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Influence of milking frequency and feeding level on plasmin activity 
and casein degradation in milk 
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ABSTRACT 

A total of 14 identical twinsets of cows were used and fed on pasture (85%) and silage (15%). One group of 7 twinsets were milked once 
a day, whilst the other were milked twice a day as normal. Within each group, one twin received a daily intake of 15 kgDM while the other 
was restricted to 8 kgDM/day. Treatments began around 30-35 weeks of lactation and continued for 4 weeks. The degree of casein degradation 
induced by plasmin was assessed by the ratio of ycasein to B-casein in the milk after separation by anion exchange chromatography. Prior 
to treatment commencing there were no significant differences between animals in milk yield, plasmin activity or~B_casein ratio in milk. After 
3 weeks of treatment, milk yield had decreased 24% relative to pre-treatment yield for cows milked once daily, 38% on lower feed level and 
44% for cows milked once daily. Plasmin activity in milk was not significantly affected by once a day milking, but was significantly greater 
(p&.05) than pre-treatment level following 3 weeks of feed restriction. This increase was associated with an increased@&casein ratio in the 
milk (correlation coefficient of 0.5 1, p-0.01) indicating that degradation of casein occurs in milk whilst stored within the gland. 
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INTRODUCTION 

Milk contains several proteases, but the predominant 
proteolytic enzyme in bovine milk is plasmin (Fox, 1992). 
Plasmin in milk is derived from blood and is present in both 
the active (plasmin) and inactive (plasminogen) form. Con- 
version of plasminogen to plasmin is modulated by plasminogen 
activators and plasminogen activator inhibitors (Wallen, 1980), 
also present in milk (Heegaard et al., 1994). 

Plasmin degrades caseins, with 6- and ~,l-casein being the 
most susceptible to degradation (Andrews, 1983). An increased 
plasmin activity in milk can reduce the quality of milk protein, 
which can influence the yield and flavour of certain products 
derived from this milk (Fox, 1992). More importantly, however, 
plasmin remains active or is further activated during storage of 
milk or milk products resulting in fiuther deterioration (Rich&- 
son, 1983% Richardson & Elston, 1984). 

Published data suggest that plasmin activity increases 
towards the end of lactation (Donnelly & Barry, 1983; Rich- 
ardson, 1983b; Politis et al., 1989a,b; Benslimane et al., 
1990), perhaps in preparation for tissue remodelling during 
involution (Hedkvist etal., 1989; Politis et&., 1989a). InNew 
Zealand the most common strategy for drying cows off at the 
end of lactation is to switch to once daily milking and to restrict 
the level of feed. The purpose of this study was to determine 
if this practice exacerbated the rise in plasmin activity nor- 
mally seen during late lactation. In addition, milk was ana- 
lysed for content of specific casein degradation products to 
determine the relative level of protease activity during storage 
of milk within the gland. 

METHODS 

The cows used for this trial were part of a larger trial 
having six groups of seven identical twin-sets (Lacy-Hulhert 

et aZ., 1995). The cows were in the 30-35th week of lactation 
and were selected so that the groups were balanced for initial 
milk yield and somatic cell count. Two of these groups were 
used in the present trial. During the pre-treatment week all 
animals were initially fed and milked identically. In five cows 
a major or minor pathogen was detected in the milk during the 
week of pre-treatment, but no further infections developed 
during the following weeks. All uninfected cows had somatic 
cells counts between 30-45,000 cells/ml and in the infected 
cows somatic cell counts were less than 500,000 cells/ml. 
During the following 4 week treatment period one group of 
twins were milked once daily while the other group continued 
to be milked twice daily. In each group, one twin received 15 
kgDM/day as a 85% pasture and 15% silage mix while the 
other was restricted to 8 kg/DM/day of this mix. Milk yields 
were recorded daily and milk was sampled on the 4th day of 
each week. Only milk collected in the pre-treatment week and 
week 3 of treatment were analysed for plasmin/plasminogen 
and casein degradation. 

Milk was defatted by centrifugation (15 min at 490 x g) 
and a portion was treated with &-amino-n-caproic acid to 
release plasmin and plasminogen from the casein fraction as 
described by Politis et al ., (1992). Plasmin and plasminogen 
activity in milk extracts were measured using val-leu-lys-p- 
nitroanalide as the chromogenic substrate according to 
Stelwagen et al ., (1994b). Plasmin activity was expressed as 
units of activity where one unit is the amount of enzyme that 
produces a change in absorbance (405 nm) of 0.001 in 1 min 
at 37°C. 

