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Abstract – Relationships between Quarter Milk Cell Count (QMCC) and Tank Milk Cell Count
(TMCC) with milk biochemical and technological parameters in milk and dairy products were
investigated. All parameters measured were affected by the increase of TMCC and QMCC between
0 and 600 000 cells/mL. The variable effect of lactation stage which is different for different authors,
is discussed. The three mechanisms, measured during the inflammation of the udder, implicated in
the modification of milk quality are described (a decrease in synthesis, a decrease in the milk barrier
permeability and an increase in proteolytic activities). The direct effect of plasmin in caseinolysis
is well known; the specific role of the increase of somatic cells (especially PMN) in the modification
of milk quality is described. Several specific proteolytic activities of PMN are described and the
impact of these activities on caseinolysis is evaluated. Two hypothetical mechanisms of
caseinolysis by PMN are suggested and a synthetic scheme of the role of plasmin, bacteria and
somatic cells in caseinolysis is discussed.
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1. INTRODUCTION

The variation in the biochemical compo-
sition and technological properties of milk
and dairy products has various origins: the
animal’s diet, genetic factors and cold stor-
age of the milk. Although the effect of an
increase in cell concentration on the health
of the animal is known from a pathological
point of view, the consequences on the
biochemical composition and technologi-
cal properties of milk and dairy products
remain unclear. Little research has described
the relationship between somatic cells and
the biochemical quality of milk [19, 40, 41]
and dairy products [1–3, 7, 15, 34, 43] for
quarter or tank milk. 

First, this review presents the current
knowledge concerning the relationship
between SCC and the biochemical quality
of milk and dairy products; next, the mech-
anisms involved in the modification of the
biochemical quality of milk are described
and lastly, the roles of somatic cell pro-
teases in this modification are discussed.

2. THE RELATIONSHIP BETWEEN 
SCC, MILK COMPOSITION 
AND DAIRY PRODUCTS

2.1. The relationship between SCC and 
milk composition in quarter milk 

The single-quarter milk approach is the
level of analysis in which the mechanisms

involved in modifying the composition of
milk may be described, whereas the tank
milk level corresponds to the economic
approach related to milk collection from
dairy farms. Data obtained from pooling
the milk of all four quarters are more diffi-
cult to interpret; from pooled milk, we can-
not obtain an adequate description of the
mechanisms involved in the increase in
cell concentration influencing the bio-
chemical quality of the milk, nor does it
correspond to an economic approach.

In quarter milk (Tab. I), an increase of
SCC causes modifications of the composi-
tion of milk. These modifications are in
relation to the level of SCC and are linked
to the germ present in the udder, particu-
larly in cases of clinical mastitis [19, 47,
48]. The threshold of SCC for a normal milk
is variable in function of the authors but
more often than not over 105 cells/mL [19,
41, 69]. The decrease of synthesis in mam-
mary epithelial cells (indicated by a decrease
in lactose content) and the proteolysis (indi-
cated by an increase in proteose-peptone
content and plasmin activity) are statisti-
cally significant for low SCC (Tab. I). 

The SCC, which is a marker of the
health of the udder, appears to be a good
indicator of the biochemical composition
of milk obtained from a single quarter. No
threshold seems to exist between 0 and up
to 600 000 cells/mL. 

In bulk milk (Tab. II), the relations
between an increase in tank milk cell
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count (TMCC) and milk composition are
similar to those of quarter milk [40]. Nev-
ertheless, it seems that TMCC below
200 000 cells/mL presents only minor risks
of compositional change; with milk with
400–600 000 cells/mL, this risk is much
greater particularly in interaction with the
lactation stage [1, 40]. 

