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INTRO:iJUCTION. 

Economy j_n feeding the ruminant is based. on taking .full ad.vantage 

of rum.en function. At birth however the rumen is not tunctional 

arid the very young animal is dependent on a diet which it c~:u1 digest 

without aid from microbial fermentation. The need for a readily 

assimilated diet is normally fulfilled by the r:1other 's milk. In tbe 

case of naturally reared animals this milk may continue to provide 

a signi:ficant proportion of the nutrients in the diet of the young 

animal even when rumen function haB been establif::1hed and it is capable 

of obtaining its nutrient requirements from grazing alone. 

Recognition of the fact that milk is an ideal food for young 

animals is reflected in the extended perj_ods of milk feeding which in 

the past have been characteristic of the rations fed to artificially 

reared dairy stock. However there may be several dj.sadvantage s in 

such a practice, not the leaBt of which being the amounts of milk and 

labour involved. 

In the search for more economical methods of calf rearing, the 

possibi.li ty of weaning at an earlier age has been investigated0 

Calves have been weaned as early as 3 wee~s of age (Preston 1960), 

and it is icnown that calves which are provided with high q_uali ty 
..... 

pasture may be weaned at about~ weeks of age without ill effect. 

T.be age at which weaning may 1)e accomplished will depend on the 

age at whicb rumen function 6evelops or is capable of developing~ 

'.Efforts have been made to elucidate the ph;ysiological changes which 

occur in the rumen durir.Lg the transition from non ruminant to ruminant 

and corrniderable advances have been made in this .field. However 

little information is available on the normal pattern of development 

of rumen function in dairy calves. Such information as is avail.able 

su.gger3ts that, in line 'Ni th the experience from early weaning, rumen 

function can become established at an early age. Nevertheless 

further investigation of rumen :function development seenH3d desirable, 

:particularly in relation to cabres reared on pasture. 



Following a e.Li.minary trial to investi.ga ti~ and beconw 

:familiar with techniques, an experi.ment was corwucted in which 

some a:c,pects of rumen .function development i.n 1)astu.re feel caJ.ves 

1.vere studied@ The procedures u:-::rnd i.n these studier, and. ·the 

results obtained are reported, together with a brief review of the 

literature e.nd e. discussion of the resul t::i., 



REVIEW OF LITERATURE. 

I. Compara·ti ve Anatomy and Physiolo~;y: of the Stomach* 
of t11e Newoorn and Adul. t ovine,, 

The capacity o:r the adul. t rumen varies greatly with the age 

and size of the animal, but usually accounts for some oO per cent 

of the total. stomach volume (Annison and Lewis, 19:::>9). Sisson and 

Grossman (19::i4) state that, in the newborn rum.inant, the rumen and 

reticulum together are about ha.Lt' as l.arge as the a.bomasum. For 

newborn calves, Warner et al (19::>6) demonstrated that the reticulo­

rumen volume was three-quarters of the vo.Lume of the abomasum and 

Flatt et al (19::>':1) showed the rumen alone to be ha.if the size of 

the abomasum, but these results were obtained with a water fil.l.ing 

technique which may have stretched the rumen and reticulum more 

than the abomasum. 

The lining of the adu.it forestomach consists of a stra.tified 

squamous epithe.iium (Phil.Lipson, 1961) which in the rumen is 

extensively papillated; in the reticulum has a honey combed-like 

structure; and in the omasum is in the form of longitudinal fol.ds 

which occupy the major portion of its cavity (Sisson and Grossman, 

19~4). In contrast, the newborn calf has a forestomach that is 

rudimentary; the papil.lae of the rumen wall are soft and short, 

the spaces between tne J..eaves of the omasum are not full.y patent 

and the honeycombed-like structure oft.he wal..1 of the reticulu.m 

is particul.arJ.y undeveloped (Blaxter, 1954). 

Within the adu.Lt rumen an environment which supports a large 

and diversified microbial. population is normal.Ly maintained 

(Annison and Lewis 195~). This microbial popu..1at1on is .Large.Ly 

responsi.ble for the chemical. reactions occurring within the rumen .. 

Among the major functions of' the rumen are the·digestion of 

cel.lu.Lose, the synthesis of protein from non protein nitrogen and 

the synthesis of B vitamins (Phill.:i.pson, 1960). Concomitant 'Ni th 

cellulose digestion is the production and absorption of vo.Lati.ie 

fa.tty acids (Annison and Lewis 1959). 

* In this thesis, "stomach II inc.Ludes aJ . .L :rour compartments 
( rumen, reticu.lum, omasum, and abomasum) since they a.LJ. 
develop :t'rom the embryornc stomach ( Blaxter, 1 ~, 4); 
"fores·tomach 11 refers to "the three compartments ru.men, 
reticulu.m and omasum. 



These functions have been shown to be non existent or evident on1.y 

to a small degree in the very young cal.f (See Section IV.). 

·~urtherm.ore the act of rumination, which in the aclul t is well 

developed and occupies a large portion of the animals' time 

(Hancock 1953), is absent in the newborn animal. 

SummarY,,. 

Whereas the forestomach o:r the adu.L t bovine is re1.at1.vely 

large, wel.l developed and capable of digesting cellulose, producing 

and absorbing vol.atil.e fatty acids and synthesizing prote~n and B 

vitamins, the forestomach of the newborn calf is rudimentary both 

anatom1.ca.l.Ly and physio.Logically. 



II. arison of the Techin ues for 

(a) .~laughter of the animal. 

Slaughter enables the investigator to measure the weight of the 

stomach compartments and their tissue comp·onents. Also papillary 

growth may be accurateJ.y measured and. other histoJ.ogica.l observation:3 

made. Such measurements are not possible with other techniques& 

The major disadvantage of the slaughter technique is that 

measurements are obtainable at on.ly one stage in the animal's life., 

In order to compare rumen development at dit·terent stages, a la~.ge 

number of calves is needed it' good estimates of mean development and 

variabi.lity are to be obtained at each stage. 

(b) Fistulation. 

In contrast to slaughter of animals, fistulation makes possible 

the repeated observations of some criteria on the same animaJ. at 

different stages. In particu.lar samples of rumen contents for 

analysis may be taken from known sites; in vivo celluJ.ose digestion 

may be studied; and in vivo volume measurements may be obtained. It 

also provides a means o:f administering known quantities o:r treatmern 

mai;erials that wouJ.d not normally be consumed by the animal. 

'T.'hile it is generally conceded that a properly closed fistula in 

mature animals is not deleterious (e.g. Drori & Loosli, 1959) it is by 

no means certain that such is the case in calves. Flatt et al (1959) 

found that fistuJ.ation resulted in lower dry food consumption and 

retarded growth rate of their calves. The excellent gains and feed 

conversion efficiencies of their fistu.lated milk :fed calves indicate 

that the fistula per se was not detriment.9.1 where ad lib dry feed 

consumption was not a factor. 

While it is possible that the utilization of dry feed was impaired 

by the imperfect rumen cannula, 'Flatt et al (1959) claim that the data 

they present does not justify such a conclusion. However their data 

concerning fistu.lated. and unfistulated calves (four calves each) fed 

hay and grain show that the fistu.Lated calves ate less dry food, grew 

at a slower rate, and were less efficient converters of food (as 

indj.cated by TDN/lb gain) than the unfistulated calves, indicating that 

dry food utilization was impaired. Although similar body weight gains 

and dry feed dry matter intakes were maintained f'or fistulated and 



unfistulated hay fed calves, only one calf per treatment was involved 

and it is not made clear whether or not different milk intakes were 

responsible for the similar body weight gains. That such a 

possibility exists is indicated by their earlier statement that 

"calves received varying amounts of milk------- to maintain the 

desired rates of gain in body weight 11 • 

The Cornell workers (Flatt et al, 1959) concluded that 

fistulation "did not prevent the deposition of stomach tissue, 

papillary growth, cellulose digestion, and production of VFA, 

suggesting that fermentation was not seriously impaired." Since 

no data are presented to enable a comparison of fistulated and 

unfistu.lated calves to be made (except for one comparison of 

papillary index which was lower for fistulated calves fed hay and 

grain) it is no·t c.Lear to what extent fermentation was impaired. 

(c) Stomach tube sam1ling. 

Use of the stomach tube enables samples of rumen contents to be 

obtained from intact calves. Although this permits the repeated 

sampling from the same calf, this method suffers from the 

disadvantage that the investigator is never sure from which part 

of the reticulo rumen the sample is taken. Because of the 

heterogeneity of rumen contents (Bryant, 1961), variation due to 

position of sampling is not eliminated. 

Slaughter is tb.e only method of obtaining anatomical data 

apart from capacity but as measures are obtained at only one stage 

in the calf's life it is unsuitable for observations on other 

criteria vvhich may exhibit large daily variation. Fistula ti cm 

and stomach tube sampling, because they enable repeated sampling 

overcome this difficulty but provide no anatomical data (except for 

in vivo capacity in the case of fistulation). However effects of 

fistulation in calves have not been adequately investigated and the 

site of sampling with the stomach tube is unknown. 



I w 

III Some Criteria which have been used in the stud of 
~ve 01 in0 rumen :t'unction in ca ves. 

(a) The di estion or cellulose • 

. 1vidence of cellulo.lytic activity in the rumen has been sough·t 

by in vivo and i11 vitro techniques. I<,latt et al ( 1959) estitl1ated 

cellulose digestion by measuring the loss of weight of loops of 

cotton thread suspended in the rumen via a rumen fistula for 24 hours 

at a time,. These workers found the method 

"quit~ useful for the q_uali tative det,3rmination of cellulose 
digestion and for purposes of comparison, 11 

al though no critical evaluation 01· tl1e method appears to have been 

made. " 

A simi.lar method was used in mature animals by Balch and Johnson 

(1950)~ They showed that tl1.e standard deviation of 10 individual 

values from a mean loss of 19.1~ was± 1.6~ when the loops were 

suspended together in the ventral sac of the rumen o:t' one of their 

cows., Considerable differences were found in loss of weight between 

positions when loops 1,vere suspended in dorsal sac, ventral sac or 

11 mict-rumen 11
• These workers also 1·oi.lnd a highl;y significant high 

correlation(r = + .940 d..1'. = 7) between time required 1'or a J07b 

loss 01· dry matter 01· tl1e cotton loop and dry matter content ot· tbe 

surrounding diges0a, which may expl.ain part 01· the variation 

encountered between positions in the rumen. 

This method of estimating cellulose digestion comm.ends itself 

because o:f its apparent simplicity and reliability. However its 

use in the study of developing rumen function needs care because of 

the variebili ty y;hich may arise due to the position 01· the l.oops in 

the rumen and the possib.le effect of' dry matter 01' the surrounding 

digests.. 

Two in vitro methods of estimating cellulose digestion were 

used by Lengemann & Allen (1955; 1959). The first consisted of 

suspending a v1eighted cotton thread in rumen fluid and measuring 

the time taKen for the thread to break. However Balch & Johnson 

( unpub.iished, cited by Ba.lch & Johnson 19'.JO) found that when 

measured by attachment 01' wei.ghts, t11e breaking stress of cotton 



Thread varies considerably at different places on the one thread. 

The second method used by Lengemann & Allen was the in vitro gas 

production of a sample of rumen liquor using Solka floe as substrate. 

The reliability of this method has not been tested butthe data 

presented by these workers indicates that results may be highly 

variable. 

It is apparent that further investigation is needed before arzy 

of these methods of estimating cellulose digestion can be used with 

certainty. In particular, the rela ti.onship between the estimated 

cellulose digestibility as obtained by these methods and the true 

cellulose digestibility is not known. On the basis of present 

knowledge however, it would appear that the method used by :Balch and 

J"ohnson and Flatt et al is most promising as a means of comparison. 

