
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Proceedings of the New Zealand Sociery of Animal Production 1993, Vol53 

The effect of an extended milking interval on mammary blood flow and 
tight junctions between mammary cells in goats 
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Dairying Research Corporation, Ruakura Agricultural Centre, Private Bag 3 123, Hamilton, New Zealand. 

ABSTRACT 

The timing of changes in mammary epithelium cell tight junction integrity and mammary blood flow during a 36-h milk accumulation 
was studied in six lactating (2208 i: 2 16 g milk/d) Saanen goats. Tight junctions became disrupted following 21 h of milk accumulation, and 
mammary blood flow started to decline at 21 hr. The time both even& occurred was not significantly different (P > 0.10) from the time milk 
secretion began to decline (19 h). The decline in MBFmay be the result of a negative feed-back response to a reduced demand for metabolites 
due to a reduced rate of milk secretion. The fact that mammary tight junctions became disrupted when milk secretion declined, suggests that 
impairment of mammary tight junction integrity is associated with a decrease in milk secretion during an extended milking interval. 

Keywords: goat, milking interval, plasma lactose, tight junction, blood-milk potential difference. 

INTRODUCTION MATERIALS AND METHODS 

It has been amply demonstrated that an extended milking 
interval (e.g. once-a-day milking) reduces milk yield in cows 
(Carruthers eta& 1991) and goats (Wilde and Knight, 1990). 
The exact reasons for this loss of production are not known, 
but there are a number of factors that may play a role. 
Preliminary data by Knight and Dewhurst (1992) indicate that 
mammary gland cistemal capacity may be limiting in cows 
milked once daily. However, treatment of cows with bovine 
somatotropin during once-a-day milking increased milk yield 
by 13% (Carmthers etaI., 1991), suggesting that glandcapac- 
ity was not limiting. Evidence is also accumulating that an 
autocrine inhibitor, present in the alveolar milk fraction, may 
be, at least partly, responsible for this loss of mlilk yield (Wilde 
and Peaker, 1990, Wilde et al., 1990). 

Animals and management 

Six multiparous lactating Saanen goats were used. At 
leastl4dpriortothebeginningoftheexperimentallgoatshad 
a transit-time ultrasonic blood flow probe surgically im- 
planted around one pudic artery. On the clay of the experiment 
each goat was fitted with a mammary vein catheter, on the 
same side as the flow probe, as well as a jugular vein catheter. 

‘Ihe goats were housed indoors in individual stalls, and 
were fed twice daily a diet consisting of hay (ad libitum 
access) and concentrates (2 kg). The animals were machine- 
milked normally at 0700 and 1500 h and producing 2208 If: 
216 g milk/d. 

Maintaining the integrity of tight junctions’ between 
adjacent mammary epithelial cells may also be important in 
preventing milk yield losses associated with an extended 
milking interval. Tight junctions prevent paracellular leakage 
of blood serum components into the milk and milk compo- 
nents into the blood. They are also instrumental in maintaining 
a small transepithelial blood-milk potential difference. Neville 
and Peaker (198 1) showed that induced disruption of mam- 
mary tight junctions depressed milk yield in goats. Fleet and 
Peaker (1978) studied daily changes in mammary blood flow 
(MBF) and mammary function following cessation of milking 
in goats. It is, however, not known how soon following 
milking changes in tight junction integrity and MBF occur. 

Measurements 

All measurements were made on one mammary gland 
only, i.e. the gland on the same side where the blood flow 
probe was implanted. On the morning of the first day of the 
experiment the animals were milked as usual (Milking A). 
Each animal then received 200 mIU (i.v.) of oxytocin and was 
milked out by hand; this procedure was repeated two more 
times, respectively after 3 and 8 min. Following 36 h of milk 
accumulation all goats were milked as before (Milking B), 
after which twice daily milking resumed at normal milking 
times. 

‘Ihe objective of the present study was therefore to 
investigate the timing of changes in tight junction integrity 
and MBF during intramammary milk accumulation during an 
extended milking interval in goats. 

Mammary gland volume;determined by water displace- 
ment (Linzell, 1966), was measured at 0,4,8,12,16,20,22, 
24,26,28,30,32,34, and 36 h following Milking A, and used 
as an indicator of milk secretion. Blood-milk potential differ- 
ence (PD) was measured in one manimaxy gland (test gland) 
as described by Peaker (1977). Briefly, two 10 to 15 cm long 
pieces of sterile polyethylene tubing, containing sterile satu- 
rated KC1 in 3% (w/v) agar (“KC1-agar bridges”), were in- 

serted inside the mammary vein catheter (blood side) and via 
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the teat sphincter inside the cistern of the corresponding 
mammary gland (milk side). The KCl-agar bridges were 
connected externally to the animal to silver-coated electrodes 
that were submerged in saturated KCI. Potential difference 
was measured every 30 inin between 1 h before and 20 h after 
Milking A, and subsequently every 15 min for the next 16 h. 
Jugular vein blood samples were taken at -1, -0.5,0,4,8,16, 
20 h following Milking A, and hourly between 20 and 36 h. 
Blood was collected in EDTA coated vacutainers, centri- 
fuged for 15 min at 630 x g, and plasma was stored at -20 C 
until analyzed for lactose (Arthur et al., 1989). Mammary 
blood flow was recorded continuously throughout the experi- 
ment, starting one hour prior to Milking A. The change in the 
rate of milk secretion (based on mammary volume) followed 
a curvilinear pattern. For the data on each animal a straight 
line was fitted through the linear ascending part of the curve 
and through the plateauing part of the same curve. The time 
at which the rate of milk secretion began to fall was then 
arbitrarily chosen at the intersection of the two straight lines. 
The individual PD, plasma lactose concentration, and MBF 
profile were of a more complex nature. Hence, fXb-order 
polynomials were fitted to smooth the data of each animal. 
The time points at which these variables began to change, 
were then arbitrarily chosen as the first data point one stand- 
ard error beyond the first trough (PD, plasma lactose) or peak 
NW. 