2.2. The relationship between SCC 
and cheese yield (Tab. III)

Whatever the technology, most authors
showed a negative impact on cheese yield,
casein loss into whey, slower rate of curd
formation with high SCC milk [1, 7, 15,
34, 66]. In a recent review, Barbano [6]
showed that the variations in milk SCC
explain about half of the variation in milk
plasmin and casein damage; other causes

of variation (stage of lactation, health
history and number of lactation) may inter-
act with high SCC to produce a decrease in
cheese yield efficiency. Recently, Cooney
et al. [15] have suggested the direct role of
the proteases (particularly cathepsin D) of
the polymorphonuclear leukocytes on the
ripening of Swiss-type cheese and on the
high level of indigenous proteolysis in
milk with high SCC and high PMN con-
tent. For Kelly et al. [33], it would be of
great interest to link change in PMN con-
centration, and not just SCC, to milk qual-
ity or processing characteristics of milk,
indeed PMN have different enzyme pro-
files than macrophages. For these authors,
the possibility exists that PMN may act as
a marker for certain functional properties
of milk, which could be used by processors
to screen bulk milks.         

Table II. Changes in the different parameters related to the biochemical composition and technological
properties of tank milk (early and late lactation stage) with somatic cell counts comprised between 0 and
600 000 cells/mL (adapted from [40]).

Lactation period

Early Late

0–200 000
(n = 61)

200 000–400 000
(n = 54)

400 000–600 000
(n = 20)

0–200 000
(n = 33)

200 000–400 000
(n = 40)

400 000–600 000
(n = 20)

Tank milk 
Cell count 
(�1000/mL)

129a 289b 479c 147a 277b 478c

Protein content
(g/L)

31.4 31.2 30.7 31.7 31.4 31

Casein (%) 84.4a 83.9b 83.2c 85.32 84.93 84.72

Coagulation time 
(R, min)

25.4a 26.5ab 28.6b 22.9a 23.9ab 25.2b

Firmness 
(K20, min)

13.4a 14.1a 17.0b 11.6a 12.6ab 13.7b

pH 6.71a 6.72ab 6.74b 6.76 a 6.78ab 6.80b

�-caseins + 
minor caseins 
(%)

4.3a 4.9b 6.0c 4.8 4.7 5.1

�-casein (%) 12.3 12.0 12.0 10.5a 10.5 10.1

�-casein (%) 37.4 38.2 37.2 37.3 36.5 36.9

�-casein (%) 46.0a 45.0b 44.8c 47.4 48.3 47.9

For each period of lactation (at the begining and end) a, b, c significantly different means at the threshold 
P < 0.05.
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Rogers and Mitchell [66] showed that
the use of milk containing a TMCC >
500 000 cells/mL results in a cheddar
cheese with higher moisture content and
proteolysis breakdown products, increased
rennet coagulating time (by 25%) and
increased losses of fines, fat and protein in
the whey resulting in a decrease in cheese
yield of 8.9%. 

2.3. The relationship between SCC 
and pasteurized milk and UHT 
milk

2.3.1. Pasteurized milk (Tab. IV)

Ma et al. [43] showed that raw milk qual-
ity is lower in high SCC milk than in low
SCC milk and also adversely affects the
quality of pasteurized milk and decreases
its shelf-life. During post-pasteurization
cold storage, the rates of free fatty acid

increase and casein hydrolysis is signifi-
cantly high. The organoleptic quality of low
SCC milk remains high after 21 days of
cold storage whereas significant sensory
defects are measured between 14 and
21 days of cold storage in high SCC milk.

2.3.2. UHT milk (Tab. IV)

Auldist et al. [2] observed that upon
storage at 20 °C, early lactation UHT milk
gels far ahead that of late lactation milk;
within each stage of lactation, high SCC
UHT milk tends to gel first. In the same
study, the age of gelation was not always
related to the level of proteolysis and few
differences in the organoleptic properties
between UHT milk manufactured with
high SCC milk and low SCC milk were
observed. In agreement with these results,
Kelly and Foley [32] showed an increase in
the activity of the cell-associated plas-
minogen activator in high SCC milk.     