(b) Production of volatile fattl acids and pH of the 
rumen contents. 

It is now well established that volatile fatty acids (VFA) are 

produced in the rumen of adult animals as a result of degradation and 

fermentation of carbohydrate and protein by microorganisms (see 

Annison & Lewis 1959). Consequently, the presence of VFA in the 

rmnen of the calf may be taken as evidence of microbial fermentation. 

The estirnation of total VFA is commonly achieved by titrating 

the distillate from steam distillation of a sample of rumen. contents. 

Because organic acids besides fatty acids are steam volatile, although 

to a lesser extent, the distillation procedure is adjusted in order 

that their influence on the titre is minimized. Some steam 

distillation procedures were reviewed and experimentally tested by 

Bryant (1961) who concluded that 

"the high levels of VFA present in the ruminal contents can, 
for routine analysis be estimated sufficiently accurately ·by 
the steam distillat:Lon procedures outlinedo ---------------­
More accurate but time consuming proeedu.res similar to those 
used :for blood are obviated by the high levels of VB'A and low 
levels of interfering substances found in the rumen. 11 

From the work of Bryant and others (see Bryant's review) it is 

apparent that tl1e concentration of totaJ. VFA will differ according to -

(i) the site of sampling 

and (ii) the time of sampling; day to day and diurnal variation 
has been established. 



Furthermore, the type of diet has been shown to influence the pattern 

o:t' VFA production (Balch & Rowland 1957). These variations must 

be accounted for if a meaningful estimation of VFA is to be made. 

The use of fistulated animals is the best way in which this may be 

done (Bryant 1961), as serial sampling may be performed at a known 

site. 

The use of concentration of VFA has one serious limitation in 

that the actual concentration at any time will be the net result of 

production, absorption and dilution. However until evidence is 

obtained to the contrary, it is probably safe and indeed necessary 

to assume that where the concentration of VFA in rumen of the calf is 

within the adult range over a period of time, then rumen function 

has been established. This appears to be the implied assumption of 

investigators in the field of developing rumen function (e.g. McCarthy 

& Kesler 1956; Godfrey 1961b; Hibbs et al 1956). 

There are several difficulties involved in the use of pH as a 

criterion o:r rumen function. 

Firstly there is the problem of obtaining a reliable estimate 

of the pH as it occurs in situ. Turner & Hodgetts (19::i,a), 

investigating buffer systems in the sheep's rumen showed that loss 

of CO2 on exposure to air resulted in a riae in pH. As1Jira tion of 

ingesta from the rumen with a stomach tube may result in a high 

estimate of pH because of contamination with saliva (Briggs et al 

1957), air (Turner & Hodgetts 195Ja), or both. Briggs et al reported 

a method of obtaining rumen samples which, it was reported, gave pH 

readings identical with those obtained with electrodes in situ. 

Variation in pH with position and time of sampling has also been 

demonstrated~(Bryant 1961). 

Even when a reliable estimate of the pH of ruminal contents 

has been obtained there remains the problem of interpretation of this 

data. 

Differences in huffering capacity of ruminal fluid have been 

shown·to be ~ssociated with differences in irrterval after feeding, 

nature of the diet and consumption of drinking water, and were 

correlated with differences in total and relative concentrations of 

bicarbonate phosphate and VFA (Turner & Hodgetts 1955b). Cason et al 



(1954) claimed that the pH was closely related to ash content of the 

ingesta. Other factors which may influence pH of ruminal contents 

are ammonia concentration, Lactic acid concentration and salivary 

secretion (Briggs et al 1957). 

(c) Other Criteria. 

Several groups of investigators who have studied rumen 

development in calves have used anatomical criteria as a basis 

for their study. Those criteria which may be classed as 

anatomical include abattoir stomach volume (Warner et al 1956), 

in vivo reticulo-rumen volume (Flatt et al 1956), fresh weights 

of stomach tissues (Brownlee 1956; Godfrey 1961a), fat-free dry 

matter of stomach tissues (Warner et al 1956) and mucosal development 

and papillary growth (Warner et al 1956; Brownlee 1956; Flatt et al 

1959; Harrison et al 1960). Differences in anatomical development 

01' the rumen and reticulo-rumen due to age (Warner et al 1956; 

Godfrey 1961a) and diet (Warner et al 1956; Brownlee 1956) are 

evident but such differences probably reflect differences in rumen 

fermentation (See Section IV). 

Pounden & Hibbs (1948) proposed the use of type organisms as 

indicators of the presence or absence of a characteristic microbial 

population. However proof neither was sought nor obtained that the 

organisms mentioned were the most important ones in the digestion 

of feeds present. Although the data of Lengemann and Allen (1959) 

indicated that there may be some relationship between the establishment 

of type organisms and VFA production, the establishment of a microbial 

population characteristic of the adult may not necessarily be 

essential for rumen function. Russof (1951) who used a classification 

similar to that proposed by Pounden & Hibbs (1948) contended that: 

"-----------any attempt to gain an adequate indication of 
the true nature of what is happening in the rumen requires 

more than a microscopic examination of its contents. The 
heterogeneity of morphologically identical microbial forms 
makes any such examination of questionable value." 

A further criterion which has been used in the study of developing 

rumen function is that of production of certain B-vitamins (Lengemann & 

Allen 1959). However insufficient information was given to be able 



to assess the reliability of this method. Since tbe production of 

B-vitamins is an important activity in the rumen, further 

investigation into its use as a criterion of functional development 

seems desirable. 

Summary.!.. 

Methods are available which give a good indication of whether 

or not rumen function has been at least partially established. 

Amongst these, the estimation of cellulose digestion, VFA and.pH 

(and possibly B-vitamin production) give a better idea of when rumen 

function is established than do anatomical measures and observations 

on the microbial population. 

Loss of weight of cotton thread appears to be the most reliable 

method of estimating cellulose digestion but is only a semi 

quantitative method. Variation due to site and time of sampling 

must be allowed for or eliminated in the measurement of V]'A and pH 

and ·changes in pH due to sampling need to be guarded against. 



IV The Development of Rumen Function in the Calf. 

The study of the changes which occur in the ruminant stomach 

between birth and maturity has followed two main lines of investigation. 

One has been the investigation of anatomical changes and the other 

has been concerned with functional development. Although anatomical 

development is probably important from the standpoint of absorption 

and utilization of the endproducts of rumen microbial fermentation, 

the efficient utilization of dry feed, particularly roughages, will 

be dependant primarily on the attainment of an active rumen 

fermentation. 

Insofar as the rumen is concerned, it would seem that 

anatomical development is to some extent dependant on funct:i.onal 

development, since Cornell experiments report that salts of VFA 

(Flatt et al 1958), particularly butyrate and propionate (Sander et al 

1959), are responsible for rumen mucosal development, provided that 

they are present in the rumen in sufficient concentration (F1latt et al 

1959). 

Differences in rumen fermentation in the adult rumen have been 

mainly attributed to differences in diet (see reviews by Annison & 

Lewis ·1959; Barnett & Reid 1961; & Lewis 1961)., Consequently it 

might be expected that diet could influence the development of rumen 

function. 

It has been demonstrated that calves fed milk alone show little 

or no development of rumen function (Flatt et al:_ 1959; Godfrey 1961b; 

Lengemann & Allen ·1959) or mucosal tissue ('Warner et al 1956; Wing 

& .Ammerman 1960). This does not seem surprising since it is known tha 

milk and other liquid diets may by-pass the rumen by way of the 

oesophageal groove (e.g. Hegland et al 1957). However some milk may 

pass into the rumen (Smith 1960), whj_ch might account for the VFA 

found by Flatt et al (1959) and Lengemann and Allen (1959). The 

quanti.ties of VFA produced when milk alone is fed are probably 

too small to cause any appreciable development of rumen mucosa. 

Apart from the effect of milk alone, evidence that differences 

in diet produce differences in rumen functional development is mes,gre, 



although some evidence is available which suggests that the type of 

fermentation produced may diff'er. The VFA data of Flatt et al ( ·1959), 

although perhaps inadequate (see below), suggest that higher levels 

of VFA are produced earlier on a grain diet than on a hay or hay/grain 

diet. Al though cellulose digestion was ·less than for the other diets 

this might not be important insofar as a g'rain diet is concerned • 

.Differences in anatomical development due to diet (e.g. Warner et al 

1956; Brownlee 1956) and differences in the type of organism established 

on different diets (Pounden & Hibbs 194bb) seem to indicate that diet 

may affect the type of fermentation produced, as in adult cattle. 

Several investigators have demonstrated that there is an increase 

in the concentration of VFA in rumen contents and an increase in the 

ability to digest cellulose with age. Flatt et al (1959) report data 

on VFA concentration and cellulose digestion of fistulated calves on a 

variety of diets. These indicate that an increase in VFA and cellulose 

digestion occurs with age when dry feed is given and that dietary 

differences may occure However these experiments involved few calves, 

average determinations only were given, cellulose digestion and VJrA 

determinations were measured fortnightly and considerable variation 

within groups between sampling times was obtainede Although they 

concluded that anatomical characteristics were most sensitive to dietary 

changes it is considered that their evaluation of other criteria was 

based on insufficient evitlence for comparison. 

LtcCarthy :=md Kesler ( 1956), who fed ealves on hay ad lib plus 

milk or milk replacer to 6 weeks of age, obtained rumen samples by 

stomach tube once weekly. They demonstrated maximum concentrations 

of VFA at 7-9 weeks of age after which the levels fell gradually. 

However the greater part of the increase in VFA concentration had 

occurred by 3 weeks in two trials and by 5 weeks in the other. The 

concentration of VFA at these stages was equivalent to that obtained 

for all trials from the 12th to 15th week inclusive. These workers 

also found that the percentage cellulose digestion, as measured by an 

in vitro technique, increased rapidly during the first 4-6 weeks 

after which it increased relatively slowly and showed considerable 

fluctuation. 



Conrad et al (1954) found a 50% increase in VFA between 4 and 9 

weeks of age although the concentration at 4 weeks was already 

60 meq/litre. The proportion of hay to grain fed did not 

significantly affect the level of VFA. 

Hibbs et al (1956) obtained similar results for 3 groups of 

calves fed dift·ering ratios of hay and grain and inoculated with 

cud material from adult cattle. They did not report observations 

on rumen contents of a further group of calves fed milk alone. The 

group average pH of rumen juice was shown to increase between 4 and 

12 weeks although the group range at these ages overlapped. It was 

stated that there was a highly significant difference in VFA and pH 

between 4 and 12 weeks and also a highly significant difference in 

pH between the 4:1 hay/grain fed group and the other groups (3:2 and 

2:3 hay/grain) at 4, 6 and 9 weeks but no significant difference at 

12 weelrn. The high hay group had the higher pH Rumen bacteria and 

protozoa ratings gradually increased over the experimental period. 

Notwithstanding the significant differences obtained by these 

workers, the significance of the results in terms of developing 

rumen function must be considered in the light of the following 

comments. 

(i) Rumen samples were obtained by stomach tube at 4, 6, 9 

and 12 weeks of age. Thus differences attributed to age and diet 

could conceivably be due to differe11ces in site of sampling and an 

imperfect sampling procedure. 

(ii) It is apparent that a considerable degree of rumen 

fermentation had been attained in all groups by 4 weeks of age. 

Lengemann and Allen (1959) showed that adult levels of acetic, 

buty:r.icand propionic acids were attained by 6, 4 and 7 weeks of age 

respectively for calves with access to dry feed from birth. Rumen 

samples obtained by stomach tube indicated that calves which had the 

opportunity consumed appreciable amounts of solid feeds as early as 

2 weeks of age. Milk fed calves, when offered solid feed (hay and 

grain) at 8 weeks of age, avidly consumecl it and a marked increase in 

VFA was found by 9 weeks of age. This emphasizes the need to make 

observations on ru.men contents from as earlJr an age as possible. 



