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Summary  
 

The milk and the somatic cells present a series of enzymes, which play a leading 
part in indication of the mammary gland resistance or susceptibility for pathogenic 
microorganisms’ infections. The aim of this study was to point out the presence and the 
variations of some enzymes activity in somatic milk cells proceed from of healthy and clinical 
mastitis infected cows. The presence and the enzymatic activity variations were appreciated 
after the application of three histological enzymatic reactions on normal and abnormal milk 
smears, respectively: Dorfman-Epstein (for alkaline phosphatase), P.A.S. (for 
carbohydrates) and Sato (for peroxidase activity). The histological stain methods showed 
that not always the increase of the somatic milk cells number and the render evident of the 
enzymatic activities represents a bad sign. On the contrary, in certain circumstances, these 
changes may represent a very pronounced general reactivity, which can reduce the 
tendency of some pathogenic microorganisms’ multiplication, in the udder. 
 

It is very well known that the mastitis produce substantial changes of the 
milk compositions, which affect its quality and biological value. In the same time, 
these changes are very useful as diagnostic tools of the disease. Mastitis can be 
defined as an increase in somatic cell count (SCC) above a certain “physiological” 
threshold. In the past, bulk tank SCC was determined to assess the level of 
infection in a herd. However, determination of milk SCC from individual cows or 
even individual quarters is far more relevant. Until now, only the concentration of 
somatic cells in milk received attention. However, recent advances in the 
immunology and physiology of the bovine mammary gland have provided tools for 
studying subpopulations of milk somatic cells and their function. 

 
Materials and methods 

 
The milk smears were made exactly like the blood smears, without the 

defatted step, which can have a negative influence on the enzymatic activities.  
After these preparations, the milk smears were dyed with the selected stain 

methods and mounted for microscopy.  
For Dorfman-Epstein method, the stain steps of the milk smears were 

made in the following order: the milk smears were fixated on 80% alcohol, for 24 
hours; after the fixation period, the milk smears were rinsed in one bath with 
distilled water and incubated in a first solution (25 ml sodium medinal + 25ml 
sodium beta-glycerophosphate, 5 ml calcium nitrate, 2 ml magnesium sulphate and 
50 ml distilled water); after the incubation period, the milk smears were 
successively rinsed in the following bath solutions: distilled water, for 3 minutes, 
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calcium nitrate solution, for 2 minutes, iron sulphate, for 5 minutes and washed in 3 
baths with distilled water; the coloring steps were made using the second solution 
(4 g potassium iron cyanide + 80 ml distilled water and 0.4 ml hydrochloric acid), for 
1 minute and 1%eosin, for 5 minutes; finally, the milk smears were mounted for 
microscopy. 

For P.A.S. method, the stain steps of the milk smears were made in the 
following order: the smears were rinsed in a periodic acid bath, for 20 minutes, in 
dark condition and washed in distilled water; after that, the smears were rinsed in 
80%alcohol, for 3 minutes and stain with Subici solution (0.5g alkaline fuxine + 80 
ml 96%alcohol + 20 ml hydrochloric acid + 100 water), for 30 – 35 minutes; the milk 
smears were successively rinsed in the following bath solutions: sulphurous water 
(three baths, for 3 minutes each), distilled water (two baths) and colored with 
hematoxilin, for 8 minutes; finally, the milk smears were mounted for microscopy. 

For Sato method, the stain steps of the milk smears were made in the 
following order: after a rapid drying period, the milk smears were rinsed in 0.3% 
cupper sulphate solution made in 0.1% acetic acid and washed in distilled water; 
the milk smears were rinsed in benzidine solution with an addition of 0.2% 
oxygenated water; the coloring step was made with safranin solution, for 30 
seconds; after, the washing step with distilled water, the milk smears were mounted 
for microscopy  
 

Results and discussions 
 

Alkaline phosphatase is an enzyme which requires an alkaline medium for 
its activity. Although the alkaline phosphatase evident part is still unknown, this 
enzyme is bounding at the cells membrane. In this way, if the integrity of the cells 
membrane is affected, these enzymes diffuse in the extra cellular and intracellular 
matrix. Also, the alkaline phosphatase is an organic catalyser, which regularly 
appears in all fresh foods, including the raw milk. The enzymes majority is inactive 
or presents a diminished activity, when the milk is pasteurized. The first enzymatic 
test, with a high sensitivity and sensibility, which was utilized for pasteurization 
efficiency evaluation, was developed in 1993, by some researchers (Kay and 
Graham) from England. This test was based on alkaline phosphatase inactivation. 

