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THE VOLUNTARY INTAKE OF THE LACTATING 

DAIRY COW AND ITS RELATION TO DIGESTION 
J. B. HUTTON, J. W. HUGHES, R. P. NEWTH 

and K. WATANABE” 

Ruukuvn Agriculturul Resenrch Cenire, .Hamiltor? 

SUMMARY 

Difl’crences in voluntary intake, milk production and in lhe 
apparent digestibility of energy consumed by fistulated and 
non-listulated twin cattle were examined using cows fed 
exclusively on fresh pasture herbage over a full lactational 
period. Both intakes and productions of the fistulated cattle 
were consistently lower than those of their non-fistulated 
twins. 

For the former, estimates wcrc obtained of the quantities 
of ingesta present in the ret.iculo-rumen, and the rate of flow 
of fluid through the reticula-omasal orifice was also deter- 
mined. These were related to dry matter intake and to the 
apparent digestibility of the herbage energy consumed. 

Highly significant regressions of D.M. intake on the 
amount of D.M. present in the reticula-rumen and on total 
iill were obtained. Application of these relations to the 
prediction of gut fill in non-fistulatcd cattle is discussed. 

The possibility that voluntnrv intake in the lactating 
grazing cow might be limited by the physical capacity of 
the reticula-rumen was also examined, but no evidence to 
support this was obtained. 

A-r THE CONCLUSION of a recent review article on regulation 
of voluntary food intake in ruminants, Balch and Campling 
(1962) made the following comments: “There is need for 
much work on the regulation of food intake in ruminants 
during growth, fattening, pregnancy, lactation and the dry 
period. The interpretation of much previous work has been 
hampered by lack of supporting information. Observations 
on the amount of the gut contents, digestibility of the food, 
rate of passage, type of rumen fermentation, concentration 
of blood constituents, energy balance and body composition 
are all required.” 

Absence of information of this type applies particularly 
to pastoral feeding conditions, where level of voluntary 
intake has a special significance in relation to productive 
performance. With the object of trying to remedy certain 
of these deficiencies, and to obtain information which more 
specifically might assist in explaining patterns of voluntary 
intake in the lactating dairy cow, a series of detailed feeding 
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trials were initiated at Ruakura Agricultural Research 
Centre in the 1962-63 dairying season. 

It is proposed in this paper to consider only those aspects 
of the experiments relating to the measurement of rumen 
fill, rate of passage of digesl:a, herbage digestibility and 
intake, and to examine the relations between these. 

For most aspects of this work, it was necessary to use 
rumen fistulated cattle. The procedure adopted was to fistu- 
late one member of a pair of identical twins and to use the 
second member as a control. Both cows were then subjected 
to the samk feeding and management conditions. The use of 
control animals was considered desirable for determining 
whether quantitative changes obtained with normal lacta- 
ting cows could reasonably be interpreted from results with 
fistulated stock. In presenting the results, therefore, intake, 
production and digestibility data have been included for 
both twin members. 

EXPERIMENTAL 

ANIMALS 

Two sets of identical twin Jersey crossbred cattle were 
used. Both were 4 years old and had completed two lacta- 
tions. Mean liveweights for the complete experimental period 
were fo,r the pair 071 and 072, 809 lb and 868 lb, and for the 
second pair 079 and 080, 653 lb and 683 lb, respectively. In 
each case the fistulated animal was the lighter. Cows were 
fistulated in late pregnancy, the cannula and bung used 
being an adaptation of that described by Balch and Johnson 
(1948). 

All cows calved within 7 days of one another in late July, 
1962, and they remained in milk for 46 weeks. 

From approximately two weeks before calving, and con- 
tinuously thereafter, the cows were stall fed and, with 
the exception of a period of two weeks in late summer, they 
received fresh pasture herbage to appetite each day. 
Between August and December this was dominantly per- 
ennial ryegrass, white clover and Poa tvivialis; from Dec- 
ember to April it was paspalum dominant, and between 
April and June returned to a mixture of ryegrass and white 
clover. 

The system of feeding and management of the stalled 
cattle was as described in detail previously (Hutton, 1962). 



Between March 27, 1963, and April 10, 1963, a shortage of 
fresh pasture herbage necessitated the feeding of a hay 
and concentrate mixture. Results obtained during this 
period will not be presented. 

Feed intakes were measured each day and are presented 
as means (lb/cow/day) for successive weekly periods. They 
are also calculated as JO-day means during digestibility 
trials, and as 6-day means for comparison with measure- 
ments of rumen fill. 