It was noted that a liberal milk feeding program, as o,posed to a 

limited milk feeding program, seemed to delay the acquisition 

01· some adult characteristics. 

Slaughter date of Godfrey (1961b) indicated that a similar 

rise in VFA occurred for pasture fed calves. Figures for VFA 

presented by him showed that the concentration plateaued at 6 weeks 

of age. The pH of the rumen juice was 5.15 at one week of age, 

rising to a maximum of 6.95 at 15 weeks. 

In a further experiment, Godfrey (loc. cit.) used 3 groups 

of calves designated A. B. and C. Group A was denied access to 

pasture until 8 weeks of age; groups B. and C. were allowed to 

graze from birth but group B was permitted access to pasture for 

one third of the time spent grazing by group C. Rumen sam:9les 

were obtained twice weekly by stomach tube. In addition samples 

were taken periodically at 3 hourly intervals over 24 hours to 

determ1.ne diurnal variation. The level of VFA for all groups at 

2 weeks was about 25-30 111'.1/litre. For groups Band C the level 

rose to about 65 mM/litre at 4 and 5 weeks, then fell below 

60 niM/litre to 8 weeks rising agai.n to 90-100 mM/li tre from 9 weeks 

onwards. The VFA level for group A rose from about 30 mM/litre at 

8 weelcs to ~5 mM/li tre at 9 weeks. The level rose further to 

100 mM/litre at 10 weeks and then fell to about 6:5 mM/litre at 

12 weeks. Irrespective of age or treatment the diurnal variation. 

was the same, being lowest at b a.m., rising to a peak at 8-11 p.m. 

and falling again to the low level ate a.m. 

Summar:[ • 

It appears that the development of rumen function depends on 

the calf receiving solid feeds, since a liquid diet mg,y by-pass 

the rumen. Provided that the calf has access to solid feed from 

birth, considerable rumen fermentation can occur by 3 or 4 weeks 

o.f age. It seems that rumen function similar in many respects to 

that found in adult animals can be attained by the time the calf 

is 6 to 8 weeks old. Even when denied solid feed until this time, 

the rapidity with which the fermentation end products reach high 



levels following the ingestion of solid feed suggests that 2 month 

old calves can quickly adjust to the change in diet. 

However although there is good general agreement between mo,.:t 

reports on the development of rumen function, most studies have 

emplo;yed stomach tube sampling and with the exception of the 

diurc:ial observations of Godfrey ( 1 ~61 b) samples have been obtained 

no more fre(luently than once or twice a weelr. Consequentl~'f, the 

possible variation due to site of sampling has not generally been 

accounted for, and there appears to be no information on daily 

changes in fermentation. It is apparent that there is a riaucity 

of j_nformation on the development 01· rumen function in pasture-fed 

calves. 



v~ Grazin and Rumination bi Calves on Pasture. 

It is desirable to know when and to what extent calves eat 

pasture as this will. influence rumen functional development" 

Observations of rumination are of interest since rwr1ination is 

characteristic of adu.l t rumen function. 

Roy et al (1955) reported that calves on pasture attempted 

to graze from about the seventh day onv1rards and at 3 weeks of age 

spent 1.3 hours grazing in the period from 6 a.m. to 6 p.m. 

The correspondi.ng rumination time waB 1 ~23 hours. Observations over 

24 hours sbowed that at 7 weeks of age graz:Lng and rumination times 

were 5. 59 hot1rs and 6. 83 hours respectively. The average ti.mes 

over 7-21 'Meeks were 7. 85 hours grazing and 7. 61 hours ruminating., 

These workers discovered that very little grazing took place 

during the hours of darlcness and definite peaks of grazing inte1wi ty 

were observed during the day at 6 a.m., 10 a.m .. , 1 p.m$ and 4-8 p.m. 

Rumination took place mainly during the hours between sunset and 

sunrise with small intermittent peaks in the daytime during intervals 

between grazing., 

Godfrey (1961b) reported an increase in grazing time from 

2 hr 50 min. at 3 weeks of age to 7 hr 20 min. at 6-7 weeks of age. 

In general the calves grazed only during the daylight hours with a 

marked resting period shortly before midday. 

Summar~. 

The information available indicates that calves commence to 

graze pasture at an early age. They apparently do most of their 

grazing by day and ruminate mostly at night. 
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MATERIALS AND METHOJJS. 

For clarity, the experimental work will be reported as two 

separate experiments. The first was in the nature of a trial run 

in order to gain familiarity with the methods to be used, to see 

what difficulties might be involved and to decide or1 what measures 

were necessary and practicable. 

Experiment I. 

Two Friesian bull calves were purchased from a local farmer at 

the end of March 1961. 

had access to pasture. 

They had received colostrum for 2 days and 

Throughout the trial which. lasted 7 weeks, 

they were fed whole milk obtained from the College herd (monthly 

average fat test: April, 5.14}0; May, 5.07%; June, 4.341~, July, 4.471f,)$ 

One gallon of this milk was given daily in two feeds (at 0830 hours arui 

1730 hours) from a nipple pail. Calves were allowed access to pasture 

between the a.m. and p.m. feeds but were enclosed on hay bedding at 

night. From on~ month of age, both animals.received one gallon of 

milk in the evening only and had continuous access to pasture. 

:F'ollowing fistula tion ( see below) samples of rumen contents were 

obtained every second day prior to the evening :feed for volatile 

fatty acid (VFA) analysis .. On three occasions, samples were obtained 

at 3 hourly int,3rvals over a 24 hour period to obtain data. on diurnal 

variation. 

Experiment II. 

Two Friesian bull calves collected at the end of :May 1961 and a 

Friesian and an Ayreshire bull calf obtained 3 weeks later were treated 

similarly to those in 1~xperiment I but with the fol1owing differences 

and modifications. 

( i) They· were allovved continuous access to pasture. 

(ii) At 2 weeks of age they were gradually changed to a diet of 
reconstituted butter mi.Lk. By 3 weeks of age they were 
receiving one gallon of fluid per day containing 1.751b of 
buttermilk powder. At 4 weeks of age they were changed 
to once a day feeding as in Experiment I. 
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FIGURE 1. 

(a) The Vulcathene cannula. 

( b) The mi.Lking mac.l:nne in1·.Lation adapted 
as a repJ.acement cannula. 



F'IGURE 2. 

Ii' .1 tj-LJ HE 3 o 

Tlle Vulca"tnene cannula dismant.Led 
"to show componen~ parts. 

The replacement canrmla dismantled to 
show component partso 



(iii) Samples of ru.men :t'luid were obtained by stomach 
tube prior to fistulation. 

(iv) Following fistula.tion, samples of rumen contents 
were collected once daily and on two occasions 
3 hourly for diurnal variation., 

(v) The pH of the rumen fluid was measured as well as 
VFA concentration. 

(vi) An estimate of cellulose digestion was obtained 
once weekly. 

(vii) Behaviour of the calves was recorded at 5 minu.te 
intervals over a 24 hour period once weekly. 

Fistula ti on .. 

A closed rumen fistula was prepared in each calf by a method 

similar to the stab wound technique reported by Dougherty (1955). 

The cannula originally inserted was a converted plumber's waste 

drain fitting made of 11 Vulcatbene 11
• Portion of the threaded tube 

was cut off and the outer screwed flange was cut to leave the flange 

proper and a threaded ring. This ring was sealed over vri.th 

polythene sheet to provide a screw cap. The completed cannula is 

illustrated in figure 1a and in its dismantled form in figure 2. 

When this cannula became dislodged (see results section) it 

could not be reinserted due to the non :flexible nature of the 

Vulcathene. Consequently a cut down milking machine inflation with 

an outer flange of rubber sheeting and a ruboer stopper was substi.tuted 

(see figure 1b and figure 3)$ 

The modification to Dougherty's (1955) technique was as follows. 

Instead of a stab wound being made beside the original incision, a 

circle of skin equal in diameter to that of the cannula tube was 

removed. This incision was continued above and below the circle 

of skin removed in order to accommodate the internal flange of the 

cannula. These continuations of the incision were later stitched 

to hold the cannula in place. The outer flange of the cannula, when 

screwed into place held the skin against the outside of the rumen wall 

to promote adhesion of the two surfaces., 

The Sampling of Rumen Contents. 

Samples of rumen contents were obtained by oral suction through 

a rubber tube inserted into the rumen via the fistula. A trap was 



fitted to collect the sample and to prevent rumen contents being 

sucked into the mouth. The end of the tube was pushed about 5 

inches into the ingesta, slightly forward of and below the fistula 

in an attempt to sample from the same posi tj.on each time .. In the 

early stages there was insufficient ingesta to do this and the tube 

had to be inserted further. However since the ingesta at this 

stage was quite fluid and well mixed, variation due to position of 

sampling was probably not very great. 

Prior to fistulation the tube was passed by way of the calf's 

mouth down the oesophagus into the reticule-rumen. The first part 

of each sample collected in this was discarded because of 

contamination with saliva$ 

Following collection the sample was squeezed through a double 

layer o:f muslin. The-resultant liquor was transferred to a 25 ml. 

bottle which after being filled to the brim was closed with a tight 

fitting screw cap. 

Analwtical 1rocedures. 

As soon as possible after collection the sample was transferred 

to the laboratory where pH was determined in duplicate with a meter. 

ThEi time interval from collection to determination of pH was never 

more than 5 minutes o After measurJ.ng the pH the sample was stored 

in a refrigerator at 5°c. Preliminary tests showed that this 

method of storage gave identical volatile fatty acid figures over an 

8 day period. Since in all cases anc.'llyed.s for VFA was performed 

within ii days of collection of the sample no further :precautions 

were taken. 

The determination of total steam volatile fatty acids was 

carried out in the following manner. 

A 5 ml aliquot of the rumen li.quor sample was placed in a Markham 

( 1948) still and 1 ml of 1 ON H2 304 saturated with lLgS04 added. 

Stearn distillation was carried out antil two 50 ml portions of 

distillate had collected, the second portion being used as a blank 

correction for organic acj.ds which a.re slightly steam volatile o 

Prior to titration with standardized NaOH solution, carbon dioxide 



free air was passed through the distillate with a filter stick for 

two minutes. This aeration was continued during titration and was 

intended to reduce interference by carbon dioxide. In the initial 

stages a 0.02N NaOH solution was used for titrations because of the 

low co11centration of VFA, but as this concentration increased over 

about 25 mM/litre, a 0.05N solution of NaOH was used. These 

solutions were standardized against potass.ium hydrogen phthallate. 

Phenolphthalein was used as the indicator of the titration end point. 

Preliminary tests of this procedure gave good repeatability of 

results and a 98o7% (average) recovery of a known mixture of salts of 

VFA alone or added to a sa.mple of rum.en liquor. 

For each calf in Experiment II the regression of pH on 

VFA concentration was calcuJ.ated (Snedeco; 1956). 

Estimation of Cellulose Di estion. 

Cellulose digestion wa:3 esti.mated by measuring loss of weight 

of cotton threads suspended in the rum.en for 24 hours as dE:scribed 

by Flatt et al (1959). Three loops of thread were used for 

each determination and a control set of three loops used to obtain 

a correction for loss of weight due to processing. 
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R E S U L T S. 

EXPERIMENT I. 

The two Friesian calves used in this preliminary trial were 

4 days old when collected and appeared to be in good health, no 

evidence of scouring or other abnormality being detected. They 

were fistulated at 7 and 11 days of age respectively and sampling 

commenced two days later. Fistulation appeared to have no lasting 

adverse effect on either calf and healing was rapid. Some leakage 

of rumen contents around the cannula occurred and in the first calf 

this resulted in some softening and peeling of the skin below the 

site of operation soon after fistulation. This soon cleared up 

despite continued leakage of rumen contents. 

