
J. Dairy Sci. 87:533–542
© American Dairy Science Association, 2004.

Effects of Somatic Cell Count and Stage of Lactation on the Plasmin
Activity and Cheese-Making Properties of Ewe Milk

M. Albenzio,1 M. Caroprese,1 A. Santillo,1 R. Marino,1 L. Taibi,2 and A. Sevi1
1Dipartimento PRIME, Università di Foggia, Italy
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ABSTRACT

The experiment was conducted from March to July
2002 using 5 intensively managed flocks of Southern
Italy. In each flock, 2 groups of 50 ewes were created.
The groups were designated LSCC (low somatic cell
count [SCC]) when their milk SCC was lower than
500,000/mL and HSCC (high SCC) when their milk
SCC was higher than 1,000,000/mL. Bulk milk and
whey samples were analyzed for fat, total protein, lac-
tose, casein, and whey protein contents. Renneting
properties of milk were also determined. Moisture,
NaCl, and nitrogen fractions were determined in fresh
cheese curds. In addition, plasmin (PL) and plasmino-
gen (PG) activities in milk and cheese were monitored.
The proteolytic activity of plasmin by urea-polyacryl-
amide gel electrophoresis and the white blood cell
(WBC) differentials were determined. The HSCC re-
sulted in higher pH values in milk and in higher mois-
ture and lower fat contents in fresh cheese curds. More-
over, a lower recovery of fat and whey proteins was
obtained from the HSCC than from the LSCC raw milk.
The crude protein and casein contents were higher in
the HSCC than in the LSCC curds during early and
midlactation; an opposite trend was observed in late
lactation. Plasmin and PG activities underwent more
marked fluctuations in the LSCC than in the HSCC
curds through lactation. The results of this experiment
demonstrate that the PL activity in ewe milk is mark-
edly influenced by the SCC, although SCC is not the
only parameter for predicting PL and PG evolution in
ewe milk. The LSCC milk resulted in a higher proteo-
lytic potential of Canestrato pugliese cheese curds.
(Key words: plasmin activity, proteolysis, somatic cell
count, stage of lactation)

Abbreviation key: HSCC = high SCC, LSCC = low
SCC, NCN = noncasein nitrogen, PG = plasminogen,
PL = plasmin, WBC = white blood cells.
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INTRODUCTION

Milk SCC is a widely used marker for both udder
health and milk quality (O’Brien et al., 2001). The SCC
in milk varies because of a number of external factors
such as mastitis, stage of lactation, season, milk yield,
and number of lactations (Bastian and Brown, 1996;
Albenzio et al., 2002; Sevi et al., 2001). It has been
shown that an increase in milk SCC can cause an in-
crease in the amount of proteolytic activity and can
reduce the yield and quality of cheese (Ali et al., 1980;
Grandison and Ford, 1986; Verdi and Barbano, 1991).
Kelly et al. (2000) found that an elevated SCC can alter
the protein fractions distribution; decrease casein and
lactose levels in milk; increase rennet clotting time,
cheese moisture, and losses of fat and proteins in whey,
and reduce curd firmness and cheese yielding.

Kelly and McSweeney (2002) reported that somatic
cells, the principal physiological function of which is to
defend the udder from infections, contain lysosomes
that release active proteolytic enzymes (i.e., elastase,
collagenase, and cathepsins). Plasmin plays the main
role among the proteolytic enzymes in milk; plasmin
can rapidly cleave both β-casein into γ-casein and
smaller polypeptides (Auldist et al., 1996) and αs1- and
αs2-CN (Le Bars and Gripon, 1993; McSweeney et al.,
1993). The increase in plasmin (PL) activity is the main
factor responsible for impaired coagulation features
and casein degradation in milk (Lucey, 1996; Sriniva-
san and Lucey, 2002) and leads to a reduction in cheese
yield and to changes in functionality of milk protein
with regard to milk coagulation (Zachos et al., 1992).

