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Abstract

Total protein and protein fractions were determined in serum and
milk samples collected from 60 dairy buffaloes suffering from clinical
mastitis. Lactose, calcium, phosphorus, magnesium, potassium, sodium
and chloride contents in milk samples were also detected. The results of
this study showed that, during progressive mastitis, serum total pro-
teins, albumin and B-globulins were significantly decreased, while, o and
d-globulins were increased. Milk protein was decreased when somatic cell
count reached 2.22 + 0.0045 million cell/ml or more. Casein content
was diminished and levels of whey proteins were increased as a conse-
quence of mastitis. Although total casein percentage was dropped, the
results diversed in fractions where a marked increase was observed in K
casein fraction. The percentage of immunoglobulins and serum albumin
in mastitic milk became several times higher in comparison with those in
healthy buffaloes milk.

The lactose level in mastitic milk was significantly reduced. sodi-
um and chloride more concentrated in mastitic milk and the amounts of
calcium, phosphorus, magnesium and potassium were decreased consid-
erably. Generally, the quantity and quality of milk were greatly affected
by the degree of udder inflammation which, in turn, affected the pro-
cessing properties of milk and its nutritive value.

INTRODUCTION

Despite extensive research and control efforts, mastitis remains a major problem
for dairy industry (Alenichkina et al., 1993).

Mastitis is a complicated disease having different causes (microbial, improper nu-
trition or husbandry, or sudden change in temperature). It also has different degrees of
intensity and variations in duration and residual effects. Mastitis exists in different
forms with regard to the etiologic agent and mechanism of pathogenesis. Each type of
mastitis can result in different gradations of response depending on the severity and
the extent of the inflammation, thus, changes from the normal composition of milk may
be slight or severe (Shuster, 1991). The economic aspect of this problem is highly im-
portant as it causes great losses in dairy products due to diminishing in milk and fat
production (Sandholm et al., 1995).



1738 BIOCHEMICAL CHANGES IN SERUM AND MILK

This work was carried out to evaluate the quality of mastitic milk through esti-

mation of some biochemical parameters at different degrees of mastitis.

MATERIALS AND METHODS

Milk samples were collected aseptically together with blood samples from 60 cli-
nically mastitic dairy buffaloes at Ismaillia Province. Blood and milk samples were aiso
collected from ten clinically normal dairy buffaloes and used as control group. Isolation
and identification of the bacterial etiological agents were carried out on milk samples
according to Cruickshank et al. (1975) and Quinn et al. (1994). Milk samples were clas-
sified according to the degree of inflammation into 3 stages: mild, moderate and pro-
gressive stages. Milk samples were also subjected for the following chemical and cy-
tological examinations:

1- Milk total protein was estimated according to Oser (1979).

2- Electrophoretic analysis : serum and milk proteins were electrophoretically
fractionated using cellulose acetate membrane and veronal buffer (pH 8.3, ionic
strength 0.05) at 200v. for 30 minutes. The strips were stained with ponceau S dye
(Mhatre et al., 1962, Henry et al., 1974).

3- Cytological examination : the somatic cell count (SCC) was carried out accord-
ing to IDF (1984).

4- The sera were separated from blood samples and analysed for total serum
protein according to King and Watton (1959).

5- Serum protein fractions were separated and measured by electrophoresis us-
ing cellulose acetate strips according to Henry et al. (1974).

6- Lactose content in milk determined as described by Ling (1963).

7- Determination of electrolytes : calcium was estimated using the procedure of
Glindler and King (1972), and phosphorus according to Kilching and Freiburg (1951).
Sodium and potassium were measured using flame photometer, while, magnesium and
chlorides were determined according to Oser (1979).

8- Statistical analysis of the data was performed after Milton and Tsokos (1983)
to asses the significance of difference between means of controls (normal dairy buf-
faloes) and mastitic animals using "t" test.
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RESULTS AND DISCUSSION

The bacteriological examination revealed isolation of Staphylococcus aureus
(81%), Staphylococcus epidermidis (30%), streptococcus agalactiae (15%), Coryne-
bacterium pyogenes (5%) and Streptococcus dysgalactiae (4%) for single infection
Streptococcus agalactiae with Staphylococcus aureus (10%) and Streptococcus
agalactiae with Escherichia coli (5%) for the mixed infection.

Reduction in milk yield was one of the apparent symptoms of mastitis. The re-
duction in milk yield depends on the degree of inflammation which can be estimated
from the somatic cell count in milk (Sandholm et al., 1995). Results of this study
showed a significant increase in the somatic cell count as the degree of inflammation
increased, where, it was 0.12 + 0.0024 million cell/ml in mild cases of mastitis, 2.22
+ 0.0045 million cell/ml in moderate cases and 10.51 + 0.014 million cell/ml in pro-
gressive cases of mastitis as compared with 0.11 + 0.0024 million cell/ml in milk of
normal buffaloes. These results agreed with those reported by Andrews (1983) as he
mentioned that milk quantity decreased linearly in relation to the logarithmic value of
the cell count. He also reported that somatic cell count reflected the changes which
occurred in the composition of milk protein, and this agreed with the results of this
work as milk protein did not decrease until somatic cell count was 2.22+ 0.0045
million cell/ml (Table 1). The significant increase in somatic cell count may be due to
influx of neutrophil granulocytes from the circulatory system (Sandholm et al., 1995).
Also, the results of this work revealed that the proportion of casein was generally di-
minished and the proportion of whey proteins increased as a consequence of mastitis
(Table 1).