After about six weeks in each calf the skin which was holding 

the cannula in place became stretched sufficiently for the cannula 

to become dislodged. Since the Vulcathene was not flexible, the 

cannula could not be replaced and a cut down milking machine 

inflation was substituted. Although some loss of rumen contents 

occurred when the cannula fell out, this did not happen on a 

sampling day and is not recorded in the appendices .. 

The results of the analyses of the samples of rumen contents 

for volatile fatty acid (VFA) concentration are presented in 

graphical form in figures 4 and 5 (opposite). The figures used 

in the construction of these graphs are found in appendix I and II. 

These results clearly demonstrate that there is a marked difference 

in the VFA concentration in rumen liquor between two and four weeks 

of age. 

For calf No.1 the VFA concentration was less than ·10 ml\11/litre of 

rumen liquor between 9 and 17 days of ageo By the time the calf 

was 27 days old the level of VB'A had risen to a value of 78. 5 m.M/li tre 

and thereafter fluctuated between 72 ~ 4 and 91 o 6 ml1l/li tre. .A 

similar pattern was obtained for calf No.2 although less measurements 

were obtained in the lower range. For this animal, VFA concentrations 

in tbe rumen liquor of 11.5 and 12e1 m.I\ll/litre at 13 and 15 days 

respectively were found, and a rapid rise occurred to 80.9 m111/litre 
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T A B L E I. 

AGE OF COLLECTION AHD FISTULATION OE' CALV1~S IN 
EXPERIMBNT II. 

No. Breed .Age collected Age fistula tea 
(days) (days) 

Friesian 4. 7 

Friesian 3 6 

Ayre shire 4 6 

Friesia.n 3 5 

T A B L E II. 

BOI)Y \7EIGH'.I' GAIN;::1 OF CALVES I.N EXP BH IIVlBN'l1 II. 

Noe Age Body weig.t1t 
(days) (lbs) 

3 5 93 
12 96 
20 107 

27 113 

34 121 

41 136 

4 4 <:J 1 

11 93 

19 97 
26 103 

J3 113 

40 122 

5 5 bb 

12 b9 

19 ~1 

26 93 

b 3 66 

10 69 

17 79 

25 90 



at 21 days of age. Thereafter the level fluctuated between 

70.3 and 89.2 niM/litre. 

Before this rise in VFA concer:i.tration had occurred, the rumen 

contents of both calves were very watery, with little evid(:;nce that 

grass had been eaten apart from one or two pieces of grass in the 

samples. At this stage the eolour of the rumen fluid was a bit 

more brown than straw coloured. During the period when the rise in 

v·1?A concentration occurred, increasing quantities o:f grass were 

observed in the rumen, the colour of the rumen contents became 

greener and its consistency became less and less fb1id. By the time 

high levels of VFA were found, the colour and consistency of the 

rumen contents resembled those of mature animals fed on pasture. 

A considerable diurnal variation was found in VFA concentration 

of rumen lig_uor. The general pattern was for VPA concentration to 

increase during the day, reaching a peak value at about 1700 or 2000 

hours and then falling to a mini.mum level at about 0500 or 0800 hours. 

This pattern was similar in all except one case, although the actual 

levels of VFA obtained varied with age of the calf. The exception 

to the above pattern was for calf 1 at 23 days old when a minimum 

VFA value occurred at 2030 hours, rising gradually thereafter, The 

results of the diurnal variation observations are presented in 

apDendix !a and IIa. 

EXPERI.M:E:NT II. 

The calves used in this experiment were collected and fistulated 

at the ages ~3hown in table I. Their body weights, 'nhich were 

measured once weekly before the morning feed, are shown in table II, 

where it is seen that fair growth was made. Calves appeared to be 

in general good health although some scouring was encountered, 

:particularly in the weel-c: when the diet was changed from whole milk 

to buttermilk. 

More difficulty was experienced with the cannulas than in 

experiment I. The Vulcathene cannula became dislodged in calf 4 at 

twelve days but was surgically replaced and extra reinforcing stitches 
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inserted. Despite this, the cannula came out at 16 days and was 

rerilaced with a cut down milk inflation. The cannula in calf 3 

stayed in place until 32 days but those in calves 5 and 6 came out 

at 16 and 17 days respectively. The replacement cannulas also 

came out on several oeca3ions resulting in somEi +oss of rumen 

contents. Where this occurred it is noted in the tables of results 

(sec appendices III - VI.) 

J2H.:..and V:tA conce,E-_t_~ation of rumen contents. 

The results of pH determinations and VFA analyses of rumen 

contents for calves in experiment II are presented in figures 

6, 7, 8 and 9 and in appendices III, IV, V and VI. The patterns 

of VFA concentration were similar to those obtained in the 

preliminary trial, but the initial levels of VFA are slightly higher 

and they commence to increase at an earlier age. 

Marked day to day differences occurred. Some of these 

fluctuations may have been due to loss of rumen contents when the 

cannulas came out but even when these occasions (as indicated in the 

appendices) are ignored, co11siderable day to day fluctuations 

are still evident. The levels of VFA concentration attained by 

about 3 weeks of age were within the range of VFA concentration 

found from then on. 

Changes in colour and consistency of the rumen contents bore 

the same relationship to the VFA concentrations as was found in 

experi.ment I .. 

The pH of the rumen contents was seen to bear an inverse 

relationship to the VFA concentration. Early rumen samples had a 

pH near n~utrality and fell generally to between pH 6.0 and 6.5 

as the VFA concentration rose to the higher levels. Day to day 

fluctuations closely :followed the day to day fluctuations in VE'A 

concentration. In calf 4, the pH was somewhat higher for a start 

than in the other calves and fell to a lower level, fluctuating 

generally below pH 6.0. 

In order to further investigate the relationship between pH 

and VFA concentration, the regression of pH on VFA concentration 



was calculated for each calf for "ascendingH and "level" phases 

of VFA concentration. 

shown in table III. 

The age spans included in each phase are 

TABLE III. 

AGE SPANS INCLUDED IN REGRE:SSION ANALYSES. 

Calf No. ''Ascending" phase "Level" phase 
Days of age Number of Days of age Number of 
(inclusive) observations ( inclusi·'v-e) o·bservations 

3 11 20 10 20 47 27* 

4 13 - 24 1P· 24 - 46 23 

5 9 ·- 21 12* 21 - 29 9 

6 7 - 19 ·12-)(- 19 - 27 9 

* One observation deleted from analysis because of excessive 
loss of rumen contents when the Vulcathene cannula came out. 

These age f;pa.ns were selected on the assumption tbat the 

u1evel 11 phase represented the ruminant stage and the 11 ascending 11 

phase represented the stage of transition from non ruminant to 

ruminant. If there was any physiological difference in the 

relationship between pH and YJ?A concentration between these two 

stages it might have been expected that different regression 

coefficients would be obtai~ed for the two stages. Tbe regression 

coefficients obtained, together with their standard errors and 

results of tests for significance of these coefficients and the 

differences between them are presented in table IV. The analyses of 

regression are found in appendices VII to XI anfr the regression 

equations with grap:hical representation are shown in figures 6a, 

7a, cSa and 9a. 



TABLE IV. --
REGRF~SSION COEli1iICI:SNTS, STAl~DARD BR!WH3 AND 

HiESULTS CW Tl!.:STS OP SIGNI:B'ICARCE. 

b + S.Efgr) 
Calf No. 11 Ascending 11 phase 11 Level 11 phase 

3 

4 

5 

6 

-0 ~ 00t>.3d8-l(·* 

_±0. 001 ,:34. 

-0. 01704*'* 

+ 0.00424 

-0.,0144-6** 

+0.00168 

-0. 01075*·* 

+0.00121 

Difference 
from common 
regression 

T~IeS. 

-0.009975** 

+ 0.002102 

-0.01369** 

-0.01147'11-* 

+0.0027:i 

N.S. 
-0.006158 

+0 .. 005718 

N. S., 

·** Highly significant (P""~ ..• 001) 

N.S. Not statistically significa~t. 

DifferEmce from 
common rE:gression 

l\T. S. 

N. S. 

N. S., 

With the exception of the "level" phase regression coe.t'ficient 

for calf 6 which was not statistically significant, all regression 

coefficients were highly significant ( P.,<.,. 001 ) • Differences between 

11 ascending 11 and "level" phase regression coefficients for individual 

calves, and differences between all 11 ascending 0 and all "level 11 phase 

regression coefficients were not statistically significant. 
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The estimation of cellulose digestion. 

Less information than had been hoped was obtained from the 

estimation of the cellulose digesting ability of rumen contents 

by measuring the loss of wei ght of loops of cotton thread suspended 

in-the rumen for 24 hour periods. On several occasions, with 

the cotton threads suspended in the rumen, the cannula came out, 

taking with it the_ cotton threads. The results which were obtained 

are presented in figure 10 and appendix XII, blank spaces in the 

appendix indicating that the cotton loops had come out of the rumen. 

These results indicated that the rumen contents were capable 

of digesting cellulose by the time calves were about a week old and 

that there was some increase in the ability to digest cellulose 

to 2-3 weeks of age. After this there did not appear to be any 

further increase in cellulose digesting ability. 

variation 

All calves had ingested some pasture by five days of age 

although at this stage there appeared to be little conscious 

effort to graze. It was observed that calves nosed around in 

the grass, inevitably getting some blades of it into their mouths. 

Such observations might be more aptly described as nibbling or 

"chewing at grass" rather than grazing but nevertheless some 

pasture was ingested as was evidenced by the rumen contents. 

The first observations of what was considered to be true 

grazing were at 19, 18, 18 and 16 days respectively for calves 

3, 4, 5 and 6. There was a rapid increase in the time spent 

11 grazing 11 from approx~mately 30 minutes at 9-12 days to at least 

4 hours at about 3 weeks of age. In the two calves which were 

observed at older stages (Nos. 3 & 4) a further increase in grazing 

time to 5-6i hours was noted. 

All calves had commenced to ruminate by 9-12 days, spending 

between 1 hour 5 minutes and 2 hours 35 minutes in this activity 

although one calf (no.4) spent 5i hours ruminating at 11 days. 

A general increase in time spent ruminating was observed and by 
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FIGURE 13 CALF 3 
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3 weeks of age all except calf 4 spent over 5 hours ruminating. 

Although calf 4 spent 5½ hours ruminating at 11 days it only 

ru.minat d for 1 hour 15 minutes and 4 hours 5 minutes at 18 and 25 

days. However from 32 days on, this calf ruminated for at least 

7 hours as did calf 3. Calves 5 and 6 were not observed at these 

ages. Total times s pent grazing and ruminating are presented in 

figures 11 and 12 and in appendix XIII. 

Fo tnightly grazing and ruminating patterns are graphed in 

figures 13 - 16 together with a representative curve of diurnal 

variation in pH and VFA concentration of rumen liquor for each 

calf. The diurnal variation figures are set out in appendices 

IIIa, IVa, Va and VIa. 

It was noted that although the calves had continuous access 

to pasture they grazed almost exclusively by daylight and ruminated 

mostly at nigh~. Occasionally a calf would consume some of its 

hay bedding during the night and on one occasion calves 3 and 4 

grazed for a period at about 0200 hours ( not shown in the graphs 

presented). 

The patterns of diurnal variation in pH and VFA concentration 

were in all cases similar to those found in experiment I. 
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D I S C U S S I O N 

MATERIALS AND METHODS 

Fistulation 

Although the operations appeared to be successful and to 

cause little discomfort to the calves, there was one possible 

drawback in the technique as performed in these animals. The 

type of cannula used was not ideal, as an imperfect fit was 

obtained in the fistula and it became displaced on several 

occasions resulting in some loss of rumen contents. Because 

of the imperfect fit of the cannula, some leakage of rumen con­

tents occurred continually and concomitantly it was most likely 

that there was some entry of air into the rumen. Because of 

this, the development of rumen function may not have followed 

a normal pattern. However, the production of volatile fatty 

acids (VFA) was not prevented and no serious impairment to rumen 

function was indicated •. 