Changes in the yield and quality of ewe milk through
lactation are influenced by both seasonal and physiolog-
ical factors (Sevi et al., 2002). Bastian et al. (1991)
suggested that the flow of enzyme from blood into milk
increases in early lactation and remains constant there-
after, even though greater activation of plasminogen
(PG) and a higher PL activity occurs toward the end of
lactation (Bastian and Brown, 1996). Richardson (1983)
found that the increase in PL activity is due to more PL
entering the mammary gland rather than to increased
levels of PG activators. On the contrary, Zachos et al.
(1992) showed no effect of stage of lactation on PG acti-
vator levels.
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Poor coagulating properties are often observed with
late lactation milk (Grufferty and Fox, 1988); such milk
often contains higher concentrations of proteose pep-
tones (Phelan et al., 1982), as γ-CN and other caseins
breakdown products in mid-lactation milk (Okigbo et
al., 1985). This seems to suggest that increased PL
activity is responsible for the poor coagulating proper-
ties of late lactation milk (O’Keeffe et al., 1982).

The aim of this study was to determine the effects of
SCC and stage of lactation on the enzymatic activity of
ewe milk, curd composition, and cheese-making prop-
erties.

MATERIALS AND METHODS

Experimental Design and Animal Management

The experiment was conducted from March to July
2002 using 5 intensively managed flocks of Comisana
ewes located in Southern Italy. In all flocks, sheep were
housed on straw litter in prefabricated buildings and
were given hay and concentrates during the winter
months. During the spring season and until the begin-
ning of summer, the ewes grazed and were supple-
mented with hay and concentrates in the trough. Be-
cause of herbage scarcity, the ewes only received hay
and concentrate in the trough during mid summer. The
ewes were milked twice daily in parlors using pipeline
milking machines. In each flock, 2 groups of 50 ewes
were selected on the basis of milk SCC recorded during
the previous lactations the month before the commence-
ment of the experiment. Groups were LSCC (low SCC)
when the SCC content was lower than 500,000/mL and
HSCC (high SCC) when the SCC content was higher
than 1,000,000/mL. Averages of milk SCC were (X ±
SE) 245 ± 32, 234 ± 43, and 248 ± 36 in the LSCC groups
and 2051 ± 104, 1834 ± 112, and 2241 ± 116 cells/mL
in the HSCC groups, respectively, during early, mid,
and late lactation. Before starting the trial and before
each sampling cycle, the selected ewes were carefully
examined by veterinarians to detect the presence or
confirm the absence of signs of clinical mastitis, such
as fever, pain, or gland swelling. A small quantity of
milk was checked visually for signs of mastitis. Ewes
showing any sign of clinical mastitis were excluded from
the sampling cycle. However, microbiological analysis
on milk was not carried out, so the existence of subclini-
cal mastitis cannot be excluded in the HSCC group. For
each flock, three sampling cycles were performed during
early, mid, and late lactation (less than 70 d, from 110
to 130 d, and more than 160 in lactation, respectively).
For each sampling cycle, samples were collected in trip-
licate from the milk of 6 consecutive milkings. In each
flock, the ewes with a milk SCC exceeding or below the
appointed thresholds during the sampling cycle the day
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before were excluded from the experimental groups; the
number of ewes per group was never less than 42.

Sampling and Analyses of Milk, Whey, and Cheese

A total of 270 milk samples were collected and ana-
lyzed for fat, total protein, and lactose (Milko Scan
133B; Foss Electric, DK-3400 Hillerød, Denmark). To-
tal nitrogen, noncasein nitrogen (NCN), and NPN were
determined by standard procedures using the Kjeldahl
method (International Dairy Federation, 1993). Casein
nitrogen was calculated as the difference between total
protein and NCN; whey protein was calculated as the
difference between NCN and NPN. All nitrogen results
were expressed as protein equivalent using a conver-
sion factor of 6.38. Somatic cell count was determined
using a Fossomatic 90 (Foss Electric) according to the
International Dairy Federation (1995) standard; white
blood cell (WBC) differential was determined by means
of direct microscopic count in milk smears stained with
May-Grünwald-Giemsa. Renneting characteristics
(clotting time, rate of clot formation, and clot firmness
after 30 min) were measured using a Foss Electric
Formagraph and the method of Zannoni and Anni-
baldi (1981).