Table III. Chemical composition of raw milk used for cheesemaking with high and low bulk milk
cell counts.

Cheddar cheese [7] Cheddar cheese
[1]

Cottage
cheese [34]

Swiss-type
cheese [15]

Early lactation 
milk

Late lactation 
milk

n 7 8 7 3 3 3 3 – – 3 6 5

SCC (103/mL) 106 127–544 556–1300 121 252 687 1 463 83 872 113 228 528

Fat (g/L) 37.5 36.8 38.3 45.1 52.0 44.5 49.3 51.0 58.0 32.3 38.1 43.6

Casein (g/L) 25.4 25.2 25.6 23.4 27.1 22.5 24.0 24.6 25.8 – – –

% Casein (%) 81.9 79.9 79.9 80.0 77.0 77.0 75.0 81.6 79.6 72.31 73.71 68.71

Milk protease 
activity2

14.5 30.3 36.3 22.2 41.3 35.4 65.7 – – 0.15 0.19 0.22

Cheese protein 
recovery (%)

74.81 73.34 73.32 78.7 78.3 77.5 74.4 76.4 73.8 – – –

Adjusted yield 
efficiency

99.4 98.3 98.0 – – – – 101.5 97.2 – – –

Cheese 
grading (/100)

– – – 91.7 88.7 91.3 87.3 – – – – –

1 Calculated from milk protein – milk non casein N. 2 Measured with differents methods: degradation of 
casein after incubation at 37 °C [7]; plasmin activity with P-nitro aniline [1] and the AMC method [15].
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2.4. The relationship between SCC 
and powdered milk and yoghurt

2.4.1. Powder milk (Tab. V)

Auldist et al. [3] showed that full cream
milk powder manufactured from late lacta-

tion milk with an elevated bulk milk cell
count can display an altered heat stability
compared to powder made from a low bulk
milk cell count or milk from early lacta-
tion. Neither the bulk milk cell count nor
stage of lactation has any effect on the
organoleptic properties of milk powder

Table IV. Effect of somatic cell count on the quality of Pasteurized and UHT milk.

Type of milk Pasteurized milk 
[43]

UHT milk 
[2]

Early lactation milk Late lactation milk

n 8 8 3 3 3                  3

SCC (103/mL) 45 849 121 252 687 1 463

Free Fatty Acids (mM) 0.27 0.43 0.43 0.45 1.37 1.27

% Caseins 82.3 80.7 91a 91a 89a 89a

Proteolysis index 1.7b 4.0b 17c 17c 19c 28c

Sensory analysis
Odor
Taste

1.07d

1.05d
2.25d

2.50d
Good
Good

Good
Good

Good
Good

Good
Good

Gelification (month) – – 6 6 > 9 > 9
a Measured immediatly after manufacture. b Decrease in casein after 21 days of milk storage at 4 °C.
c Measured with the fluorescamine method after 6 months of storage. d Rancid after 21 days of milk storage
at 4 °C.

Table V. Effect of somatic cell count on the quality of full cream milk powder (adapted from [3]).

Early lactation milk Late lactation milk

SCC (�103/mL) 121a 687b 252a 1463c

n 3 3 3 3

Powder components

Fat (g/kg) 263a 262a 269a 269a

Total protein (g/kg) 262a 266a 295b 307c

Apparent casein (g/kg) 242a 241a 270b 278b

Non-protein N (g/kg) 2.15a 2.17a 2.62b 2.33ab

Lactose (g/kg) 400a 357b 46.2a 347b

Na (g/kg) 3.13a 3.83b 3.79b 6.09c

Heat-stability (103 kg/m/s)
(viscosity after sterilization, pH 6.50, 
reconstituted milk) 

20 30 20 100

Organoleptic quality

Odor and flavor (immediately after 
manufacturing)

Good Good Good Good

Odor and flavor (after 4 months of storage) Acceptable Acceptable Acceptable Inacceptable

a, b, c Values within rows without a common superscript were significantly different: P < 0.05.
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immediately after manufacturing, although
an elevated bulk milk cell count during late
lactation does affect the organoleptic prop-
erties of the powder during storage.