The SamE_ling of Rumen Contents 

It was assumed that some layering of rumen contents might 

occur, resulting in different VFA and pH values for different 

parts of the rumen (see Bryant 1961). Although this was not 

investigated, care was taken to sample from the same posi.tion 

each time. As it was found that considerable diurnal varia­

tion occurred, daily samples were taken at the same time each 

day, this sampling time being at or near the time when peak 

VB'A values occurred as disclosed by the diurnal variation re­

sults. This time (1700 hrs.) suited the daily routine and it 

was felt that at this time each day the rumen fermentation was 

ex:hibiting its peak capabilj_ty in terms of VFA production. 

IH determination 

The pH determined from the rumen samples may not have been 

the true pH of the rumen contents .ig situ. Although pH was 

determined within 5 minutes of collection of the sample, and 
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duplicate determinations agreed closely, any cbanges in pH 

due to exposure to air (Turner & Hodgetts 1) could have 

occurred before such measurements were made, especially as 

the method of obtain.ins liquor from the rumen contents gave 

ample opportunity for aeration of the sample. Thus, although 

a large change was observed in the pH of rumen liqu6r between 

one and four weeks, this change may not have been a true rep­

resentation of the pH as it occurred in situ. 

Even if it was known that the pH obtained for each sample 

was the true pH of the rumen contents at that time, the question 

remains as to whether or not the pH trend was the same as would 

have occurred bad the animals remained intact. Air enter:i.ng 

the rumen may have upset the n.orwal s:i. tua tion resulting in a 

different pH (see discussion of results). 

Volatile :B'atty_Aoid Measurement 

Tbe method used for the estiwation of concentration of 

volatile fatty acids (VJ!'A) in rumen liquor appears to be quite 

reliable at least :for the higher concentrations of VE'A (Bryant 

196'1 ). When titrating against low ooncentratiorns of' V"FA a 

very dilute (.02N) solution of NaOH was used and considerable 

care was necessary to reduce interference by carbon dioxide. 

Aeration of the sample distillate with carbon dio~ide free 

air for two minutes before and during titration was found to 

result in a lower titration figure than without such aeration, 

anJ close agreement between duplicates wa.s obtained. Whether 

or not the lower J.evels of VFA were accurately detern,ined, 

the magnitude of the changes obtained was such that it was 

reasonably certain that marked changes in VFA concentration 

did occur as the animals aged. 

Estimation of Cel~~~ose Digestion 

rrhe estimation of cellulose digestion by weasuring the 

loss of weight of loops of cotton thread was employed to 

gain additional evidence for microbial fermentation. The 
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high levels of VF.A. observed were probably in themselves suffi­

cient evidence that plant cellulose was being broken down, but 

the loss of weight of cotton threads was confirmatory evidence 

that cellulose was being digested, though the extent of such 

digestion may not have been accurately determined by this means. 

The method proved to be quite practicable. However, in 

this study, the ill fitting cannulas were a problem, as they 

came out on several occasions when the cotton threads were sus­

pended in the rumen. 

RESULTS 

The results of this study show that a marked increase in 

VF.A concentratj_on of rumen contents may occu:r in pasture fed 

calves by the time they are 3 - 4 weeks old. In the calves 

under obse1:·vation this increase took place in the space of 

approxitila tely one week. 

1rht-=: ma.in requj_rernents :for the production of VIT'A (a.nd other 

fermentation end products) are a fermentable substrate, inocu­

lation with micro--organisms capable o:f fermenting that substrate 

and a suitable environment. In this case it was obvious that 

pasture provided the substrate since there was no evidence that 

milk entered the rumen in significant quantity. Inoculation 

and the establishment of a suitable enYironment appear to have 

been relatively inst-:i.ntaneous, Els the increase in VTi'A concent-

ration coincidel closely with the increase in grazing time. 

rrhe changer, in l)H of the rumen contents, as r11easured :fro1,1 

the sam~les taken, bore an inverse relationship to the VFA con~ 

cent:ration, and by the time the calves were about 3 weeks of age, 

the pH had reached a relatively constant level. The fact that 

the regression coefficients were highly siBnificant statistic­

ally (with the exception of the regression coefficient for 

l .o -r--i· 6\ ·-j·•u•t c• l-lrit t'1e:r'e W)<' •. , c]os··, ca., .. Lr<.- ... / ]_JJ; l:... .. a, eL..J ... 11.:.i )L ""'. '\1c~1,.,,) c:,_ ·~ I..:., asso-

ciation between pH and VFA conaentration. ?or each sample, pH 

seems likely to be de_pendent to :some extent on the Vli'A concen-
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tration. However, tbe calculation of regression of pH on VFA 

concentration is not intended to imply a dependent relationship 

in this d:Lreetion, but was mainly for pur1ioses of comparison. 

It is realized that in terms of tbe dynamics of rumen function, 

pH is likely to be a determining factor in the VFA levels 

attained, and that many other factors may be involved. 

Since there was no significant differenee between the re­

gressions for all calves, and no significant differences between 

"level" and 11ascending 11 phase regi~essions for each calf, this 

would seem to indicate that there was no great dissimilarity 

between the fermentation setup in each phase. 

The diurnal pattern of VFA concentration and pH appears to 

have been closely related to the pattern of grazing. The calves 

grazed almost exclusively during the hours of daylight, and during 

this period VI•'A ooncentra t ion increased. The VFA concentration 

did not fall very much until well after the last intake of pasture, 

probably due to the fact that there was still a considerable amount 

of unfermented substrate in the rumen. As time went on, less 

unfermented pasture would be available, resulting in a decline in 

VE'.A. levels until more pasture was ingested. 

Since cellulose digestion was shown to occur, and a rela­

tivBly highVFA concentration was attained by 3 - 4 weeks, then 

despite the uncertainty of the pH measurements, it was indicated 

that a fermentation similar to that found in mature animals was 

in progress by the time the calves were one month oi age. It 

is suggested that this adult type fermentation commenced as 

early as 2 weeks of age, differing mainly in its quantitative 

aspects and that at this age the main reason for this quanti­

tative difference is the lack of sufficient pasture or other dry 

feed in the rumen. 

The results of this study are in general agreement with 

those of Godfrey (1961) for pasture fed calves and with those 

of other workers (e.g. Lengemann and Allen 1959) for calves 

fed other diets. Wardrop and Coombe ( 1 961 ) also o btai.ned 
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simj_lar r·esults for pasture fed lambs. The n~in difference 

is that in this study a somewhat earlier increase in fermen-

tative activity is indicatted. It is suggested that this could 

be due to an earlier increase in pasture intake. 

Wardrop and Coombe (1961) d:Lvided the development of rumen 

function in lambs into three stages, viz : 

(i) 0 3 weeks; non ruminant stage. 

(ii) 3 8 weeks; transition stage. 

(iii) 8 weeks onwards; 11adult 11 ruminant stage. 

These stages appear to correspond with the pre ascending, 

ascending and level phases respectivel;}' of VFA concentration 

in the present study. 

Several reasons for the presence of a transition stage 

were suggested, amongst which the dependence on quantity of 

substrate was not fully accounted for. In fact Wardrop and 

Coombe argued that if th,2 development of the mioroflora was 

practically instantaneous and was dependent on the presence of 

the "right II substrate (Pre son rt a]: 1957) then there would be 

no transition phase. 

However, it seems that this transition stage is a quanti­

tative rather than a qualitative question. Some rumen fermHn­

tation appears to occur provided there is some fermentable sub­

strate to work on, and pasture would seew to be one 11 right 11 

substrate. Other dry :Eeeus such as bay and grains also appear 

to provide a "right" substrate as VFA production occurs on these 

rations. The actual level of V:FA (and presut11ably other :fermen­

tation end products) appears to be dependent on the amount of 

substrate. Possibly, then, calves have the potential of rumen 

fermentation from birth and the only barrier to this is the in­

gestion of suitable ruraen-entering feed. Whether or not they 

would be able to make use of fermentatj_on end products at such 

an early age is another question. 
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CONCENTRATION OF VFA l.N RUJ:v'.L~N LIQUOR., 

Age VFA couc. (mIVl/li ,;re o:r rumel:l .Liquor) 
(days) 1 2 Average 

7 Calf fistulated 

9 8.5 8.,7 8 .. 6 

11 4.,2 3.8 4.0 

13 8 .. 4 8 .. 7 8.,6 

15 7.0 7. 1 7 II 1 

17 9.2 9.2 9.2 

19 18.0 17.9 18.0 

21 31 .. 6 31.7 31 .. 6 

23 18. 1 17 .9 18 .. 0 

25 68. 1 68.,0 68.1 

27 78.5 78.,5 78.5 

29 79.1 79.,0 79., 1 

31 87.,2 87,.3 87.,3 

33 84.2 84.,5 84,.3 

35 72.8 71.9 72.4 

37 91., 1 92.2 91.6 

39 86.6 86 .. 5 86.5 

41 86.7 86.,8 86.8 

43 80.2 80.,4 80.3 

45 84 .. 7 84.6 84.,7 

47 87.,2 86.0 86 .. 6 

49 86 .. 4 86.6 86.5 



APPENDIX Ia. 

EXPERIME.NT I. CAL]1 N0.1. 

DIURNAL VAHIATION OF VFA CONCENTRATION. 

Age Time of V]'A cone. (mlir/li tre or rumen liquor) 
(days) sampling 1 2 Average 

(hr) 

21 0815 18.,5 HL,3 18 .. 4 

1115 19.9 "1 20.,0 

1415 23.3 23.,0 23 .. 1 

1715 31.6 31 "7 3L6 
2015 33.,0 33.2 33.1 
2315 27.0 26.9 26.9 

22 0215 20.2 20,.3 20.3 
0515 17.5 17.,4 17.4 
Oo15 H:l.8 18.4 18.6 

23 0030 18.9 18.,7 18.8 

1 'l 30 19.3 19.2 19.2 

1430 19.,9 20. 1 20.0 

1730 17 .,9 18., 1 18.0 

2030 24 .. 1 26 .. 1 " 1 

2330 .3 24.,9 25. 1 

24 0230 .5 27.6 27.6 

0530 27.3 21.0 27. 1 

0830 27 .. () 27.,9 27.8 

1400 ~1.3 79.9 80.6 

1700 86.4 80.3 87.3 
2000 .,4 86.,5 .,5 

2300 79.3 80.,2 79.8 

50 0200 67 .2 .,5 67 .8 

0500 49.,2 50.8 50.0 

0800 49.5 50.2 49.,9 

1100 .,5 64.2 64 .. 8 

1400 72.7 .5 72,,6 



APFBNDIX II. 

EXPERIME.N T 1 • CA.Lli' NO., 2 .. 

CONCENTRATION OF VFA IN RUMEN LIQUOR. 

Age 
(days) 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

VFA cone. 
1 

Calf 

11 • 6 

12.2 

37 .. 4 

55.4 

1:30 .. 2 

77.9 

85 .. 2 

71,,7 

73,.0 

80.8 

76.3 

80 .. 7 

oL,5 

80.,0 

69.,7 

1e .. 2 

83.4 

(ml~/litre of rumen liquor) 
2 Average 

fistulated 

11.5 11.5 

12.0 1 ~. 1 

37 .. 9 37 .. 6 

!56 .. 2 55 .. o 

81.,7 80.9 

77 .. 8 77.,9 

84.,0 84.6 

73 .. 0 72.4 

72.0 72.5 

81.1 81 .. 0 

78.3 Tl .3 

e9.,7 89.2 

80 .. 0 80 .. 7 

79,.0 79.5 

71.0 70.,3 

7t,.,5 78..,3 

84.0 83.7 



APPENDIX IIa. 