The pool milk collected during each sampling cycle
was stored under refrigeration at 4°C and then pro-
cessed for Canestrato pugliese cheese according to the
traditional protocol reported by Albenzio et al. (2001).
Three cheeses were manufactured from the HSCC and
the LSCC milk obtained in each flock. In fresh cheese
curds, the moisture content was determined according
to the International Dairy Federation (1970) standard
after 24 h of aging. Total nitrogen and pH 4.6-soluble
N were determined as described by Gripon et al. (1975);
total nitrogen minus pH 4.6-soluble N yielded casein
nitrogen. The fat content was determined by the Sox-
hlet method using petroleum ether.

Milk and cheese pH and calcium content were deter-
mined according to International Dairy Federation
(1989; 1992) standards.

Whey samples were analyzed for fat, lactose, total
protein, casein, and whey protein contents as for
milk samples.

Determination of PL and PG Activities
in Milk and Fresh Cheese Curd

Plasmin and PG activities in milk were determined
according to the method of Baldi et al. (1996); the disso-
ciation of PL and PG from casein micelles was obtained
by incubation of skim milk with 50 mM of ε-aminoca-
proic acid for 2 h at room temperature as described by
Korycka-Dahl et al. (1983). The reaction mixture was
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of 250 μL of 0.1 M Tris-HCl buffer (pH 7.4), 0.6 mM
Val-Leu-Lys-p-nitroanilide (V7127; Sigma Chemical
Co., St. Louis, MO), 30 plough units (2.5 μL) of uroki-
nase (U0633; Sigma Chemical Co.), and 30 μL of milk
serum. Plasmin activity was measured in the same re-
action mixture without added urokinase. Plasminogen-
derived activity was the difference. A similar reaction
mixture without sample was used as a control. The
reaction mixture was incubated at 37°C for 3 h, and
A405 was measured at 30-min intervals with a microtiter
plate reader (Anthos 2020 version 1.0; Diessechem, Mi-
lano-Italy). One unit of PL or PG activity was defined
as the amount of the enzyme that produces a change
in absorbance at 405 nm of 0.1 in 60 min.

Plasmin and PG activities in fresh cheese curd were
determine according to the method of Richardson and
Pearce (1981) modified accordingly: on the grated
cheese (5 g) dispersed in 20 mL 0.4 M-sodium citrate
(pH 8.5), after equilibration at 38°C for 15 min, the
mixture was homogenized in a Stomacher Lab-Blender
400 (PBI International, Milan, Italy) for 5 min. The
assay of PL and PG activities were detected as pre-
viously described for milk samples.

Urea-Page of PL Activity on Na-caseinate

To investigate the plasmin proteolytic activity, 4%
ovine Na-caseinate in a Tris-buffer (pH 8.0) was used.
Whole casein and sodium caseinate were prepared from
a sample of ovine skim milk according to the method
of Mulvihill and Fox (1977). Sodium caseinate was dis-
solved in 0.1 M Tris-base (Sigma Chemical Co.) and
sodium azide (0.5%). Serum obtained by ultracentrifu-
gation of skim milk (27,000 g × 20 min at 4°C) was
incubated in sodium caseinate buffer from 0 to 24 h at
37°C. In HSCC milk, the effects of plasmin activity on
sodium caseinate were evaluated by urea-PAGE using
a Protean II xi vertical slab gel unit (Bio-Rad, Watford,
UK). The stacking and resolving gel system was pre-
pared as described by Andrews (1983). The gels were
stained using a modification of the method of Blakesley
and Boezi (1977) with Coomassie Brillant Blue G250.

Statistical Analyses

Milk, whey, and cheese variables were processed us-
ing the GLM procedure for repeated measures (SAS,
1999). The variation caused by SCC, stage of lactation,
and their interaction was tested. Replication within
treatment was used as the error term. When significant
effects were found (at P < 0.05, unless otherwise noted),
the Student t-test was used to locate significant differ-
ences between means. Farm effects were significant
only a very few times, probably because of the very
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similar flock management adopted in the farms where
the investigation was conducted. Hence, farm effects
were not included in the statistical model.