Although the total casein content was significantly decreased, the results for
casein fractions showed a significant increase in the percentage of K-casein fraction as
the degree of inflammation increased.At the same time, there was a significant de-
crease in the percentages of o and B casein fractions (Table 1). These results agreed
with those reported by Alenchkina ef al. (1993) and Sandholm et al. (1995). The in-
crease in the K casein fraction was a consequence of the decomposition of other case-
ins (Sandholm et al.,, 1995). The decomposition of caseins resulted from increased
proteolytic activity rather than from disturbances of secreation (Andrews, 1983 and
Shuster et al., 1991). The amount of whey proteins was increased considerably in line
with the degree of inflammation (Table 1), where, many of whey proteins originated
from blood, and their filtration into the mammary gland was increased as the inflamma-
tion proceeded (Sandholm et al., 1995).
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The percentages of immunoglobulins and serum albumin were several time high-
er as compared with those in healthy buffaloes milk, while, the percentages of B-
lactoglobulin and o-lactalbumin were significantly droped in moderate and progressive
cases of mastitis (Table 1). On the other hand, the percentages of proteose peptons
and lactoferrin were increased in mastitic milk. These results agreed with those report-
ed by Munro et al. (1984) and Shuster et al. (1991). These changes in protein compo-
sition of milk induced by mastitis could be attributed to the inflammatory reaction,
where, the permeability of the blood vessels increased resulting in the passage of ions
and proteins from blood to milk. Also, inflammatory cells moved from blood to miik,
the epithelial cells which produced milk became less efficient, cells broke down and en-
zymes were released, leading to interruption of casein synthesis by cells of milk alveoli.
On the other hand, leakage of blood plasminogen into milk, and subsequent activation
of plasmin into the proteolytically active form which broke down casein gave the seri-
ous appearance of milk (Kaartinen et al., 1988, Shuster et al., 1991 and Sandholm et
al., 1995).

The significant elevation in the immunoglobulins and serum albumin percentage
in mitk may be attributed to their infiltration form blood to milk at higher levels due to
the increase in the permeability of blood vessels as a consequence of inflammation
(Sandholm et al., 1995).

Alenichkina et al. (1993) mentioned that, during mastitis immunoglobulins were,
not only transferred from blood plasma, but also synthesized in mammary gland tis-
sues. Kaartinen et al. (1988) and Knight (1991) mentioned that cytokines are peptide
mediators released from activated macrophages, T-lymphocytes and endothelial cells
during inflammation. These cytokines regulate the protein synthesis of the liver during
the acute phase of inflammation; the liver produces acute phase protein which binds
harmful molecules and debris produced after tissue damage (including proteases, hae-
moglobin and DNA fragments ). During acute phase of inflammation, liver increases the
production of some proteins at the expense of others including albumin. Liver shifts
from production of one protein to another, where the production of the positive acute
phase proteins (haptoglobulin, o-protease-inhibitor, fibrinogen, ceruplasmin, o -acid
glycoprotein and amyloid A) increases, and the production of negative one decreases
including prealbumin, albumin and transferrin. These findings agreed with the results of
this study, where, serum electrophoresis showed a significant decrease in the albumin
and B-globulin. On the other hand, a significant elevation in alpha and gamma globulins
was noticed (Table 2).
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The results of the present study showed also that the lactose content in mastit-
ic milk was significantly reduced; sodium and chloride became more concentrated. The
levels of calcium, phosphorus, magnesium and potassium were significantly reduced
(Table 3). The decrease in lactose content may be due to reduction in the concentra-
tion of a-lactoalbumin which is necessary for the biosynthesis of lactose (Kaartinen et
al.,, 1988). The decrease in lactose level was leading to disturbance in the somatic
balance between milk and blood. To maintain the balance, sodium and chloride ions
were filtered from blood to milk and their contents were increased greatly beyond their
normal levels (Sandholm ef al., 1995).

The mineral and trace elements of milk change during mastitis, and this change
affects the processing properties of milk and its nutritive value (Webb et al., 1983).
During mastitis, the selective ability of the udder epithelium to concentrate ions is
weakened and the passive permeability increases. As a consequence, the salt concen-
trations in blood and milk baiance are in such a way that sodium and chloride become
more concentrated, and the amounts of calcium, phosphorus, magnesium and potas-
sium decrease considerably (Sandholm et al., 1995). The curdle ability of milk is weak-
ened by the reduction in the absolute quantity of calcium and phosphorus and the
change in their ratios (Munro et al., 1984). The change in lactose and salt balance also
reduces heat tolerance of milk and organoleptic properties (Sandholm et al, 1995).
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Table 3. Some minerals, electrolytes and lactose level in normal and mastitic milk.

Parameter Animal

Healthy Progressive masitic
Ca (mg/100ml) 120.8 + 0.96 78.6 £ 0.4 ***
P (mg/100ml) 107.2+ 1.05 58.2+ 0.8 ***
Ca/P ratio 1.27 £ 0.01 135+ 0.015 ***
Mg (mg/100ml) 145+ 0.4 6.8 £ 0.32 ***
K (mg/100 ml) 130+ 1.2 100+ 0.9 ***
Na (mg/ 100 ml) 28.4+ 0.3 62+ 0.9 ™"
CI (mg/ 100 ml) 90.5+ 1.1 148 £ 1.3 ***
Lactose (gm/ 100ml) 3.7+ 0.14 2.4+ 0.11 ™"
Mean + SE.
Significant at:
* P <0.05.
= P=i9.01,

*** P < 0.001.
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