Functional mammary gland capacity (FMGC) is de- 
fined as the quantity of milk in the mammary gland, when, 
following a period of milk accumulation, the secretion rate is 
zero (Davis and Hughson, 1988). The time at which FMGC 
was reached was calculated for each goat by dividing its 
FMGC by its normal hourly rate of milk secretion. The latter 
was derived from the average 24-h milk secretion during the 
two days preceding the experiment. 

statitical analysis 

Data are expressed as means and standard errors. Differ- 
ences between means were evaluated by paired t-test analy- 
ses and were considered significant at P < 0.05. 

RESULTS 

At Milking B (i.e at 36 h) mammary gland volume had 
plateaued (Fig. l), indicating that milk secretion had ceased. 
Hence, all goats had reached their FMGC (test gland: 1063 5 
102 g). 

Pm-experiment blood-milk PD varied from -31 to -40 
mV, with a mean value of -36.1+ 1.4mV (milk negative with 
respect to blood). The PD decreased 21.6k3.0 % (P~O.001) 
from a maximum of -3 1.6 rt 2.1 mV at 20.8 k 2.4 h. 

Plasma lactose concentration (Fig. 2) remained fairly 
constant until 21.2 f 1.7 h when it started to increase rapidly. 
At 36 hours there was a significant 3-fold increase in plasma 
lactose. 

Mammary blood flow was maintained between 90 and 
100% of pre-experiment values during the first 12 hours of 
milk accumulation, but then increased briefly (probably due 

to feeding and eating related activity) before starting to 
decrease at 20.5 + 2.3 h. At 36 h MBF had decreased by 44.0 

FIGURE 1: Mean mammary gland volume in goats during 36 h of milk 
accumulation. 
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FIGURE 2: Mean plasma lactose concentration in goats during 36 h of 
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TABLE 1: Time when functional mammary gland capacity (FMGC) 
wasreached, andwhenchanges intherateofmilkmcretionl, transepithelial 
potential difference (PD), mammary blood flow (MBF), and plasma 
lactose concentrations occurred during a 36-h period of mild accumulation 
in goats. 

Variable Time (h) 

FMGC reached 

Rate of milk secretion starts to decrease 

PD starts to decrease 

Plasma lactose starts to increase 

MBF starts to decresase 

25.0 zk 1.9” 

18.7 f 1.2b 

20 8 f 2 4”b . . 
21.2 f 1.7arJ 

20.5 f 2.3b 

i Based on changes in mammary gland volume 

a.b Means with different superscripts differ significantly (P c 0.05) 

I!Z 6.6% (I? < 0.01) of MBF immediately before the experi- 
ment. Following the next normal morning milking MBF had 
still not (71.9 f 4.8%, P < 0.01) returned to the pre-experi- 
ment level. 

The rate of milk secretion (indicated by changes in 
mammary gland volume) and MBFbegan to decrease several 

hours before FMGC was reached (Table 1 ), whereas the time 
transepithelial PD and plasma lactose concentrations began 
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to change did not differ significantly from that when FMGC 
was reached. 

DISCUSSION 

This experiment describes the timing of changes in 
mammary tight junction integrity and MBF during an ex- 
tended period of milk accumulation. 

Since milk is the only source of plasma lactose in cows 
and goats (Kuhn and Linzell, 1970), the sharp increase in 
plasma lactose concentrations clearly demonstrated the oc- 
currence of paracellular leakage. These data taken together 
with a significant decrease in transepithelial PD indicate that 
loss of tight junction integrity occurred after approximately 
20 h of milk accumulation. Furthermore, the fact that 
paracellular leakage occurred at the same time that mammary 
gland volume started to decline, suggests that impairment of 
tight junction integrity is associated with a decrease in milk 
secretion. What causes the impairment of mammary tight 
junctions is not clear. Fleet and Peaker (1978) showed that 
following cessation of milking intramammary pressure in- 
creases for three days, and then decreases due to loss of 
epithelial cell integrity. However, the fact that in the present 
study tight junctions became already impaired after 20 h, i.e 
long before intramammary pressure reached its maximum 
(Fleet and Peaker, 1978) suggest that factors other than 
intramammary pressure cause loss of tight junction integrity. 

Loss of tight junction integrity may alter cytoskeletal 
activity in epithelial cells (Schneeberger and Lynch, 1992) 
and, because microtubule components of the cytoskeleton are 
involved in the process of milk secretion (Loizzi, 1987), this 
may constitute a mechanism through which milk yield is 
reduced during periods of extended milk accumulation. 

Detailed time course data on MBF during extended 
periods of milk accumulation are not available. Fleet and 
Peaker (1978) showed that in goats 24 hours after cessation 
of milking MBF had not changed, but that at 48 h MBF had 
stabilized at approximately 50 % of the initial MBF. Continu- 
ous MBF recording in the present experiment showed that 
MBF was already reduced by 50 % after 36 h of milk 
accumulation and that the decline started after 21 h, i.e., at 
approximately the same time that the rate of milk secretion 
started to decline, and before FMGC had been reached. 
However, it is not clear if the decline in MBF is, at least in 
part, responsible for decreased milk secretion. The decline in 
MBF may be the result of a negative feed-back response to a 
reduced demand for metabolites resulting from areduced rate 

of milk secretion, which as discussed previously, may have 
been caused by disruption of tight junctions between the 
mammary cells. 
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