EXI>ERIMENT I. CALF N0.2. 

DIURNAL VARIATION OF VFA CONCENTRATION. 

Age Time of V]'A cone. (m.M/litre of rumen liquor) 
(days) sampling 1 2 Average 

(hr) 

17 0815 19.,9 20 .. 2 20 .. 1 

1115 23.0 22.0 22.,9 

1415 26 .. 7 27,,3 27,,0 

1715 37 .. 4 37.,9 37.7 
2015 46 .. 4 45.,5 45.,9 

2315 40.,9 41.3 41 0 1 

18 0215 37,,2 37,,7 37 .,5 
0515 28,.4 29 .. 0 28.,7 

0815 19.,9 19 .. 8 19 .,?:) 
"""''""'"',w=,,;,,,.,,.,_,""" 

19 0830 31.5 31.7 31 .,6 

1130 34 .. 0 33.6 33.7 
1430 40 .. 6 41.3 40.9 

1730 55.,4 56.2 55.,0 

2030 65.3 64.,4 64 .. 9 
2330 63 .. 8 63 .. 0 bJ.,4 

20 0230 57.,4 58.,0 57,,7 

0530 46.7 46 .. 2 46.,J 

0830 37,,2 Jo.o 37 .. 0 
-----•«-".1 ... ~. ✓ q"'··'"''""'•'"' 

4.5 1400 75.,4 76.8 76,, 1 

1700 03 .. 4 84 .. 0 e3 .. 7 

2000 b2.J 83., 1 82.,7 
2300 74.5 75 .. 0 74.8 

46 0200 76,,0 74.,0 75 .. 0 

0500 59.2 60.5 59,,8 

0800 57.0 58.,4 57.,7 
1100 70,.5 72.,2 7L,4 

1400 79.4 79.2 79,,3 



APPENDIX III. 

EXPERilvlElilT II. CALF N0.,3., 

DAILY pH AND VFA CONCENTRATION OF RUMEN LIQUOR., 

Age VFA concentration (mlv1/litre 
(days) of rumen liquor) pH 

1 2 Av. 1 2 Av. 

4 9 .. 0 9.0 9.0 7.,08 7.08 7.08 

5 13 .. 8 13.9 13 .. 9 6.98 6.,98 6~98 

6 13 .. 2 13.3 13.2 6.96 6.96 6.,96 

7 ---------------Calf fistulated-------------------------

8 -------------------------------------------------------
9 19.6 19.,8 19., 7 6.92 6.,94 6.,93 

10 5.9 5.8 5.,9 6.88 6.90 6. 

1 1 13.4 1.3.4 13.4 6.,80 6 .. 80 6 .. 80 

12 12.6 12.2 12.4 6.80 6.82 6.81 

13 31.4 32.6 32.0 6.74 6.,74 6.74 

14 27.7 27.,4 27.,5 6.36 6.,34 6.35 

15 42.5 43.3 42.9 6.34 6.34 6.,34 

16 47.6 47.,4 47.,5 6.42 6.46 6.44 

17 b9.,9 70.0 10.0 6.18 6.,20 6. 19 

18 59.0 59,0 59.,0 6.22 6,26 6.24 

19 73.7 7 3.9 73.8 6.32 6.38 6.35 

20 86.1 85 .,8 85.9 6. 12 6.18 6.15 

21 82.5 82 .. 1 82.3 6.24 6.,26 6.,25 

22 60.0 60 .. 2 60 .. 1 6 .. 58 6.60 6.59 

23 78.,0 78 .. 1 78 .. 0 6.48 6.52 6 .. 50 

24 89 .. 0 89.2 89 .. 1 6.22 6.,28 6025 

25 100.9 100.6 100 .. 7 6.28 6.30 6.29 

26 92.4 92.0 92.2 6.32 6.30 6.31 

27 90.0 90.4 90 .. 2 6.30 6.30 6.30 

28 72.4 72.5 72.5 6.36 6.38 6037 

29 80.2 80 .. 7 80.,4 6.30 6.32 6.31 

30 104.0 104.4 104.,2 6.10 6., 12 6.11 



APPENDIX III. (cont 1 d) 

Age VFA concentration (mM/litre 
(days) of rumen liquor) pH 

1 2 Av. 1 2 Av. 

31 91.6 91 .. 6 91.6 6.26 6.28 6.27 

32 (b) 25.6 25.6 25 .. 6 6. 76 6.82 6.79 

33 78.9 7e.,9 78.,9 6.58 6 .. 62 6.,60 

34 ( C) 74.,3 74.2 74.,3 6 .. 66 6.68 6.,67 

35 82 .. 0 82.,2 82 .1 6.56 6.56 6 .. 56 

36 96.,7 96. 7 96,,7 6.28 6.30 6. 29 

37 93.8 94.,2 94.0 6.30 6.34 6.,32 

38 92.1 92.,0 92.,0 6.32 6.32 6.32 

39 93 .. 6 93.,8 93.,7 6.28 6.32 6.30 

40 85 .. 2 85.,3 85.2 6.34 6.36 6.,35 

41 86.8 86.9 86.,9 6026 6.,26 6.26 

42 (c) 80.1 79.9 80.0 6.34 6.40 6.37 

43 81.0 81 ., 1 81 • 1 6.38 6.42 6.40 

44 84 .. 8 84.9 84 .. 9 6 .. 28 6.20 6 .. 28 

45 80.,9 80 .. 9 80 .. 9 6.,32 6.36 6.34 

46 81 .,9 82.1 82.,0 6.32 6,>34 6.33 

47 89.,3 89.,2 89.2 6.26 6.28 6.27 

(b) Vulcathene cannula forced out; replaced by milk inflation. 
Considerable loss of rumen contents. 

(c) Milk inflation forced out; slight loss of rumen contents .. 



APPENDIX IIIa. 

EXPERil\lENT II. CAL]' NO.J. 

Age 
(days) 

20 

21 

34 

35 

DIURNAL VARIATIOE OF pH AND VFA CONCENTRATION 
IN RUMEN LIQUOR. 

Time of 
Sampling 
(hr) 

1100 

1400 

1700 

2000 

2300 

0200 

0500 

0800 

1100 

1100 

14-00 

1700 

2000 

2300 

0200 

0500 

ObOO 

1100 

VFA concentration 
(mM/litre of rum.en 

lig_uor) 

1 2 Av. 

63. 1 63,,2 63.2 

74.6 75.0 74,,8 

85.8 86.1 85.9 

79.0 79,.0 79.0 

79.0 78,,9 79.0 

70.6 70,,9 70.8 

67.8 67.6 67e7 

45. 'I 45,0 4.5, 1 

5e,.5 51:$.J 5t.4 
~·•'"•' ,,.,,.,, •• , ,., '"''"""'"""""'-•-~M<M .. .,.H,,,,.,._,,.,,., ____ ~,., .. ~MAM<>><~-•• "'"""~'""""''- MA'><•»~<~ 

60.,6 60.9 60.8 

70,.9 70,.e 70.9 

74.2 74.,3 7 4 .• 3 

7L,O 71..0 71.0 

68,.7 68.6 6e.7 

58.o 57.8 57.,9 

50.7 50.9 50g8 

4b.2 48.1 48 .. ·1 

64.0 64;,4 64.2 

pH 

1 2 

6.40 6.40 

6.24 6.28 

6.12 6.18 

6.22 6.22 

6.26 6.22 

6.34 6.38 

6.50 6.50 

6.70 6. 7 4 

6.42 6.42 

6.,72 6.74 

6.66 6.66 

b.66 6,.68 

6.,66 6.70 

6.74 6. 70 

6. 78 6.78 

6<186 6.,8b 

6e90 6.92 

6672 6$ 72 

Av. 

6.40 

6.26 

6.15 

6.22 

6.24 

6.36 

6.50 

6,,72 

6.42 

6.73 

6.66 

6.67 

6.68 

6.72 

6.?d 

6.87 

6.91 

6,,72 



APPENDIX IV. 

EXPERIM.ENT II. CALF N0.4. 

DAILY pH AND VFA CONCENTRATION O:B· RUMEN LIQUOR. 

Age V:FA concentratiou (mM/litre 
pH (days) of rumen liquor) 

1 2 Av. 1 2 Av .. 

3 14., 1 14. 1 14. 1 7 .. 18 7 .18 7., 18 
4 12 .. 1 12.2 12.2 7,,26 7.26 7.26 
5 13 .3 13 .. 2 13.2 7.20 7.20 7.20 
6 -----------------Calf fistulated-----------------------

7 -------------------------------------
8 23.3 23.6 23.5 7.,24 7.24 7.24 
9 13 .. 6 1 3 .. 4 13.5 7.22 7.,24 7.23 

10 16. 1 15,. 8 16.0 7. 16 7. 16 7 .. 16 
11 15. 1 15.2 15.2 6.98 7.00 6.99 
12 (a) ------------------------------------- ---------------
13 15.7 15.0 15 .,3 7.00 7.02 7 .01 
14 20.3 20.8 20.5 7,.20 7 .14 7. 17 
15 33.7 34.0 33.8 6.48 6.50 6.49 
16 (b) 900 8.9 9.0 5.80 5.82 5.,89 
17 24.0 23.8 23.9 5o90 5,,92 5.91 
18 36,.7 36.8 36o7 6.00 6.02 6.01 
19 51 .9 51.6 51.tl 5.,80 5.,84 5.82 
20 (c) 44.,4 44.,4 44.,4 6.,02 6.08 6.05 
21 50.,4 50.0 ,o. 1 6 .. 10 6.08 6.09 
22 69.0 69. 1 69 .o 5,.96 5.,98 5,,97 
23 79.,0 78,,9 78.,9 5.58 5.62 5o60 
24 97.,3 97,.7 97,.5 5.40 5.40 5. 4.0 
25 se.4 813.6 ee,,5 5.,66 5 .. 68 5.67 
26 90.,0 89.,9 89.,9 5.6c$ 5.,70 5.69 
27 92 .. 0 92.7 92.,4 5.60 5.62 '? • 61 
28 83~0 83 .. 0 83.0 5.92 5.90 5 .. 91 
29 84.4 84.6 84.,5 6.04 6 .. ·10 6.07 
30 (c) 75.0 75.1 75.0 5.98 6.06 6.02 



Age 
(days) 

31 

32 (c) 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 (c) 

43 

44 

45 

46 

APPE~DIX IV.(cont 1 d) 

VFA concentration (.m:M/litre 
of rumen liq_uor) 

1 2 Av. 

95.,3 95.1 95.2 

88 .. 1 88 .. 3 88.2 

99 .1 98.8 99.0 

94., 1 93.,8 93.9 

95.,0 95 .. 0 95.0 

101 .. 1 101.5 101 .. 3 

85 .o 84.9 84.9 

82 .. 9 83 .. 1 83.0 

88.,6 88.6 88 .. 6 

88.8 88 .. 4 88 .. 6 

97.9 97.8 97.9 

7 4.1 73.,8 74.0 

80.4 80 .. 3 80.,3 

78.0 78.2 78.1 

86.5 86.2 86.3 

86 .. 0 86.0 86.0 

1 

5 .. 86 

5.92 

5.,76 

5.80 

5.74 

5.66 

5.,86 

5.90 

5.80 

5,,76 

5.,74 

5.98 

5.90 

5.88 

5.80 

5.,86 

pH 
2 

5.88 

5.98 

5.78 

5.80 

5.,76 

5.,70 

5 .. 88 

5.,90 

5.,84 

5 .. 80 

5.,76 

6.,02 

5.,90 

5.,92 

5.80 

5.88 

Av .. 