Within three weeks of calving, and at monthly intervals 
thereafter, estimates were obtained of the apparent diges- 
tibility of the herbage energy consumed. Ten trials were 
undertaken on pasture herbage during the 46-week experi- 
mental period, which extended from the last week in July, 
1962, until the end of the first week in June, 1963. 

Apparent digestibilities were calculated from the mean 
quantities of feed consumed and faeces voided in each 10. 
day period. 

These were estimated by using polyethylene glycol 
(M.W. 4000) (PEG) as an indigestible marker, after the 
manner described by Hyden ( 1961 ). This involves intro- 
ducing a known quantity of marker dissolved in water into 
the reticula-rumen and measuring its rate of disappearance. 
Rate of flow js determined from the slope of the line relat- 
ing marker concentration to time. On an arithmetical scale 
this is curvilinear, but is converted to a linear form by 
expressing marker concentration as its natural logarithm. 
By extrapolating back along this line to the time at which 
the marker was administered, an estimate is obtained of 
what the concentration would have been if complete dis- 
persion had occurred at the time of administtation. 

Volume is then calculated from the estimate of marker 
concentration at zero time and the total quantity of PEG 
used. The basic assumption made when calculating volume 
and flow rate by this method is that, under conditions in 
which the animals have continuous access to feed and 
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water, both of the former remain relatively constant over 
the experimental period. 

In the present experiment, two preliminary trials, each 
lasting three days, were undertaken with both fistulated 
cows, one in the second week before calving, the other in 
the first week after calving. No information on herbage 
digestibilities is available for either period. Thereafter fluid 
volumes and flow rates were measured over five successive 
days in each IO-day digestibility trial period. 

Each day at 8.30 a.m. approximately 250 grams of PEG 
dissolved in 2 litres of water were introduced into the 
reticula-rumen through the fistula by means of a drenching 
gun. A length of rubber tubing attached to the delivery 
end of this was used to speed marker distribution, being 
directed by arm to various depths and positions in the 
rumen. Samples of rumen liquor were withdrawn at the 
following times after dosing: 1%) 3, 6, 9, 12 and 24 hours. 
*Marker concentrations were determined by the method of 
Hyden (1955). Similar analyses were carried out on repre- 
sentative samples of faeces for measuring the percentage 
recovery, and on samples of the solutions infused, to pro- 
vide an accurate measure of the quantities of PEG used. 

In calculating fluid volumes and flow rates, analyses 
were restricted to the first 12 hours of the marker dis- 
appearance curves. This was necessitated by the system of 
feeding which it was practicable to employ and by the 
quantities of PEG required. 

Amount of Dry Mattel- in the Reticdo-rtmerz 

This was calculated from the estimated average fluid 
volume for each period, and from estimates of the average 
percentage dry matter of the digesta. The latter were 
obtained from samples taken at the times indicated pre- 
viously, and dried in a Unitherm oven at 70°C. 

MILK PKODUCT~ON 

This was measured in lb butterfat for the full lactation 
period. 

RESULTS 

FEED INTAKE AND PRODUCTION 

The mean daily dry matter intakes of all cows are shown 
in Fig. 1. Both within and between twin sets, the trends 
in voluntary intake from calving are similar to those dis- 
cussed previously by Hutton (1963), low levels of feed 
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consumption being recorded in the period of peak produc- 
tion, and highest levels being achieved some 3 to 4 months 
later. In each case, the feed intake of the fistulated cow 
was markedly lower than that of its co-twin, mean values 
for cows 07i and 072 being 24.9 and 
and for cows 079 and 080, 22.4 

40 -----.--- 

35 1 .I r\ 

28.2 lb D.M./day, 
and 23.8 lb/day, 

-071 Fisiuloted 
-- 072 Non-Flstuloted 

- 079 Fistuloted 
--080 Non-Flstuloted 

IOL-- Tm I__-_T7_iI 

I 2 3 4 5 6 7 8 9 IO II 

Trial Number 

Fig. 1: Seasonal clmzges in volttrztnry D.M. intake. 

respectively. These differences are reflected in the produc- 
tion records, the respective total butterfat productions of 
the first-mentioned pair being 316 and 429 lb, and of the 
second pair, 320 and 373 lb. By comparison with these 
differences, in each case favouring the normal animal by 
approximately 100 lb and 50 lb of butterfat, the means of 
the previous two seasons’ productions differed by only 
18 lb and 5 lb. 