In our study, after the Dorfman-Epstein method application on the milk 
smears, the presence and the place of enzymatic activity in the somatic cells were 
demonstrated by the blue color occurrence. Also, we observed that alkaline 
phosphatase present enzymatic activity in the somatic milk cells proceed from of 
healthy and clinical mastitis infected cows (Fig. 1a, b). In consequence, the 
somatic milk cells membrane was unaltered. However, the analysis of the smears 
proceed from mastitic milk revealed that the leucocytes had a diminished activity of 
the alkaline phosphatase, near de zones where the bacterial agents (streptococci) 
were present. This fact can be translated through the leukocytes membrane 
alteration, followed by the unbinding and the releasing of the enzyme in the extra 
cellular matrix. This observation is in according with the international data, which 
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reported that the quantity and enzymatic activity of the alkaline phosphatase are 
increasing in the mastitic milk, therefore its measurement can constitute an 
indicator for identify an infectious process in mammary gland.  

By the P.A.S. method, we wished to point out the glycogen presence in 
the neutrophils cytoplasm and in the nucleus of all somatic milk cells. For this 
option, we had in view those cytoplasmatic glycogen granules of the neutrophils 
represent the main source or energy for the phagocytosis. In other words, the 
optimal initiation and development of the phagocytosis depend on glycogen 
reserves, which represent a limiting factor. 

Once complement components and immunoglobulins bind to receptors on 
the neutrophils surface, the cell becomes activated and generation of the oxidative 
burst is initiated. This response is followed by increased oxygen consumption and 
hexose monophosphate activity and is called the “respiratory burst”. The oxygen 
and oxygenated water, which appeared at the cellular surface of the bovine 
neutrophils interacted with phagosome membranes in view to form hydroxide 
radicals and singlet oxygen. Hydroxyl radicals, including those generated by 
ionizing radiation, kill bacteria and represent the major component of the 
neutrophils bactericidal arsenal.  

In our study, after the P.A.S. method application on the normal and 
abnormal milk smears, the structures which contained oxidative carbohydrates 
appeared in magenta red. The analyses of the smears proceed from normal and 
mastitic milk revealed the carbohydrates presence in somatic milk cells, which 
were, in consequence, active (Fig. 2 a, b). 

 

   
 

 

 

 
 

Fig. 1 a: Normal milk smear. Enzymatic 
activity of alkaline phosphatase in somatic 
milk cells. Dorfman–Epstein stain X1000 

Fig. 1 b:Abnormal milk smear. Enzymatic 
activity of alkaline phosphatase in somatic 

milk cells (→); Streptococcus spp. (→). 
Dorfman–Epstein stain X1000. 
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In the same time, when the phagosome containing ingested 
microorganisms fuses with primary or azurophil granules of neutrophils, a group of 
enzymes called peroxidase, especially myeloperoxidase, is released. This enzyme 
catalyzes formation of hypochlorite, an oxidizing agent from chlorine and 
oxygenated water. 

Myeloperoxidase plays an important role in host defense against bacterial 
pathogens and seems to protect against sepsis in vivo by producing halogenating 
species. 

In our study, after the Sato method application on the normal and abnormal 
milk smears, the presence and the place of enzymatic activity in the somatic cells 
were demonstrated by the blue color occurrence. The analyses of the smears 
proceed from normal and mastitic milk revealed that the somatic cells present 
enzymatic activity. This fact can be translate through that the defense mechanisms, 
respectively the phagocytosis and intracellular killing of bacteria, were functional. 
Also, from the quantity point of view, the mastitic milk somatic cells present an 
intense enzymatic activity of peroxidases in compare with those proceed from 
normal milk (Fig. 3 a, b).  

 

Fig. 2 b: Normal milk smear. Carbohydrates 
presence in somatic milk cells. P.A.S. stain  

X1000. 
 

Fig. 2 b: Abnormal milk smear. 
Carbohydrates presence in somatic 

milk cells. P.A.S. stains X1000. 
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Conclusions 

 
1. The alkaline phosphatase present enzymatic activity in the somatic milk 

cells proceed from of healthy and clinical mastitis infected cows. In 
consequence, the somatic milk cells membrane was unaltered. The 
quantity and enzymatic activity of the alkaline phosphatase are increasing 
in the mastitic milk, therefore its measurement can constitute an indicator 
for identify an infectious process in mammary gland. 

2. The analyses of the smears proceed from normal and mastitic milk 
revealed the carbohydrates presence in somatic milk cells, which were, in 
consequence, active. 

3. The mastitic milk somatic cells present an intense enzymatic activity of 
peroxidases in compare with those proceed from normal milk, which can 
be translate through that the defense mechanisms, respectively the 
phagocytosis and intracellular killing of bacteria, were functional. 

4. The histological stain methods showed that not always the increase of the 
somatic milk cells number and the render evident of the enzymatic 
activities represents a bad sign. On the contrary, in certain circumstances, 
these changes may represent a very pronounced general reactivity, which 
can reduce the tendency of some pathogenic microorganisms’ 
multiplication, in the udder. 

 
 
 
 
 
 
 

Fig. 3a : Normal milk smear. Peroxidase enzymatic 
activity in somatic milk cells.  

Sato stain X1000. 

 

Fig. 3 b: Abnormal milk smear. Peroxidase 
enzymatic activity in somatic milk cells 

(→);Streptococcus spp. (→). 
 Sato stain X1000. 
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