5 .. 87 

5.95 

5.,77 

5.80 

5,.75 

5.68 

5 .. 87 

5 .. 90 

5 .. 82 

5 .. 78 

5.75 

6.00 

5.90 

5.,90 

5.80 

5.,87 

(a) Vulcathene cannula partially out; Reinforcing stitches 
inserted. No sample taken. 

(b) Vulcathene cannula forced out; replaced by milk inflation. 
Considerable loss of rumen contents. 

(c) Milk inflation forced out; slight loss of rumen contents. 



APPENDIX IVa. 

E:XPEIU:MENT II. CALF N0.4. 

Age 
(days) 

19 

20 

33 

34 

DIURNAL V.ARIA~HON 0.F' pH AND V.FA CONCENTRkl1I01f 
IN RUMEN LIQUOR. 

Time of 
Sampling 

(hr) 

1100 

1400 

1700 

2000 

2300 

0200 

0~300 

0800 

1100 

VFA concentration 
( niM/li tre of rwnen 

liquor) 
1 2 Av. 

J5.1 35.0 35~0 

42. 4- 42.b 42.5 

51.9 51.6 5 ·1. o 

57. 4- 57.2 57.,3 

4-8. 5 48.1 48.3 

4-2. b 4-2.9 4-2. b 

4-1 • 5 4-1 • 9 41.7 

19.2 19.2 19e2 

26.7 26.9 ')6 8 c_ • 

•-n~-•---·"'•·~•,,.,.,, ___ _._,,.. ... ,.,~,.~"''•'•"~"~'•'" "''""'" """' .~ .. ~·'"""'"~-~,.,.y ... .,..,.,.,_ ... ,~ ··•"''""~"'"·-~~"•-~,< 

1100 73,0 7') 6 '-· ~ 7') 8 {_ . 
1400 86.5 b6. 4- 86.4 

1700 9c1.8 99.1 99.0 

2000 9t5., 0 9bt 1 98$0 

2300 87 .6 8b.,0 87. e 
0200 d0.3 80,2 80 .. 2 

0500 67.9 67,,7 67.8 

0800 6b. 1 Gb.O 66 .. 1 

1100 Tl .4 77. ;;~ 77c3 

1 

6.60 

6.08 

5.80 

6.42 

6. 74 

b.96 

7.22 

7.04 

6.eo 

6.0b 

5.8b 

5 e76 

:'>. tsO 

5.86 

6,00 

6.30 

6 .. 32 

5.,98 

pH 
2 

6.60 

6., 12 

5.,84 

6 .. 42 

6.,74 

7,.00 

7 .. 18 

7 .04. 

6 .. 82 

6. 10 

5.90 

5.,78 

5.oo 
5.84 

6.04 

6.,34 

6.,34 

6.00 

Av. 

6 .. 60 

6.10 

5,.82 

6.42 

6.,74 

6 .. 98 

7.20 

7.,04 

6. e1 

6.09 

5.89 

5.77 

5,,80 

5.85 

6.,02 

6.32 

6.33 

5.,99 



APPENDIX V. 

EXPERIMEN'r II. CALF N0.5. 

Age 
(days) 

4 

5 

6 

7 

8 

9 

10 

1 -'I 
• l 

·12 

13 

14. 

·15 

16 (b) 

17 

18 

19 

20 (c) 

21 

22 

23 (c) 

24 

25 

26 

27 

28 (c) 

29 

~AILY 1H .AND V~A CONCENTRATION IN RUMEN LIQUOR. 

VFA concentration (mM/litre 
of rumen liquor) 

1 2 Av. 

18. 5 18.6 

19. 1 19 .. 2 

6.90 

6.84 

:pH 
2 Av. 

6.90 6.90 

6.,88 6.06 

--------------Calf fistulated--------------------------

23.0 

19" 1 

26. 4 

22.2 

.33.,2 

32.8 

42.5 

38., b 

40.,2 

4-6"0 

':57 .o 

72 .. ~ 

67.0 

64.9 

72.1 

79.9 

74.,6 

75,,9 

64.5 

69.9 

23.0 

19 .. 2 

26.6 

2B.9 

33.5 

32.7 

42.7 

39" 1 

40.2 

46.2 

57 .1 

54.6 

7 3. 1 

67.1 

64 .. 8 

72.,5 

79.,/j 

64. 1::1 

75.9 

64.,4 

70., 1 

23.0 

19.2 

26.5 

28 .,8 

22.2 

33.4 

32.8 

42.6 

39.0 

40.2 

46.1 

57 .. 0 

54.,.5 

73.0 

67 .1 

64.9 

72.3 

79.,9 

7 4., 7 

75e9 

64.5 

70.0 

7.00 

6.92 

6 .. 76 

6.7b 

6" /jt) 

6 .. 66 

6.,5/j 

6.44 

6.46 

6.3<3 

6$38 

6.34 

6 .. 36 

6 .1 e 

6 .18 

6.28 

6.22 

6.06 

6.0b 

6.08 

6.22 

6. 14 

7.,00 7.00 

6.92 6.92 

6.78 6.77 

6.80 6.79 

6.6b 6.67 

6.58 6.58 

6.46 6.45 

6. 48 6. 47 

6.38 6.38 

6.36 6.37 

6.32 6.33 

6.40 6.3e 

6.18 6.18 

6.20 6.19 

6.26 6.27 

6.22 6.22 

6.08 6.07 

6.12 6.10 

6. ·10 6. 09 

6.24 6.23 

6.14 6.14 

(b) Vulcathene cannula forced out; replaced by milk inflation. 
Considerable loss of rumen contents. 

(c) Milk inflation forced out; slight loss of rumen contents. 



APPENDIX Va. 

EXPERIMENT II. CALF N0.5. 

Age 
(days) 

12 

13 

26 

27 

DIURNAL VARIATION OF pH AND VFA CONCENTRNrION 
IN RUMEN LIQUOR. 

Time of' 
Sampling 
(hr) 

1100 

1400 

1700 

2000 

2300 

0200 

0500 

0800 

1100 

1100 

1400 

1700 

2000 

2300 

0200 

0500 

0800 

1100 

VFA concentration 
(mM/litre of rumen 

liq_uor) 
1 2 Av. 

12. 1 12.2 1 ;2 • 1 

16.2 16 .. 2 16.2 

22.2 22 .1 22.2 

24.2 23.8 24 .• 0 

20 .. 0 19.8 19.-9 

17 "4 17. 2 17 .,3 

14. 2 14. 3 14.2 

B .. 5 8.4 e.,4 

19-9 1 9 " 6 19. e 

56.,2 55.8 56.0 

65.6 65.8 65 .. 7 

7 4.6 74.8 74.,,7 

70.0 70 .. 1 70.1 

66.9 66.5 66.7 

58.2 58,2 58.2 

55.4 5:>., 2 55.3 

5001 50.2 50., 1 

62.,5 62., 1:5 62 .. 7 

1 

7.02 

7a00 

6.88 

6.72 

6.94 

6.90 

7.00 

7 .. 16 

6.94 

6.50 

6.34 

6.oe 

6.20 

6.42 

6.38 

6.58 

6.72 

6.38 

pH 
2 

7u04 

7.02 

6.92 

6.72 

6.92 

6.94 

7.04 

7 .18 

6.90 

6 i- ') . ),:;_ 

6.30 

6 .12 

6.22 

6.42 

6.36 

6.60 

6.,68 

6 .. 40 

Av. 

7.,03 

7 .. 0·1 

6.90 

6.72 

6.93 

6.92 

7.02 

7., 17 

6.,92 

6.51 

6.32 

6 .10 

6.21 

6.42 

6. 37 

6.59 

6.70 

6.,39 



APJ:"'ENDIX VI. 

EXPERIMENT II., CALF N0.6. 

DAILY pH AND VFA CONCENTRATION OF RUMEN LIQUOR~ 

Age VFA concentration (nilli/litre 
(days) of rumen liquor) pH 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

1 2 Av. 1 2 Av. 

16.4 16 .. 3 16 .. 3 7.00 7.,02 7. 01 

11.3 1 1 • 1 11.2 7 .. 16 7 .16 7 .. 16 

------------------ Calf fistu.la te d----------------------

8 .. 8 8.8 8.,8 7 .10 7 .10 7 .10 

10.5 10 .. 4 1 o .. 5 7.,00 7,,00 1.00 

18 .. 8 19 .. 0 18.9 6 .. 96 6.98 6.97 

27. 1 21.0 27.0 6.90 7,.02 1.00 

24 .. 8 24.9 24.,9 6 .. 94 6 .. 90 6.92 

23 .. 0 23.3 23 .1 6.90 6.90 6 .. 90 

26.3 26 .. 5 26.4 6.84 6.82 6.83 

38.8 38.,8 38.,8 6 .. 70 6.74 6.72 

36.4 36 .. 4 36.4 6,,76 6.78 6.,77 

46.7 46.9 46 .. 8 6.,56 6.52 6.54 

65 .. 1 65.0 65 .o 6.52 6.52 6.52 

(b) 51.2 51 .. 0 51.. 1 6.46 6.48 6.47 

62 .. 0 62.4 62.2 6.32 6.34 6.33 

77.0 77 .1 77.,0 6 .. 42 6.42 6.42 

88 .. 1 88.2 88 .. 2 6.30 6.36 6.37 

97119 97.,5 97.,7 6 .. 16 6 .. H3 6.17 

(c) 87.2 87" 2 87.2 6.16 6.16 6.16 

89.,0 89.,0 89.0 6 .10 6.14 6.12 

78.4 78,.6 78 .. 5 6., 16 6 .12 6., 14 

86 .. 8 86 .. 9 86.9 6.22 6.24 6.23 

91., 1 90,.9 91.0 6. 18 6 .18 6. 18 

(c) 81..2 81.2 81 .. 2 6.22 6 .. 24 6.23 

(b) Vulcathene cannula forced out; replaced by milk inflation., 
Considerable loss of rumen contents. 

(c) Milk inflation forced out; slight loss of rumen contents. 



APPENDIX VIa. 

EXPERil\rnNT II. C.ALF N0.6. 

Age 
(days) 

·10 

·11 

24, 

25 

DIURNAL VARIATION OF pH AND VFA CONCENTRATION 
IN RUMEN LIQUOR. 

Time of 
Sampling 

(hr) 

1100 

14-00 

1700 

2000 

2300 

0200 

0500 

0800 

1100 

1100 

1400 

1700 

2000 

2300 

0200 

0500 

0800 

1100 

VFA concentration 
(m:.M/litre of rumen 

liquor) 
1 2 Av. 

20.6 20 .. 5 20.6 

22.0 22.2 22.1 

24 .. 8 24.9 24.9 

24.0 24.4 24.2 

21.3 2·1.3 21.3 

20 .. 7 20.1 20.4 

17 .8 17.9 17.,9 

14.2 13. 8 14. 0 

19. 1 19110 19. 1 

66.0 65 .. 8 65.9 

72.8 72.,8 72.,8 

?ts. 4 7'0.6 7~.5 

7ts.8 79.2 79 .. 0 

76 .. 7 76.9 76.8 

71 • 1 71 .o 71.1 

69.0 69 .. 2 69 .1 

59.4 59.2 59.3 

69.2 69.5 69.4 

1 

6.96 

6.,92 

6.94 

6.t5b 

6 .. 90 

6.96 

7.04 

7.20 

7.,00 

6.,34 

6.,26 

6.16 

6 .12 

6 .. 42 

6.48 

6.50 

6.70 

6.40 

pH 
2 

6.9t5 

6 .. 94 

6 .. 90 

6.86 

6.90 

7.00 

7.,06 

1.22 

6.98 

6.,36 

6.26 

6 .12 

6 .. 08 

6.42 

6.50 

6.52 

6 .. b8 

6.40 

Av. 