RESULTS

Milk Composition

The average milk yields were 886 ± 28 g/d for the
LSCC group and 472 ± 37 g/d for the HSCC (data not
shown). The chemical composition of ewe milk is pre-
sented in Table 1. Crude protein content was higher in
the HSCC milk than in the LSCC milk both in early
(P < 0.001) and late (P < 0.05) lactation; the same trend
was observed for the whey protein content during the
whole lactation period. No differences were found in
casein and fat contents. Regardless of milk SCC, whey
protein and fat contents increased with the advance-
ment of lactation, but lactose content decreased. The
lowest CP content was found during early lactation in
the LSCC milk and during midlactation in the HSCC
milk. Plasmin and PG activities were affected by SCC
(P < 0.001); PL activity was significantly higher (P <
0.01) in the HSCC milk than in the LSCC milk through-
out lactation (Figure 1). In contrast, PG activity was
higher in the HSCC milk than in the LSCC milk (P <
0.001) only during midlactation (Figure 2). The PG:PL
ratio was lower in the HSCC milk than in the LSCC
milk throughout lactation and, regardless of milk SCC,
was higher in mid than in early and late lactation (data
not shown). Higher pH values were found in the HSCC
milk than in the LSCC milk (P < 0.001) during mid and
late lactation (Table 2). The LSCC milk had a lower
clotting time and a higher curd firmness compared with
the HSCC milk throughout lactation (P < 0.001); rate
of clot firming was found to be lower in the LSCC milk
than in the HSCC milk during early (P < 0.01) and late
lactation (P < 0.05). Clotting time decreased and rate
of firming increased with the advancement of lactation
in the LSCC milk; in the HSCC milk, the lowest values
of both parameters were found in midlactation. Regard-
less of milk SCC, the highest curd firmness values were
found in midlactation, and the lowest were found in
late lactation.

Table 3 shows the WBC differential observed in the
HSCC milk. Only macrophages significantly changed
(P < 0.05) during lactation: the lowest values were ob-
served in midlactation (2.40%) and the highest were
observed in late lactation (4.31%). In the LSCC milk,
the WBC differential data were judged not accurate
enough because of the low cell number (Pasquinelli,
1981) and were not included in the paper.

Correlation coefficients between PL, PG, and PG:PL
ratio and milk composition and coagulation characteris-
tics are reported in Table 4. The PL and PG activities
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Table 1. Least square means (± SEM) of chemical composition of ewe milk with low SCC (LSCC) and high
SCC (HSCC) during lactation.

Effect

Stage of Stage of SCC × stage
lactation LSCC HSCC SEM SCC lactation of lactation

P
CP, % Early 5.40a 5.86b

Mid 5.46 5.56
Late 5.99a 6.27b 0.08 *** *** NS

Casein, % Early 4.12 4.27
Mid 3.96 4.03
Late 4.21 4.33 0.11 NS NS NS

Whey protein, % Early 1.17a 1.28b

Mid 1.21a 1.40b

Late 1.35a 1.51b 0.03 *** *** NS
Fat, % Early 6.54 6.72

Mid 7.46 7.59
Late 8.61 8.34 0.21 NS *** NS

Lactose, % Early 4.81b 4.47a

Mid 4.59b 4.08a

Late 4.36b 3.70a 0.09 *** *** *

a,bMeans within the same row followed by different letters differ at P < 0.05.
*P < 0.05.
***P < 0.001

and the PG:PL ratio were not significantly correlated
with casein content, rate of firming, and curd firmness.
Positive correlations between PL and whey proteins (P
< 0.001), log SCC (P < 0.001), and clotting time (P < 0.01)
were found. Moreover PG was positively correlated with
log SCC (P < 0.01) and clotting time (P < 0.001). The
PG:PL ratio was only correlated with clotting time (P
< 0.001).

Figure 1. Plasmin (PL) activity in ewe milk with low SCC (LSCC)
and high SCC (HSCC) during early, mid, and late stages of lactation.
a,bMeans followed by different letters differ at P < 0.05.
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Fresh Cheese Curd Properties
and Whey Composition

The chemical composition of fresh cheese curds 24 h
after manufacture is reported in Table 5. In the curds
obtained from early lactation milk, pH and calcium
contents were found lower in the HSCC milk than in the
LSCC milk (P < 0.001); an opposite trend was observed

Figure 2. Plasminogen (PG) activity in ewe milk with low SCC
(LSCC) and high SCC (HSCC) during early, mid, and late stages of
lactation. a,bMeans followed by different letters differ at P < 0.05.
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Table 2. Least square means (± SEM) of renneting properties of ewe milk used for cheese making with low
SCC (LSCC) and high SCC (HSCC) during lactation.