2.4.2. Yoghurt

For skim milk yoghurt manufactured
from milk with variable SCC, very few
studies are available. Rogers and Mitchell
[66] showed two different conclusions in
the same study. The first, showed that the
organoleptic grade of the yoghurt, made with
a tank milk cell count < 250 000 cells/mL,
is superior to that manufactured from milk
> 250 000 cells/mL; however, the data from
the second try indicates that there is no sig-
nificant relationship between milk somatic
cell count and the organoleptic grade of the
yoghurt.

3. THE MECHANISMS INVOLVED 
IN MILK COMPOSITION 
CHANGE

During the inflammatory process, three
mechanisms are involved in milk composi-
tion change: a decrease in synthesis, an
increase in the permeability of the milk
barrier and an increase in the proteolytic
activities in milk.

3.1. A decrease in synthesis

Only a few studies have dealt with the
impairment of the epithelial cells capacity
of synthesis during inflammatory episodes.
The lactose content, which is implicated in
the osmoregulation in the milk, is consid-
ered as an indicator of the epithelial cells
capacity of synthesis [70, 78]. The decrease
in lactose content leads to a decrease in
milk production [21] with an alteration or a
destruction of the epithelial cells by the leu-
kocytes and mainly PMN [73] or with the
invasion of the epithelial cells by bacteria
like Staphylococcus aureus [10, 72]. As a
result, the capacity of the synthesis of the
epithelial cells is weakened [52] or may be
due to a reorientation of cell metabolism.

In a recent study, Silanikove et al. [71]
showed that the fragment of �-CN (f1-18)
resulting from proteolysis is involved in
the decrease in milk secretion, which could
be caused by the blocking of K+ ducts on
the apical side of the epithelial cells. 

3.2. An increase in the milk barrier 
permeability

Macrophages are the main somatic cells
in the milk compartment of a healthy udder.
In the presence of a pathogen, these cells
play a key role in the immune defense by
recruiting PMN from the blood compart-
ment [65]. Macrophages release cytokines
mainly IL-8 and TNF-� that involve dia-
pedesis. During the inflammatory process,
the sequence of events as neutrophils pass
from the blood into milk implicates, when
mammary quarters are infected by S.
aureus, three mechanisms described by
Nickerson and Pankey [52]: mainly, a pro-
jection of neutrophils through degenerated
luminal cells is observed and then a pas-
sage as desquamed luminal cells and a pen-
etration between intact cell epithelia are
measured. These different modes of migra-
tion across luminal cells into milk impli-
cate the formation of holes in the cytoplasm
of the epithelial cells and the apoptotic
PMN cause a necrosis of the epithelial tis-
sues [75]. These phenomena lead to a trans-
fer of components between the blood and
milk (from the blood to the milk and from
the milk to the blood). The concentrations
of a large number of components change in
both compartments, amongst them BSA
with +10 to +20% in bulk milk [19, 77], cit-
rate with –28% in milk, K+ with –15% in
milk, Na+ and Cl– with respectively an
increase of +100% and +20 to 100% [28].

3.3. An increase in proteolytic activities

In milk, the main proteinase involved in
casein breakdown is plasmin [22, 23, 39,
45]. Plasmin and its inactive zymogen,
plasminogen vary considerably due to the
stage of lactation, breed, and the age of
the cow and mastitis. The importance of
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this protease milk alkaline proteinase
(plasmin) is well known and has been
extensively reviewed and the presence of
plasmin in milk affects many dairy foods.
Plasmin contributes to primary proteolysis
of caseins during the ripening of most
cheeses particularly in varieties which are
cooked at high temperatures [8, 9]. In UHT
milk, plasmin seems implicated in gelation
during storage [35]. Milk obtained from
mastitic or high SCC quarter milk contains
high concentrations of plasmin [41]. Within
the plasmin system, activators and inhibi-
tors control plasmin activity. The plas-
minogen activator activity in relation with
SCC has been widely investigated [4, 25,
81] and more recently Precetti et al. [59]
demonstrated the presence of two serine
proteinase inhibitors of the plasmin system
in bovine milk; �2-antiplasmin and plas-
minogen activator inhibitor-1, found by
Zavizion et al. [82] in bovine mammary
epithelial cells.