HERBAGE DIGESTIBILITY 

Changes in the apparent digestibility of the energy in 
the herbage consumed are shown for both sets of cows 
in Fig. 2. Within and between set differences are small, but 
between trials, the herbage digestibility varied from 77% 



34 HUTTON, ET AL. 

in late winter-early spring, to 65% in late summer. There 
was no significant relation between D.M. intake and per- 
centage digestibility for any of the cows. 

75 

70 1 
i j i 
1 

7c 

- 071 Fistulated 
-- 072 Non-Fistulated 

- 079 Fistulated 
-- 080 Non-Fistulated 

Trial Number 

Fig. 2: Semor7d c1~rrr~ge.s in the apparent digestibility of tile energy’ 
consuir7ed. 

CONTENTS OF 'HE RETICULO-Kl_iMEN 

During the full experimental period and while the COWS 
were being fed solely on pasture herbage, 112 infusions 
of PEG were made. Of these, ‘30% resulted in marker dis- 
appearance curves providing a very good relation between 
the log. of the marker concentration and time. As the 
remainder were distributed through a number of trials 
and were not restricted to one part’icular period, all data 
were analysed using the form of the exponential equation 
proposed by Hydkn (1961). 
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Voltme of Fluid itz the Reticula-rumeu 

The mean estimates of fluid volume and the within trial 
range in these is shown in Fig. 3. There is evidence from 
both cows that a rapid increase occurs in the amount of 
fluid in the reticula-rumen during the first month post- 
calving. Thereafter there is considerable variation bet[veen 
trials, average estimates derived from the ten lo-day trials 
being 10.4 +- 0.6 gallons for cow 071, and 8.2 
* 0.7 gallons for cow 079. These were equivalent on a 
weight basis to 12.9% and 12.6% of the respective live- 
weights of each cow. 
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Fig. 3 : Clzciflges in llze mrount of fluid presmt ir? tlrc ~eticitlo-rmren. 

Analysis of data on the percentage recovery of PEG 
from samples representative of faeces voided during these 
trials gave mean values of 93 t 5% for cow 071 and 95 
-+ 8% for cow 079. ., 
Relation between Volume of Fluid in the Relictdo-rumen 

and Dry Matter Intnke 
Mean values from all trials have been used in calculating 

this relation, which is shown for each cow in Fig. 4. 
Separate relations both showing a positive correlation 

between these variables are obviously appropriate. On the 
one hand, for the larger animal with the wider intake 
range, the regression of fluid volume on intake was 
curvilinear, increasing feed consumption above about 26 !b/ 
day having little effect on the amount of fluid present in 
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the rumen. This relation was described by the following 
quadratic equation : 
90% of the variation in V was associated with this regres- 
sion relation. On the other hand, the regression calculated 
for the smaller cow was linear, volume being found directly 
proportional to intake, as shown in the equation. 

* cow 071 0 
I I 1 x cow 079 0 . 0 O . 

e 
z 0 

2 

8 IO Y 

x 

18 20 22 24 26 28 30 
D.M. Intake -lb. 

Fig. 4: Relation het\vccn the voltl.r~~e of fluid in the retictdo-mfm?il 
and D.M. iutnke. 

V= 1.486 to.376 x1 - o’026 k O.007 
x2-- 10.944 &0.339(3.4%) 

where lV=fliid volume in gallons, 
x, =D.M, intake (lb) r 
_q=x,’ 

v=o.337 + ,,,,, ,,&I0.596(7.6%) 

V and x refer to the same term.s as in the previous equation. 
65% of the variation in V was accounted for by this rela- 
tion. 

Thus, with each 1 lb change in the D.M. consumption of 
this cow, fluid volume increased by approximately one- 
third gallon. 

Weight of Dry Matter itz the Reticula-rumen 
As calculated from the ten trial means, the average 

quantities present over the full lactation period were 16.5 + 
2.3 lb for cow 071 and 13.3 t 1.3 lb for cow 079, repre- 
senting 61% and 55% of the respective daily D.M. intakes re- 
corded over the same period. 

Change in the percentage dry matter of rumen digesta 
was closely associated both with changes in the apparent 
digestibility of the herbage energy and with D.M, intake, 
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86% of the variation in rumen D.M. percentage being 
accounted for by these two variables. 

Relation between the Amounts of D.M. Consumed nnd 
Present in the Reticula-rumen 

No significant difference was found between the slopes 
of the individual cow regressions of rumen D.M. 
on D.M. intake. Differences between the intercepts calcu- 
lated for these separate equations were highly significant, 
however. The lines and equations shown in Fig. 5 were 
therefore calculated from the “within-cow” component o! 
this regression analysis. 