6.97 

6.93 

6.92 

6. 87 

6.90 

6 .. 98 

7.05 

7 .,21 

6.,99 

6.,.35 

6.26 

6. 14 

6 .10 

6.42 

6.49 

6.51 

6.,69 

6.40 



APPENDIX VIL • 

EXPERIMENT II. CALF N0.3. 

ANALYSES OF REGRESSION OF pH ON VFA CONCENTRATION 
FOR "ASCENDING" AND 11 LEVEL 11 PHASES OF VFA CONCENTRATION. 

y = pH X • VE1A concentration 

Regression (a) - ascending phase. 

'Y'=y+b(X-x) 

0.008388 (X - 4604) 

: 6.83 - 0.008J88X 

S.E.b = + 0.00184 t = 4.559 

Regression (b) - level phase 

f' = y + b (X - x) 

-- 6.35 0.009975 (X - 85.5) 

: 7.20 0.009975X 

S.E.b - ± 0.002102 t = 4.745 

Test of si~nificance of deviations from individual and 
common re~resslon Iines. 

Errors of estimate 

Source df. Sx 
2 2 Sxy Sy df. ss. M. S. 

Reg.(a) 9 5849.,74 -49. 07 0.57 8 0.1584 

Reg.{b) 26 2191.55 -21.86 0.46 25 0.24-20 

Deviations from individual regressions 33 0.4004 

Common Reg.35 8041.29 -10.93 1.03 34 0.4044 0.0121 

1 0.0040 0.0040 

F. 

0.,331 

N.S. 



APPENDIX VIII. 

EXPERIMENT II. CALF N0.4. 

ANALYSES OF REGRESSION OF pH ON VFA CONCENTRATION FOR 
11 ASCENDING 11 AND 11 LEVEL 11 PHASES OF VFA CONCENTRATION. 

y = pH X = VFA concentration 

Regression (a) - "ascending" phase. 

A 
Y = y + b (X - x) 

: 6.14 - 0.01704 (X - 47.4) 

- 6.95 - 0.01704X 

S.E.b =: 0.00424 t = 4.016 

Regression (b) - 11 level 11 phase. 

'y = y + b (X - x) 

= 5.,82 0.01369 (X - 88.3) 

= 7.03 - 0.01369X 

S.:E. b + = - 0.00307 

Test of si nificance of deviations from individual and 
common regression ~ines. 

Errors of estimate 

Source df. Sxy df. ss. M. S. 

Reg. (a) 10 6610.17 -112.,63 2,,99 9 ·1. 0710 

Reg. (b) 22 1244.64 -- 17.04 0,,48 21 0.2467 

lleviations from individual regressions 30 1.3177 

Comm.on Reg. 32 7e54.81 -129.67 3.47 31 1. 3294 0.0428 

·1 0.0117 0.0117 

0.273 

N.S. 



APPENDIX IX. 

J~XPERIMENT II. CALF N0.5. 

ANALYSES OF REGRESSION OF pH ON VFA CONCENTRATION .B'OR 
11 .ll.SC.ENDING 11 AND "LEVEL 11 PHASES OF V'B1A CONCENTRATION• 

y = pH X = VFA concentration 

Regression (a) - "ascending" phase. 

S.E.b 

'-t = r + b ex - x) 

: 6.55 - 0.01447 (X - 39.6) 

: 7.12 - 0.01447X 

= ± 0.00168 t - tl.603 

Regression (b) - 11 level 11 phase. 

S.E.b 

A 
Y = j + b (X - i) 

= 6.17 - 0.01147 (X - 71.4) 

: 6.99 - 0.01147X 

C ± Q.,00275 · t = 4., 171 

Teot of si nificance of deviations from individual and 
common regressi?n lines. 

Source df. 

Reg. (a) 12 

Reg. ( b) 8 

Deviations from 

Sx 2 Sxy sy2 

2784.13 -40.JO 0.67 

217@06 -c..49 0 .. 04 

individual regressions 

df. 

1 1 

7 

18 

Errors of estimate 
NI.. s. 

0.,0867 

0.0115 

0.0982 

F 

Common Reg.20 3001.19 -42 .. 79 0.71 19 0.0999 0.0053 0.321 

1 0.0017 0 .. 0017 N .. S. 



APPENDIX X. 

EXPERIMENT II. CALF N0.6. 

ANALYSES OF REGRESSION OF pH ON VFA CONCENTRATION E'OR 
11 ASCENDING 11 AND uLEVEL" PHASES OF VFA CONCENTRATION. 

y: pH X = VFA concentration 

Regression (a) - "ascending" phase. 

I'\ 
Y = y + b (X - x) 

0.01075 (X - 38.1) 

= 7.15 - 0.01075X 

S.E.b - + o. 00121 t = 8.870 

Regression (b) - 11 level 11 phase. 

1: y + b (X - x) 

- 6.22 0.006158 (X - 86.3) 

= 6.75 - 0.006158X 

S.E.b + = - 0.,005718 t = 1. 077 

Test of significance of deviations from individual and 
common re ression lines. 

Errors 'orestimate 

Source df. 

Reg. (a) 11 

Reg. (b) 8 

Deviations from 

Common Reg.19 

') 

Sx.::. 

4-686. 44 

337.46 

Sxy 

-50.36 0.61 

- 2.0cl 0.09 

individual regressions 

5023.90 -52.44 0.70 

df. ss. ];1. s. 

10 0.06c58 

7 0.0772 

17 0.1460 

·18 o. 1526 0.00b5 

1 0.0066 0.0066 

F. 

0.776 

N. S. 



.AJ:>PENDIX XI. 

EXPERI:MENT II. 

TESTS OF SIGNIFICANCE OF DEVIATIONS FROM INDIVIDUAL 
AND co:rvmI.ON R.1.mRIDSSION LIN.ES :E'OR II ASCENDING" AND 11 LEVEL" 

PHASES OF Vf1 .A COHCENTRATION. 

Source df. Sx2 Sxy 

Reg.Ja 9 5ts49.74 - 49.07 0.57 

Reg.4a 10 6610.17 -·112 .. 63 2.99 

Reg.:ja 12 27tl4.13 - 40.30 0.67 

Reg.6a 11 4686.44 - 50.36 0.61 

Deviations from j_ndividual regressions 

Common 
Reg. 42 1~930.48 -252.36 4.84 

II. ''Level 11 12hase regressions. 

Source df. Sx 2 Sxy Sy 2 

R 3·· .. eg. D 26 21~1.55 -21.86 0.46 

Reg.4b 22 ·1244.64 -17.04 0.48 

Reg.Sb 217.06 - 2.49 0.04 

Reg.6b 8 337. 4.6 - 2.08 0.09 

Deviations r'rom individual regres::.,ions 

Common 
Heg. 64 3990.71 -· 43.47 1.07 

Errors of estimate 

df. 

8 

9 

1'1 

10 

JB 

41 

3 

Sc:, 
0. 

0.1584 

1. 07 ·10 

0.0867 

0.0688 

1 • 4cl49 

1 . 6446 

0.1597 

Errors of 

df. g<~ u• 

25 0.2420 

21 0.24b7 

7 0.0115 

7 0.0772 

60 o. 577 4 

63 0.5~65 

3 0.0191 

M. S. 

0.0401 

0.0532 

estimate 

M. S. 

0.0095 

0$0064 

]'. 

1.327 

N' Gs. 

:F. 

o. 674 

N. S& 



APPENDIX XII. 

EXPERIMENT II. CALF NOS.3 7 4 75 & ~. 

CELLULOSE DIGESTION IN THE RUMEN AS .8STI1V1ATED BY 
LOSS 01!1 WEIGHT OF COT'.I10N THREAD. 

% Cellulose (cotton thread) digestion Age 
(days) 1 2 3 Av. Corrected Av. 

Cal.f No.3 10 8.14 8 .19 8 .. 24 8.19 8.10 

17 1:>.50 15.42 15.67 15,, 53 15.45 

24 14. 69 14.39 14 .. 21 14. 43 14.32 

31 18. 56 18 .. 72 18.28 18.52 18.45 

3b 16 .. 12 15,.97 16.15 16.08 16.00 

45 15.47 15,.72 15. 67 15.62 15.51 
.,,_•-•-""'"' "•--'-''"'"''~•,h••••-'<~ N,w~,,.,,o '""'-'""''-<'•.• •~•-..•"'"' .. 

Calf No.4 9 5. 12 5. 16 5.02 5. 10 5.01 

16 

23 13.06 13.24 13.39 13.23 1 3. 12 

30 

37 14.5b 14-.51 14.59 14. 56 14.48 

44 16.92 17.21 17.20 17. '11 17.00 
.. ,.....,._,,,__, _ __.,,.,.,,_, _,.,~ , "" ,;-»"--••'"""••-••Ma<•'"-"·•-•• ,,_._ ~,.,h«,.,,,<~-.. <,-<H-~»»N,<"'W<-••• ,.,.,_,.,.,.,, ~,~,-s<---~; ---.-»•- ,o ""'""•< ,< •·~ «< ~• ,,,, ,~ •·•~•••"•"'> 

Calf No.5 9 7.60 7.61 7.,50 7.57 7.50 

16 

23 
"'°"'~" ,,~,,,,<'<S"M,,,"""-'¥, "'""'"'""'''""''"~~"'"~'" 

Calf No~6 7 6.71 7.03 6.54 6. 56 6.49 

14 13.06 13. 18 12.94 13.06 12.9b 

21 14. H:I 14.02 14.16 14. 12 14 .• 01 
--·-···""•"'""'"'..,"' ,,..,,,,,_,..,,.,.,.,,.,,.,,.,.,,,.,,, ,,, ,, .. ,,w~,,,,..,,._,."''"''"''"""""""'"''" ... '"'""''•""""''.-"''" ... ""~"'"~'""'4•••• -.-.. »•""'" "'"""''"-••-"-'...,~•-'•-•'~""-"''•'""''"""'u-»~ ........ ,.,,. ,,, .. ,«,- .,..,.,.,,_,_,_, ••••"~'•-•~••••,.• .,,,._,,.. _,,,.,,,,., .... , ... "."'"'""'.""-"'''"'"'"'"'·"'"'"'""""''"'''"'''••·""·'"""'"•····"•"'""' 



APPENDIX XIII ______ ,!. 

EXPERIMENT II. CALF NOS.3 2 4,5 & 6. 

TOT.AL TiriiE SPENT IN GRAZING AND RUMINATING OVER 
A 24 HOUR PERIOD OF OBSERVATIGN ONCE WEEKLY. 

Calf No.,J 

Calf No.4 

Age of Calf 
(days) 

5 

·12 

19 

26 

33 

40 

47 

4 

11 

H~ 

25 

32 

46 

. """'"'"" .,. ...... , ... , ........................ __ , ........ ···~ ·- -· -· ·- . .,., .. . 

Calf No.5 

Calf No.6 

4 

1 1 

18 

25 

2 

9 

"16 

23 
.................................. _... ............... ............................... .. 

Total time 
grazing 

(hr:min) 

0:25 

0:30 

3:00 

6: 10 

4:55 

6:35 

6: 15 

0:20 

0 :50 

1 :25 

6:05 

6:20 

6:00 

0:20 

0:25 

2:25 

5: 10 

0: 15 

0:30 

2:35 

4:40 

Total time 
ruminating 

(hr:min) 

1 :05 

4:40 

7:00 

6:55 

7: 15 

7:25 

5:30 

1 : ·15 

4:05 

7:05 

7:30 

7:00 

2:35 

4:45 

6:35 

·1 :25 

) ; L~5 

5:20 