In the blood, most of the studies
concerned collagenase, elastase and cathe-
psin activities. During the inflammatory
response, the activities of these proteases
are significantly increased as reported
for collagenase [60], elastase [5, 60], cathe-
psin G only [5] and both cathepsins C and
G [60]. The role of these proteases in the
degradation of the extracellular matrix is
well known [5, 54]. Many studies report a
high SCC during mastitis with mainly PMN
[31]. PMN massive recruitment explains
the increase of milk SCC and therefore a
part of the increase of proteolytic activity.
Recently, an increase in collagenase activ-
ity was reported in milk by Raulo et al. [62].
In vitro studies reported a caseinolytic
capacity on different types of caseins of
some proteases recovered in PMN: collage-
nase, susceptible to hydrolysate �-casein
[24], cathepsin D, susceptible to hydroly-
sate �-casein, �s1-casein, �s2-casein and
k-casein [37, 46]; cathepsin G susceptible
to hydrolysate �-casein, �s1-casein [18] or
elastase susceptible to hydrolysate �-casein,
�s1-casein [16, 17]. Recently, some authors
have studied the potential impact of cathe-

psin D in different cheese products: quarg
cheese [30], and rennet free UF-feta cheese
[38]. Cathepsin D is a heat stable lysosomal
aspartic proteinase with a low pH optimum
correlated with SCC [29] and may play a
role in the ripening of high-cooked cheese
varieties [15] and more in cheese varieties
where no rennet is added (rennet free
UF-feta cheese).

4. MECHANISMS OF ENDOGENOUS 
PROTEOLYSIS IN MILK

4.1. Caseinolysis by PMN

The degranulation of PMN seems to be
the principal origin of the proteolytic activ-
ities with mainly neutral proteases such as
elastase, collagenase, cathepsin G, protein-
ase 3, etc. [31, 54]. After LPS infusion, the
capacity of caseinolysis of PMN neutral
proteases and acidic proteases has been
shown by Moussaoui et al. [50]. PMN are
reported to contain acidic proteases such as
cathepsins B, C, D or L [54]. These pro-
teases are not at their optimal pH after
degranulation since they are in the environ-
ment (milk) with a pH tending to neutrality,
suggesting that neutral proteases cannot
degrade proteins in an extra-cellular way. It
is noteworthy that PMN have an important
capacity of phagocytosis in comparison
with other cells from the immune system.
On this basis, two hypothetical mecha-
nisms can be presented (Fig. 1).

A first mechanism could be “contact
proteolysis” and would include the activity
of acidic proteases limited by a very low
local pH in the external periphery of the
PMN, which would permit to degrade
caseins in the neutral pH of milk. Proteases
such as cathepsins B, C, D and L would be
released by PMN from vesicles with a low
pH such as lysosomes. The resulting casein
fragments would be either released in milk
or internalized by PMN.

A second mechanism could be “proteol-
ysis by internalization”: the ingestion of
quantities of granules in vesicles of endocy-
tosis (casein micelles, fat globules) by milk



PMN proteolytic activity and milk composition change 637

F
ig

ur
e 

1.
 T

he
 t

w
o 

hy
po

th
et

ic
al

 m
ec

ha
ni

sm
s 

of
 c

as
ei

no
ly

si
s 

by
 a

ci
di

c 
pr

ot
ea

se
s:

 “
co

nt
ac

t 
pr

ot
eo

ly
si

s”
 a

nd
 “

pr
ot

eo
ly

si
s 

by
 i

nt
er

na
li

za
ti

on
”.

 i
PM

N
 =

im
m

at
ur

e 
PM

N
 a

nd
 m

P
M

N
 =

 m
at

ur
e 

PM
N

.