25-- cow 079 
’ R=0,73x-4 47LO.948 

’ R=0,73x-3.27iO 948 
. 

D.M. Intake-lb. 

Fig. 5: Relution between the jveight of D.M. in the reticula-rrmel7 
and D.M. intake. 

The effect of the percentage digestibility of the herbage 
consumed on the amount of D.M. present in the rumen 
was also examined in these analyses. When related to rumen 
D.M. either alone or in combination with D.M. 
intake, percentage digestibiIity accounted for a highly sig- 
nificant fraction of the variance for each cow. For reasons 
similar to those previously outlined in calculating the 
multiple regression of rumen D.M. (R) on D.M. 
intake and percentage digestibility, the analysis was based 
on “within-cow” variation. 90% of the variation in R was 
accounted for in the case of each animal by the relations 
calculated in this way. 
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The equations derived are as follows: 
R,,,,=14.17+0.58 +0,07 .x,-0.1.9+,,,, x,*0.586(3.5%) 

_ _ 
and R,,,,,=12.51+0.58 +o.07 xl -0.19+,,0, .x,&0.586(4.4%) 

where R=Rumen D.M. Tlb) 
_ 

xl = D.M. intake (lb/cow/day) 
xL’= % apparent digestibility 

From this it can be deduced, for both cows, that on herbage 
of constant digestibility a ,change of 1 lb dry matter intake 
will result in a like change of approximately 0.6 lb in the 
amount of D.M. present in the .rumen, and that at constant 
intake a fall of one digestibility unit will result in an 
increase of approximately 0.2 lb iri rumen D.M. 
In this interpretation no reference has been -made to the 
possible influence of changing flow rate on these relations. 
Although most of the between-cow differences were 
accounted for by differing relative flow rates, the contribu- 
tion of the latter to a reduction of within-cow variation was 
not significant. 

RATE OF FLUID FLOW 
Mean relative flow rates of fluid from the reticula-rumen 

through the reticula-omasal orifice are shown for successive 
trials in Fig. 6. Relative flow rate is expressed as a percen- 
tage of volume per hour. The overall mean for the ten 
IO-day trial periods was 21.6 t 1.7% for cow 071, and 

35 
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Fig. 6: Clzmges irz th;e rufe ‘b-f f701v df fluid through the reticula- 

omosal orifice, 



24.7 F 1.2% for cow 079. These are equivalent to a flow 
rate of approximately 2 gal/hr. Particularly in the case 
of the larger animal, the relative flow rate appears to decline 
fairly steadily in late lactation. 

In his trials with non-pregnant sheep of the Swedish 
native breed, Hydkn (1961) obtained flow rates equivalent 
to 6.4% of the fluid volume per hour. These animals were 
fed about the mai’ntenance level, and Hydkn (2~. cif.) com- 
mented that, although available data gave no clear indica- 
tion of a relation between dry matter intake and rate of 
flow, it seemed probable that increased food consumption 
and metabolism in productive animals should influence 
this. Present data confirm the accuracy of this assumption. 

Between fasting and a maintenance feeding level, Hyd&n 
(lot. cit.) also found that little change occurred in the 
volume of fluid present in the reticula-rumen. At relatively 
much higher intake levels, however, it has been found in 
the present trials that quite marked changes occur in 
volume and flow rate with a change in the level of feed 
consumption. 

RELATION OF FLOW RATE TO FLUID VOLUME 

This is shown in Fig. 7. The individual regression lines 
were again calculated from an analysis of “within-cow” 
variation. The slope of these indicates the nature and 
extent of the average change in flow rate with changing 
rumen volume over practically a complete 12-month period. 
Note that a similar relation applies to each cow. As shown 

F=O 277x-0~201+0~140 

Fluid Volume - Gallons 
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by the following equations, in which F=flow rate (gal./ 
hr) and .z=volume (gal), 

F,:, =0.277 +o,037 X- 0.639+-0.140 - 

and Z%=0.277 +~,037 .r-0.201+0.140 - 

this amounts to approximately 0.3 gal/hr for each 1 gal 
increase in fluid volume. 73% OF the variation in F was 
associated with this regression relation. 

The effect of total water intake on flow rate was also 
examined in this way, but was found non-significant. 

DISCUSSION 

While regression relations such as have been considered 
are extremely useful for quantifying known relations and 
examining others which one considers might exist, they 
may be of very limited assistance if one is interested 
primarily in separating cause from effect. Hence, without 
adequate information on the mechanism inducing and 
maintaining the appetite stimulus which occurs after calv- 
ing, the relations between intake, fluid flow and volume 
cannot be satisfactorily interpreted in these terms. 