Effect

Stage of Stage of SCC × stage
lactation LSCC HSCC SEM SCC lactation of lactation

P
pH Early 6.66 6.75

Mid 6.65a 6.92b

Late 6.62a 6.93b 0.04 *** NS **
Clotting time, min Early 9.03a 19.56b

Mid 5.56a 11.03b

Late 3.56a 14.03b 0.29 *** *** ***
Rate of firming, min Early 1.03a 2.56b

Mid 2.01 1.57
Late 2.03a 3.03b 0.29 ** * **

Curd firmness, mm Early 63.03b 52.03a

Mid 65.01b 60.11a

Late 57.1b 48.10a 0.56 *** *** ***

a,bMeans within the same row followed by different letters differ at P < 0.05.
*P < 0.05.
**P < 0.01.
***P < 0.001

during mid and late lactation. The moisture content
was higher, and the fat content was lower, in the HSCC
fresh cheese curds than in the LSCC fresh cheese curds
during early and midlactation (P < 0.001). The CP and
the casein contents were higher in the HSCC curds
than in the LSCC curds during early and midlactation;
an opposite trend was observed in late lactation. The
water-soluble nitrogen fractions and proteose peptone
fractions were not affected by SCC, stage of lactation,
and their interaction (data not shown). Changes in PL
and PG activities in fresh cheese curds are reported in
Figures 3 and 4. In the LSCC group, PL activity was
found higher during early and late lactation and lower
in midlactation. The PG activity was similar in early
lactation and was found significantly higher in the
LSCC fresh cheese curds than in the HSCC fresh cheese
curds during mid and late lactation. In general, PL and
PG activities underwent more marked fluctuations in
the LSCC curds than in the HSCC curds through lacta-
tion. In fact, in early lactation, PL activity was about

Table 3. Least square means (± SEM) of white blood cell (WBC) differentials in the high SCC milk during
lactation.

Stage of lactation Effect (P)

Early Mid Late SEM Stage of lactation

Lymphocytes, % 46.53 41.36 42.12 3.21 NS
Neutrophils, % 48.25 56.15 51.43 3.02 NS
Basophils, % 1.14 1.16 1.58 0.21 NS
Eosinophils, % 1.16 1.01 1.50 0.22 NS
Macrophages, % 3.31 2.40a 4.31b 0.58 *

a,bMeans within the same row followed by different letters differ at P < 0.05.
*P < 0.05.
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15 U/g in the LSCC curds, dropped below 10 U/g in
midlactation, and then rose again to about 25 U/g in
late lactation. At the same time, PG activity passed
from about 14 U/g in early lactation to over or near 25
U/g in mid and late lactation.

The urea-PAGE of the plasmin activity (pH 8.0) on
sodium-caseinate in the HSCC milk is presented in
Figure 5. The electrophoretogram shows lower degrada-
tion products of β-CN after 0 and 24 h of incubation in
late lactation than in early and midlactation. In con-
trast, α-CN remained substantially unchanged both at
6 and 24 h of incubation.

The fat content in the whey from cheese making (Ta-
ble 6) increased with the advancement of lactation and
was higher in the HSCC group than in the LSCC group
throughout the study period (P < 0.001). The lactose
content was higher in the LSCC whey than in the HSCC
whey at each sampling time, but the CP and whey
protein contents were found higher in the HSCC group
during mid and late lactation. No differences emerged
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Table 4. Correlation coefficients between plasminogen activation system and some milk components and
renneting parameters

Whey Log Clotting Rate of Curd
Casein protein SCC time firming firmness

Plasmin −0.01NS 0.28*** 0.5*** 0.31** 0.02NS −0.18NS

Plasminogen −0.07NS 0.09NS 0.26** 0.5*** −0.02NS 0.05NS

Plasminogen:plasmin −0.13NS −0.08NS 0.03NS 0.4*** −0.12NS 0.13NS

**P < 0.01.
***P < 0.001.

in the casein content. Regardless of milk SCC, the recov-
ery of fat and of CP increased with the advancement
of lactation.