638 Y. Le Roux et al.

PMN has been largely demonstrated [55,
64, 67]. These vesicles would fusion with
lysosomes, the acidic pH of the resulting
phagosome would permit an optimal func-
tion of acidic proteases. The resulting deg-
radation products would be partly or
completely released in milk.

4.2. The relationships between the main 
events involved in milk composition 
change (Fig. 2)

4.2.1. The relationship with the increase 
of the epithelial barrier 
permeability

Plasmin and PMN proteases are both
involved in the impairment of the milk
barrier permeability through the degrada-
tion of the extracellular matrix. Plasmin,
elastase and cathepsin G degrade glycopro-
teins such as fibronectin, thrombospondin
and the Willerbrand factor [11]. PMN pro-
teases degrade other proteins of the extra-
cellular matrix such as collagen, gelatins,
laminin, etc. [54].

4.2.1.1. Plasmin activity (Tab. VI)

The influx of a large number of blood
components in milk has a positive effect on
plasmin activity, first by the increase of the
plasminogen concentration [68]. The epi-
thelial barrier permeability could be
responsible for an increase in plasminogen
activator concentrations in milk (both tis-
sular or t-PA and urokinase or the u-PA
type) since these components are present in
very high levels in the blood because of
their involvement in blood clot dissolution
[20]. Moreover, PMN synthesize plasmi-
nogen activators, mainly t-PA [49, 57].
Other components with a main action other
than plasminogen activation do have an
effect on plasminogen conversion into
plasmin. The epidermal growth factor
(EGF) increases u-PA activity 10-fold [20].
The insulin-like growth factor I (IGF-I)
whose concentration increases from 82 to

150% during mastitis has been reported to
have a stimulating effect on u-PA synthesis
[56]. Prostaglandin E2 (PGE2) has a stim-
ulating effect on u-PA and t-PA [9], con-
comitantly PGE2 concentration increases
during mastitis [80]. Serine proteases stim-
ulate the action of plasminogen activators
which is as important as the increase of
plasmin activity (+570%, [50]), cathepsin G
from milk PMN (+542%, [60]) and elastase
activities (+164%, [60]). In addition,
plasmin activates Collagenase IV by cleav-
ing its zymogen [54]. 

The influx of blood components in milk
could have a negative effect on plasmin
activity by the increase of the concentra-
tion of plasminogen activators inhibitor.
Retinoic acid (Vitamin A) has an increased
concentration during mastitis [51] and
therefore has an inhibitory effect on
both u-PA and t-PA [20]. Glucocorticoids
inhibit u-PA action and less markedly
that of t-PA [20]. BSA, whose level is
increased by 1427% during mastitis [23]
has an inhibitory effect (25 to 65% inhibi-
tion) on both plasmin and plasminogen
activities [58]. The same effects were
observed for  �-lactoglobulin and �-lactal-
bumin by the same authors. �1-antitrypsin
(�1-AT) and �2-macroglobulin (�2-Mg)
have some increasing concentrations dur-
ing mastitis [44, 51] and have, in addition,
an inhibitory effect on u-PA and t-PA. The
increase of �1-AT concentration is com-
prised between 2500 and 5700% in cases
of 10 �g LPS infusion [62].