To assess the activity of plasmin on degradation of milk 
proteins defatted milk was diluted l/5 in buffer A (20 mM 
TrisHCl, pH 7.0, 4.5 M urea, 1 pg/ml leupeptin, 10 mM B- 
mercaptoethanol) and stored at -20°C prior to ion-exchange 
chromatography on Mono-Q FPLC column (HR .5/5) from 
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Pharmacia. 200 @ was injected onto the column equilibrated 
in Buffer B (Buffer A without leupeptin) and separated using 
a 0-0.4M NaCl gradient at a flow of 1 ml/mm The absorbance 
at 254 nm of y-casein, eluting at 3 min, was expressed as a 
ratio of the peak corresponding to B-casein (18 min). The 
elution position of vasein was confirmed by mixing purified 
b-casein with plasmin. The absorbance of this peak, and 
hence the @3-casein ratio, increased in direct proportion to 
the amount of plasmin added to g-casein. 

RESULTS 

The influence of once daily milking and/or feed restric- 
tion on milk yield, plasmin and plasminogen activity in milk 
is given in Table 1. During the pre-treatment week milk yield, 
plasmin and plasminogen activity in milk were not signifi- 
cantly different between treatment groups. With once daily 
milking alone, milk yield decreased 24% relative to pre- 
treatment within the same group compared with a decrease of 
38% due to feed restriction only. The combination of once 
daily milking and feed restriction reduced yield by 44%, but 
the effect was not significantly different from that due to 
either once daily milking or feed restriction alone. The effect 
of reduced milking frequency or feed was significantly greater 
(p<O.OS and ~0.01, respectively) than the 11% decline in 
yield in animals milked twice a day and receiving the higher 
level of feed. 

TABLE 1 Influence of reduced milking frequency and feed on yield of 
milk, activities ofplasmin and plasminogen in milk and ratio of absorbances 
(254nm) of vasein to lkasein in milk. Each value represents the mean of 
SEM of 7 animals. 

Milk Yield PlaSmin Plasminogen @3-caseiu ratio 

@g/d) (units/ml)’ (units!ml)’ 

PFGTREATMENTWEEK 

2xL 8.5 k 0.8 l.OkO.3 6Ozk9 0.75 f0.1 

2xH 9.6 + !.l 1.1 f0.3 54+5 0.75 * 0.07 

1xL 8.6 f 0.7 0.7 + 0.3 29f8 0.8 ~0.1 

1xH 9.0 f 0.3 l.OkO.4 42f 14 0.65 + 0.04 

WEEK 3 OF TREATMENT 

2xL 5.3 f 1.3** 3.3 & 1.4* 79*14 l.OO+O.O3* 

2xH 8.5 + 0.9* 1.3kO.2 46i5 0.78 + 0.04 

IXL 4.8 jlO.9** 2.6 + 0.9* 74fl2 1.24 + 0.04** 

1xH 6.8 f 0.5** 0.9 f 0.2 52*9 0.97 * 0.04** 

2x - twice a day milking; lx - once a day milking; L - low level feeding; 
H - high level feeding 

Difference from pm-treatment by t-test, *p-S.O5, **p&01. 

* the amount of enzyme that produces a change in absorbance. (405 nm) 
of 0.001 in 1 min at 37T. 

Plasmin activity was significantly greater in milk from 
cows which had restricted feed intake, but not those milked 
once daily. Although there was a tendency for reduced milk- 
ing frequency or feed intake to increase plasminogen activity 
in milk the effect was not significant. 

The ratio of ~&casein in milk is shown in Table 1. The 
@-casein ratio changed only slightly after 2 months storage 
(0.65 vs 0.62, for fresh vs stored sample). There was no 
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difference between cows in this ratio during the pi-e-treatment 
week. However, 3 weeks at the low level of feeding caused 
a significant increase in the ratio in cows milked either twice 
(~0.05) or once (pcO.01) a day. In contrast, to the lack of 
change in plasmin activity in milk, once daily milking itself 
caused a significant rise in the yll3-casein ratio. They&casein 
ratio was significantly correlated with plasmin activity in 
milk (r==OSl, p=O.Ol). 