DISCUSSION

Several studies have focused on the effects of SCC
and stage of lactation on milk quality and PL activity.
However, little is known about the interactions between
SCC and stage of lactation on ewe milk composition,
enzymatic activity, and cheese-making ability.

Previous reports on the effects of SCC and stage of
lactation on milk protein content are not consistent.
Auldist et al. (1995) observed that milk from cows with
an elevated SCC contained more total protein than milk
from healthy cows, but Rogers and Mitchell (1989) did
not observe any influence of SCC on this parameter.
Discrepancy of results may be attributed to the fact
that a number of factors are involved in the changes

Table 5. Least square means (± SEM) of chemical composition of fresh cheese curd manufactured from ewe
milk with low SCC (LSCC) and high SCC (HSCC) bulk milk during lactation.

Effect

Stage of Stage of SCC × stage
lactation LSCC HSCC SEM SCC lactation of lactation

P
pH Early 5.04b 4.81a

Mid 4.99a 5.06b

Late 4.91a 5.08b 0.01 NS *** ***
Calcium, % Early 0.82b 0.76a

Mid 0.84a 0.92b

Late 0.88a 0.99b 0.01 *** *** NS
Moisture, % Early 47.29a 50.29b

Mid 44.43a 48.09b

Late 46.61 47.04 0.16 *** *** ***
Fat/DM, % Early 39.80b 37.08a

Mid 44.39b 37.44a

Late 41.57 40.7 0.4 *** *** ***
CP/DM, % Early 42.36a 46.83b

Mid 40.29a 43.50b

Late 45.06b 43.01a 0.23 *** *** ***
Casein/DM, % Early 38.29a 41.90b

Mid 37.72a 39.18b

Late 42.39b 37.99a 0.18 NS *** ***

a,bMeans within the same row followed by different letters differ at P < 0.05.
***P < 0.001
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occurring in total protein, casein, and whey protein
contents of milk with increasing SCC and the advance-
ment of lactation, such as a reduction in the volume of
milk secreted, an enhanced influx of serum proteins
from the extracellular fluid into the milk (Auldist et
al., 1996), and leukocyte recruitment, which can cause
extensive epithelium secretory cell damage (Sevi et al.,
2001). In the present trial, we did not find differences
in the milk casein content, but a higher total protein
content was observed in the HSCC milk when compared
with the LSCC milk, which was partially due to a rise
in the whey protein content.

The effects of SCC on milk fat are controversial.
Kitchen (1981) and Munro et al. (1984) reported that
the concentration of total fat in mastitic milk is lower
than that in normal milk. Conversely, an increase in
the fat content was found by Miller et al. (1983) in milk
from individual mastitic cows and by Mitchell et al.
(1986) in bulk milk with a high SCC compared with
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Figure 3. Plasmin (PL) activity in fresh cheese curd obtained from
ewe milk with low SCC (LSCC) and high SCC (HSCC) during early,
mid, and late stages of lactation. a,bMeans followed by different letters
differ at P < 0.05.

Figure 4. Plasminogen (PG) activity in fresh cheese curd obtained
from ewe milk with low SCC (LSCC) and high SCC (HSCC) during
early, mid, and late stages of lactation. a,bMeans followed by different
letters differ at P < 0.05.
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Figure 5. Urea-PAGE of plasmin activity in high SCC (HSCC)
ewe milk on sodium caseinate at pH 8.0 during lactation. Lane S
(standard): ovine sodium caseinate purified. Lanes 1 and 2: plasmin
activity at 0 and 24 h after incubation (early lactation). Lanes 3 and
4: plasmin activity at 0 and 24 h after incubation (midlactation).
Lanes 5 and 6: plasmin activity at 0 and 24 h after incubation
(late lactation).

normal milk. In the present trial, SCC did not influence
the milk fat content, which increased with the advance-
ment of lactation, probably because of the gradual re-
duction in the volume of milk secreted.

A lower lactose content was found in the HSCC milk
throughout lactation, in agreement with previous find-
ing (Shuster et al., 1991), which can be ascribed to a
partial substitution of lactose by other osmotically ac-
tive components (mainly chloride).