4.2.1.2. PMN protease activity (Tab. VI)

The influx of blood components in milk
involves both the inhibitory and activatory
effects on PMN protease activities. The
increase in the epithelial barrier permeability
involves an increase in Cl– concentration
in milk: e.g. +79% in cases of experimental
mastitis involving lipopolysaccharides (LPS)
from E. coli [27]. Cathepsin C activity is
reported to be increased by Cl– [14]. 
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The influx of �1-AT in milk during the
inflammatory process [62] is involved in
elastase inhibition [63] and that of cathep-
sin G [5]. �2-Mg is an inhibitor of the four
classes of proteases [54] and its concentra-
tion in milk increases during mastitis [44,
61].

4.2.2. The relationship with the PMN 
stage of maturity

4.2.2.1. Plasmin activity

PMN express different types of pro-
teases depending on their stage of matu-

rity. These cells have the capacity of
promoting plasminogen activity such as
u-PA and less markedly t-PA [49]. In addi-
tion, the level of expression of plasmino-
gen activators by PMN is intimately linked
to the cell stage of maturity (Moussaoui
et al., personnal communication). 

4.2.2.2. PMN protease activity

Verdi and Barbano [79] showed that the
proteolytic activity at pH 6.6 was signifi-
cantly higher for the somatic cell isolated
from milk than for leucocytes isolated from
the blood of healthy cows, this increase may

Table VI. Components with an activatory or inhibitory effect on plasmin (u-PA or t-PA) or on
PMN proteases, variation of their concentrations during mastitis. 

Component Activation
 or inhibition

Variation in milk with a high SCC References

Effect on plasmin

IGF I � u-PA +82 to 150% (quarter milk, 500 �g LPS) [13]

Serine Proteases � u-PA and t-PA +570% for plasmin (quarter milk, 10 �g LPS)

+19% for plasmin (bulk milk, subclinical mastitis)

+542% for cathepsins (G included, PMN quarter 
milk, 10 �g LPS)

+164% for elastase (PMN from quarter milk, 
10 �g LPS)

[50]

[77]

[60]

[60]

PGE2 � u-PA and t-PA NQ [79]

Vitamin A � u-PA and t-PA NQ [51]

Glucocorticoids � uPA and t-PA +108% (quarter milk, 500 �g LPS) [23]

BSA � plasmin and 
plasminogen

+1427% (quarter milk, 500 �g LPS)

�1-AT � u-PA and t-PA +2500 to 5700% (quarter milk, 10 �g LPS) [62]

�2-Mg � u-PA and t-PA NQ [44]
[51]

Effect on PMN 
proteases

�1-AT � elastase +2500 to 5700% (quarter milk, 10 �g de LPS) [62]

Cl– � cathepsin C +79% (quarter milk, 100 �g de LPS) [27]

u-PA = urokinase plasmin activator; t-PA tissular plasmin activator; �1-AT = �1-antitrypsin; NQ = non quan-
tified; �2-Mg = �2-macroglobulin; PGE2 = prostaglandin E 2; � = inhibition; � = activation.



PMN proteolytic activity and milk composition change 641

be caused by a higher proportion of acti-
vated cells in somatic cells isolated from
milk produced by cows with mastitis than
in the leucocytes isolated from the blood of
healthy cows. The PMN stage of maturity
is linked to a differential expression of pro-
teases located in different granules [12].
Serine proteases (e.g. elastase, cathepsin G)
are expressed in azurophilic granules (or
primary granules) at very early stages of
maturity such as promyelocytes until meta-
myelocytes; such proteases are expressed
at a low level in mature PMN [74].
Metalloproteases such as collagenases are
expressed in gelatinase granules (or tertiary
granules) at later stages of maturity such as
metamyelocytes and band cells [12, 54].
Acidic proteases such as cathepsins B, C, D,
H and L are located in lysosomes with an
acidic environment [76] and are expressed
by both primary and tertiary granules
mainly for cathepsins B and D [31].

4.2.3. The relationship with 
the inflammatory process

The order of expression of the main
PMN proteases cited below would be
elastase, cathepsins C and G, and collage-
nase IV [54, 74, 76]. PMN proteolytic
activities are regulated by mediators of
inflammation like cytokines. Pro-inflam-
matory cytokines promote the activity of
such proteases at a transcriptionnal level,
which is the case of IL-1 and IL-8 for col-
lagenase IV [53], IL-6, IL-2 and TNF-� for
serine proteases such as elastase and cathe-
psin G [5].