In some circumstances, however, the actual form of a 
relation may prove of assistance. It will be recalled in the 
present experiment that there was a high positive correla- 
tion between rumen D.M. and D.M. intake. Regres- 
sions calculated for each cow were linear over the full 
range of intakes. Considerable evidence has been accumu- 
lated from overseas studies, however (Balch and Campling, 
1962) that with bulky feeds (of which pasture is one) volun- 
tary intake can be limited by the amount of digesta which 
the rumen accommodates. Had this been a significant 
factor in the present trials, one might have expected a 
curvilinear rather than a linear relation between rumen 
contents and dry matter intakes. An increase in relative 
flow rate with a rise in intake would also have been con- 
sistent with this possibilitv. R.elative flow rates remained 
virtually unchanged at all intake levels, however. In a 
further analysis based on within-trial differences, the effect 
of daily changes in rumen fill on the following day’s intake 
was measured. These results also supported the conclusion 
that, at the levels and with the foodstuffs consumed in 
the current trials, it is unlikely that actual physical bulk 
of material present in the reticula-rumen has been an im- 
portant factor restricting voluntary intake. This conclusion 



could require qualification if continuous changes in actual 
rumen size occurred in association with change in fill. 

Although no attempt was made to distinguish between 
rumen fill and size in these trials, it is hoped that work 
at present being undertaken by Dr N. M. Tulloh and J. W. 
Hughes will indicate the nature and extent of changes in 
rumen size during lactation. 

Possible applications of a useful general relation between 
the total quantity of digesta in the reticula-rumen and dry 
matter intake appear to justify an extension of this work. 
The limitations that variations in gut fill impose on live- 
weights as accurate measures of animal performance is 
well known. Since for cattle on all roughage diets, the 
digesta present in the reticula-rumen accounts for at least 
70% of total gut fill, its accurate prediction could be most 
useful in trials involving non-fistulated animals. 

Which method is likely to prove best for such an investi- 
gation is not immediately apparent. No comparative data 
appear to be available on estimates of rumen fill obtained 
by the alternative procedures of marker dilution and manu- 
ally emptying the rumen. For each method, information is 
required on ease of application, relative accuracy, and on 
the possible inducement of undesirable side effects on ex- 
perimental animals. 

These are some of the problems about which we are at 
present seeking information, 
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DISCUSSION 

PROFESSOR I. L. CMLPBIXL: With reference to the lock of wloiiorzslzip 
bet\rxerz intake mcl digestibility folllzd in tlm-e clntu from lactatirlg 
cruirmls fed pus-twe, in ~o~zt~c~sl to sofm overseers r.us~f1f.s jrom 
dry slLcep md CN~ tie fed 11c1y and dried grass, is it likely tluLt the 
irzf7tLerzce of stngc of lactation or2 infnke is nzasking (L rclrL/iord~ip, 
or ratlle~ tht the 17~LtLlre of pnstLLw us N fO0dstLLff LLccolrr?ls for rhc 
differe7Lcc ii2 ws~tlls? 

DR J. B. HUTTON: The relation was calculated making no adjust- 
ment, for stage of lactation. The important feature is that, in 
practice, under seasonal grazing conditions, percentage digestibility 
is not related to level of voluntary intake, and therefore is of littlc 
value as a predictor of the latter. This is of particular interest, 
since percentage digestibility is included for this purpose in Pro- 
fessor Crampton’s Nutritive Value Index. 

DR A. H. CARTER: 111 viejv of the likely irnporfarzce of utc of pc~.ssc~gc 
011 the c:lzcwc~ctcr.s being studied, wns infoumtior7 obtaiwcl 011 /his 
factor.--- e.g., by seqLrelzticJ fcma! sarnplirzg for PEG cor~erztrw 
lion? If so, wcls lhis estiimtecl wlc of passLLge r&ted lo i~eticrdo- 
I’Lf/lWlZ flow mtes? 

DR HUTTON: Because of the amount of additional work involved, 
in only one trial were sequential faecal analyses undertaken for 
PEG. Hence the relation suggested could not be examined. WC 
attempted, however, to mea&y-e the rate of passage of feed rcsi- 
dues by the alternative stained particle technique used by Balch 
and co-workers at the N.I.R.D., Reading. This method was not 
found sufficiently sensitive for the measurements \ve were trying 
to make. 