DISCUSSION 

In confirmation of previous reports, milk yield was 
reduced up to 24% by changing from twice daily to once 
daily milking during late lactation (Knutson et al., 1993; 
Stelwagen et al., 1994a). The greatest decline in milk yield, 
however, was induced by restricting feed offered to the 
animals to about 5060% of apetite. The activity of plasmin 
in milk was increased significantly by feed restriction, but 
only slightly by once daily milking. The level of plasminogen, 
the inactive form of plasmin, followed a very similar trend to 
plasmin, but changes were not significant. Knutson et al., 
(1993) also observed little effect of once daily milking on 
plasmin activity in milk, although plasminogen rose signifi- 
cantly. In contrast, plasmin activity increased nearly 2-fold in 
milk with reduced milking frequency in the study by Stelwagen 
et al., (1994b). These discrepancies between studies can not 
be explained, but they highlight the variable response of 
plasmin activity to imposition of once daily milking. The 
effect of feed restriction on the plasmin system has not been 
documented before. 

The secondary aim of this study was to determine if the 
plasmin was ztive in milk within the gland. To assess this the 
milk proteins were separated by F’PLC ion exchange chroma- 
tography and the absorbance of win was expressed as a 
mtio of the absorbance of R-casein. It is clear from the present 
study that the changes in plasmin activity in milk correlate with 
changes in +@-casein ratio occurring during storage of the milk 
within the gland. The only exception is the increase in the ratio in 
milk tiom cows milked once daily, whereas no cormspondiig 
change in plasmin activity was observed. However, this may be 
due to the longer interval between milking allowing more time 
for the plasmin to act on Rcasein. 

Previous studies have shown elevated plasmin activity 
in late lactation milk reflected in reduced levels of l3-casein 
and corresponding increases in y-casein (Donnelly & Barry, 
1983; Benslimane et al., 1990). However, in these latter 
studies no account was taken of the continued action of 
plasmin on milk after removal from the udder. Moreover, 
several studies allowed further degradation to occur after 
collection of milk to determine the effect of storage condi- 
tions on the decrease in milk quality due to plasmin (An- 
drews, 1983; Donnelly & Barry, 1983). In the present study 
the milk was diluted in a buffer containing leupeptin, a potent 
inhibitor of plasmin, within 20-30 minof milk collection, thus 
ensuring that the degradation profile was that which arose 
within the gland only. 

The increased activity of plasmin in milk has several 
implications with respect to mammary function. One is the 
possibility of disruption of junctions between epithelial cells. 
Normally these junctions stop egress of milk constituents 
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from the alveolar lumen and influx of blood constituents, but 
when disrupted this egress can occur to a variable degree. 
Previous studies demonstrated changes in milk composition 
during once daily milking (Stelwagen et al., 1994a) or feed 
restriction (Gray &Mackenzie, 1987) which are characteris- 
tic of disruption of these intercellular junctions and it is 
possible that plasmin in milk contributes to this disruption. 
Since plasminogen itself is present in blood any increased 
access of blood constituents to the alveolar lumen would 
further contribute to increased activity of plasmin in milk, 
potentially compromising epithelial integrity even further. 

Greater plasmin activity in milk (measured using in 
vitro techniques) has been associated with involution in cows 
(Hedkvist etal., 1989; Politis etal., 1989a) and sheep (Mac- 
kenzie et al., 1994). The present study demonstrates that the 
plasmin is almost certainly active within the mammary gland, 
supporting its role in mammary involution. Thus situations 
where plasmin activity is increased even during normal lac- 
tation might be expected to result in increased mammary 
regression with resultant loss of milk production capacity. 

The greater activity of plasmin in milk may have further 
down-stream consequences for milk quality. Plasmin, 
plasminogen and its activators are relatively stable to many of 
the treatments applied to milk, including pasteurisation (Rich- 
ardson, 1983a; Richardson 8z Elston, 1984). Thus the in- 
crease in plasmin, and plasminogen, in milk due to feed 
restriction would almost certainly be expected to result in 
increased hydrolysis of caseins during storage or processing. 

In summary, imposition of once daily milking and feed 
restriction exaggerated the decrease in milk yield normally 
seen in late lactation dairy cows. While feed restriction 
resulted in significantly greater activity of plasmin in milk, 
once daily milking did not. This plasmin activity was associ- 
ated with accumulation of products in milk normally derived 
from degradation of B-casein indicating plasmin was active in 
milk within the gland. Given the ability of feed restriction to 
increase plasmin activity in milk in late lactation, it is prudent 
to investigate further the effects of nutrient intake on the 
plasmin system, particularly in earlier stages of lactation. 
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