 46) might have been 

due to the deterioration of the preparations during the course of these 

experimen ts.  

SUMMARY 

1 .  Vola tile fa tty aoid. transfer across the rumen wall was studied in 

three anaesthetized 3-4 day-old Friesian bull-calves by the appearance 

or aoetate-1 -C1 4 in rumen effluent blood following its introduction 

in to the rumen. 

2. Absorption of aoetate-1 -C 1 4 was demonstrated in all three oalves. 

3. The rate or acetate-1 -C1 4 transfer increased as the experiments 

progressed. 

4. Rapid metabolism of absorbed aceta te-1 -C 1 4 was indioa ted by the near­

complete removal of the isotope fran the peripheral oircula tion. 
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OONCLUSION 

The results of the s tudies described in this Thesis indicate that 

calves are capable of absorbing VFAs fran the rumen and of utilizing 

thes e  acids during the first week of post-natal life, prior to the 

consump tion of solid feeds ani the es tablishment wi thin the rumen of' 

a microbial f ennentation similar to that fotmd in adult anima.ls. 

On the basis of these observations it would appear that the 

utiliza tion of solid feeds by calves during early post-natal life is 

not limited by their inability to absorb or metabolize the VFAs that 

are produoed in the rumen by miorobial fermentation. The limiting 

faotor to solid feed utilization seems to be one of intake, since all 

the evidenoe to date indicates tha t  the ini tia tion of a miorobial 

fermenta tion wi thin "the runen of' young calves reared on pasture which 

has been recently grazed by older ruminants is a na tural consequenoe 

of solid f eed intake. 

Whether or not calves oan be induoed to oonsume solid f eeds sooner 

and. in greater quanti ties than they normally do by limiting milk intake 

and improving the palatability of solid f eeds are matters for future 

investiga tion. 
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Appendix 

TABLE 4-7 

Analysis of variance of the volatile fatty acid concentration of arterial 
oarotid blood for different groups in different periods. Samples taken 
1 5  minutes af ter the introduction of tes t  solutions into the rumen. 

Source of Variance Degrees of Freedan Yean Square F 

Total 25 

Periods 2 0.451 3 Not signif icant 

Periods x oalves 1 1  0.4579 
within groups 

Periods x groups 4- 0. 1 701 Not signif ican t 

Groups 2 0.8387 Not signifioant 

Calves within groups 6 0. 74-93 

TABLE 48 

Analysis of variance of the vola tile fa tty acid concentration of arterial 
carotid blood for different groups in different periods . Samples taken 
30 minutes af ter the introduction of test solutions into the rumen. 

Source of Variance Degrees of Freedan Mean Square F 

Total 25 ' -

Periods 2 0.034-7 No t signifioant 

Periods x: oalves 1 1  0. 1 566 
wi thin groups 

Periods x groups 4- 0.44-61 No t signifioan t 

Groups 2 0.5754- Not significant 

Calves wi thin groups 6 0. 6553 
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TABLE 49 

Analysis of varianoe of the veno-arterial volatile fatty aoid ooncentration 
differenoes f'or dif'f'erent groups in different periods. Samples taken 
1 5  minutes a:f'ter the introduotion of test solutions into the I'I.Ullen. 

Source of' Varianoe Degrees of' Freedom 

Total 25 

Periods 2 

P:B v PA + Pc 
2 

1 

PA v Pc 1 

Periods x calves 1 1  wi thin groups 

Periods x groups 4 

Groups 2 

Calves within groups 6 

TABLE 50 

Mean Square 

4. 1038 

8. 1 667 

0. 041 0 

0 . 51 68 

0.4D70 

0. 7539 

0.594.8 

F 

P < 1 % 

P < 1 % 

Not significant 

Not signifioant 

Not significant 

Analysis of variance of the veno-arterial vola tile fatty aoid ooncentra tion 
differenoeefor different groups in dif'ferent periods. Samples taken 
30 minutes after the introduotion of test solutions in to  the rumen. 

Souroe of Varianoe Degrees of Freedan Mean Square F 

Total 25 
Periods 2 1 1 . 6374- P < 1 % 
P.s v PA + Pc 1 23.2723 P < 1 % 

2 
PA v Po 1 0.0025 Not significant 

Periods x- oalves 1 1  0. 3971 wi thin groups 
Periods x groups 4- 0.4000 Not signifioant 

Groups 2 0�4307 Not significant 
Calves wi thin groups 6 0. 3228 
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TABLE 51 

Analysis of variance of the mean blood flow rates through the right 
ruminal vein ca the ter* 

Source of Variance Degrees of Freedom Mean Square F 

Total 25 

Periods 2 0.073504 

E13 v PA + Pc 1 0.003366 Not significant 
2 

PA v Pc 1 0 . 143643 P < 1 % 

Periods x calves 1 1 0.008860 within groups 

Groups 2 0. 728670 P < 5 %  

Calves wi thin groups 6 0.0741 94 

-Data transfonned to logarithms for analysis of variance to eliminate a 

correla tion between the variance and mean. 
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