In order to limit the inflammatory
response, anti-inflammatory cytokines such
as IL-4, IFN-�, IL-6 and IL-10 inhibit the
expression of collagenase IV [53]; other
cytokines such as IL-1�, TNF-�, TGF-�
and IL-8 inhibit serine proteases [5]. These
proteases have a key role in immunomod-
ulation by cleaving IL-1 and IL-8 by colla-
genase IV, IL-6, IL-2 and TNF-� by serine
proteases such as elastase, cathepsin G and
proteinase 3 [5, 53]. 

4.2.4. The relationship with bacteria

4.2.4.1. Bacterial capacity to promote 
plasminogen activation 

The production of u-PA has been found
to be enhanced in bovine mammary epithe-
lial cells infected by S. aureus [83] as well
as in human monocytes infected by Borre-
lia burgdorferi [36]. Two groups of bacte-
rial plasmin activators have been reported:
streptokinase (SK) and staphylokinase
(SAK). Both components bind plasmino-
gen and plasmin leading to a conforma-
tional change of plasmin or plasminogen.
The complexes acquire a remarkable effi-
ciency to activate plasminogen [36]. A
protein from Streptococcus uberis has been
reported to activate bovine plasminogen
[42]. Many bacteria express a receptor plas-
minogen (PlgRs) on their surface, which has
been reported for S. aureus, E. coli, Salmo-
nella typhimurium. The role of PlgRs is the
immobilization of Plg, which enhances Plg
activation [36]. 

4.2.4.2. Bacterial capacity to promote 
permeabilization of the epithelial 
barrier

Bacteria bound to plasmin have been
shown to degrade the extracellular matrix
and promote the permeabilization of the
mammary epithelium. This complex acti-
vates collagenase IV and more widely met-
alloproteinases by cleaving the zymogen
[36].

4.2.5. Autoregulation

Plasmin regulates its own activity as
long as it is involved with urokinase in plas-
minogen activation into plasmin [26].
Autoregulation of PMN proteases corre-
sponds to the interaction between the dif-
ferent classes of proteases. Cathepsin G
activates collagenase IV by cleaving its
zymogen [54]. Collagenase IV has an inhib-
itory effect on serine protease inhibitors (or
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serpines), which promotes the activity of
elastase, cathepsin G and plasmin.

5. CONCLUSION 

The increase of the somatic cell count in
milk causes a great change in most param-
eters related to the biochemical aspects.
For quarter milk, no threshold in these var-
iations seems to exist between 0 and
600 000 cells. In tank milk, SCC below
200 000 cells/mL represents only minor
risks of compositional change; however, in
milk falling into the 400–600 000 cells/mL
category, a wide variability is observed.
These modifications of milk composition
have a variable impact on the quality of
dairy products. An increase in SCC has a
negative influence in cheese processing, in
pasteurized milk grading and full cream
milk powder grading during storage. The
gelification of UHT milk seems influenced
by SCC in interaction with the stage of lac-
tation but the mechanisms are not com-
pletely elucidated. The impact on yoghurt
processing has not been correctly studied. 

The direct role of PMN in caseinolysis
has been demonstrated but the mechanisms
involved still need to be clarified. The role
of PMN proteases and their activators/
inhibitors has recently been developed.
Some variations of the proteolytic activi-
ties of PMN are measured in relation with
the maturity or the activation of these cells.
To study the impact of PMN, in their
works, most authors use the LPS-model; it
could yet be more accurate to study the
relationship between SCC and milk quality
in cases of milk from quarters infected with
miscellaneous pathogens inducing sub-
clinical mastitis because such milks are
collected and used for human dairy foods.
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