Polymorphonuclear leukocytes (PMNL) and lympho-
cytes were largely predominant in the HSCC milk, and
macrophages markedly increased during lactation;
these findings are consistent with previous observa-
tions (Kitchen, 1981) in cow milk. Verdi and Barbano
(1991) stated that increased levels of plasmin and pro-
teasis from PMNL and macrophages are responsible
for the enhanced proteolytic activity observed in the
milk produced by mastitic cows.

Several studies have documented that plasmin activ-
ity in milk increases with the rise in SCC (Politis and
Ng-Kwai-Hang, 1988; Saeman et al., 1988; Politis et
al., 1989) and the advancement of lactation (Politis et
al., 1989; Bastian et al., 1991). In the present experi-
ment, we found higher plasmin and PG activities in the
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Table 6. Least square means (± SEM) of chemical composition of whey from cheese-making of ewe milk
with low SCC (LSCC) and high SCC (HSCC) during lactation.

Effect

Effect

Stage of Stage of SCC × stage
lactation LSCC HSCC SEM SCC lactation of lactation

P
Fat, % Early 1.66a 2.32b

Mid 1.71a 3.69b

Late 3.48a 4.23b 0.01 *** *** ***
Lactose, % Early 4.75b 4.46a

Mid 4.25b 3.91a

Late 4.06b 3.94a 0.02 *** *** ***
CP, % Early 1.75 1.72

Mid 1.52a 1.76b

Late 1.72a 1.79b 0.02 *** *** ***
Casein, % Early 0.42 0.27

Mid 0.17 0.22
Late 0.26 0.23 0.11 NS NS NS

Whey protein, % Early 1.43b 1.27a

Mid 1.07a 1.25b

Late 1.16a 1.27b 0.01 *** *** ***

a,bMeans within the same row followed by different letters differ at P < 0.05.
***P < 0.001

HSCC milk than in the LSCC milk regardless of stage
of lactation. The higher values of the PG:PL ratio in
HSCC milk was mainly dependent on the PG activity
always being higher in HSCC milk than in LSCC milk,
probably because of an enhanced transport of PG from
blood to milk in the HSCC group. Our result suggests
that the role of SCC in PG activation is more important
than that played by the involution processes acting on
the mammary gland at the end of lactation. In the pres-
ent trial, PL activity was found to be higher in early
lactation than in mid and late lactation in the HSCC
group. This suggests, in agreement with the hypothesis
of Zachos et al. (1992), that the increment of plasmin
activity in milk, which is generally observed during the
later stages of lactation, is mostly dependent on the
SCC rise occurring at this time and less dependent on
the mammary involution related to stage of lactation.
Plasmin activity data were higher than data found for
ovine milk (Chiofalo et al., 1999). This result could be
at least partly explained by the higher SCC observed
in our study compared with the experiment of Chiofalo
et al. (1999). The very high PL activity found in the
HSCC group, in line with the very high SCC observed
in this group, lends support to this hypothesis.

The conversion of PG to PL is regulated by a complex
network of molecular interactions between PG activa-
tors and specific PG activator inhibitors (Politis, 1996;
Fantuz et al., 2001). It has been demonstrated (Verdi
and Barbano, 1991; Politis et al., 1991) that milk so-
matic cells can convert PG to PL and that milk macro-
phages produce urokinase-plasminogen activators in
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vitro. In the present experiment, we observed that an
increase in macrophage levels was associated with a
lower PG activity in early and late lactation HSCC milk;
on the contrary, lower values of macrophages coincided
with higher values of zymogens in midlactation. Based
on these results, we argued that low macrophage levels
might most likely determine low levels of PG activators
and, consequently, high PG activity. The highest values
of macrophage cells, at the end of lactation, were associ-
ated with the lowest PG and, unpredictably, PL activi-
ties. However, milk contains several broad-specificity,
plasma-derived proteinase inhibitors such as α2-anti-
plasmin and α2-macroglobulin (Fox, 2003). The drop in
PL activity in the HSCC milk suggests the possible
presence of PL inhibitors derived from blood stream
caused by the weakening of the tight junctions of the
mammary gland, which occurs in late lactation. This
hypothesis is strengthened by the PAGE analysis of the
plasmin activity (pH 8.0) on sodium-caseinate, which
shows a less intense proteolysis of β-CN in late lactation
than in midlacation and, especially, early lactation. The
combined effects of SCC, macrophage levels, and per-
meability of the mammary epithelium to plasma-de-
rived inhibitors may at least partly explain the highest
PL levels observed in the HSCC group during early
lactation. Bastian et al. (1991) showed that when SCC
does not exceed 300,000/mL, plasmin activity levels re-
main relatively low, and there is no correlation between
milk clotting parameters and plasmin activity. In our
experiment, the positive correlation between SCC and
PL and PG activities confirms that the increase of so-
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matic cells leads to an increase in PL activity and in
milk clotting time. Poor clotting properties are often
observed with late lactation milk (Bastian and Brown,
1996). In the present trial, milk coagulation features,
as well as PL activity, were markedly influenced by
milk SCC and by stage of lactation, to a lesser extent.

It has been demonstrated that the changes in cow
milk composition associated with a high bulk milk cell
count and stage of lactation can affect the quality of
cheese (Auldist et al., 1996). Cheese quality is greatly
influenced by levels of peptides and amino acids re-
sulting from proteolysis induced by indigenous enzymes
of raw milk. The principle proteinase in milk is the PL-
PG system that strongly influences cheese ripening. In
our study, PL and PG activities in fresh cheese curds
had a complex evolution during lactation. In any case,
PL activity was positively related to casein content in
fresh cheese curds after 24 h of aging. Thus, it may be
hypothesized that the higher the casein content, the
greater the amount of PG activators that remain bound
into the micelles and convert the PG to PL. It is well
known that PG and PG activators are associated with
casein micelles (Richardson, 1983). Accordingly, we ob-
served that the highest casein concentration was associ-
ated with the highest PL activity in late lactation LSCC
curds. The fact that the lowest PL activity in the HSCC
curds was observed in early lactation together with the
highest casein concentration may seem to be in conflict
with previous considerations. However, there is evi-
dence that plasmin is less active in low-pH cheeses
(Nielsen, 2003); our results suggest that, at the begin-
ning of cheese aging, a pH value of 4.8 may reduce the
activation of PL enzyme despite the casein content.
These findings are consistent with those of Bastian and
Brown (1996), who observed that a part of PL associated
with the casein, which is inactive (or inactivated) at
low pH values, may be activated as pH increases dur-
ing ripening.

The higher PG activity observed in the LSCC curds
than in the HSCC curds during mid and late lactation
suggests that cheeses manufactured from milk with a
low SCC had a higher proteolytic potential than cheeses
made from milk with elevated SCC.

Lawrence et al. (1993) demonstrated that pH and
calcium content of cheese are interdependent and in-
fluenced by a variety of parameters during cheese-mak-
ing. In the present study, we found that calcium levels
matched with pH values in fresh curd cheese 24 h after
production. This may be ascribed to the fact that high
pH values at draining enhance the retention of miner-
als, mainly calcium, in the cheese curd.

On the whole, SCC content influenced the fresh
cheese curd quality in terms of moisture and fat content.
The LSCC milk improved the quality of Canestrato
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pugliese cheese through a reduction in the moisture
content and an increase in the fat content with an ex-
pected improvement of its sensory attributes during
ripening. Data on whey composition showed a higher
ability of the casein matrix to include fat globules in
the LSCC curd than in the HSCC curd.

CONCLUSIONS

The enzymatic activity in ewe milk and fresh cheese
curd was markedly influenced by the milk SCC, inde-
pendent from stage of lactation. Results suggest that
PL activity is probably dependent on PG activators re-
leased by milk macrophages. Nevertheless, the SCC
is not the only parameter for predicting PL and PG
evolution in ewe milk, because of a complex network of
molecular interaction between enzyme activators and
inhibitors. The present experiment also demonstrates
that Canestrato pugliese curds manufactured from
milk with low SCC have a higher proteolytic potential
than curd made from milk with elevated SCC, which
can contribute to amelioration of cheese sensory attri-
butes during ripening.

Nevertheless, further investigations are required on
this topic to identify the proteolytic patterns of Comi-
sana ewe milk to ameliorate its cheese-making effi-
ciency.
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