
LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLIII (2), 2010, TIMIŞOARA 
 

 228   

RESEARCH CONCERNING THE MAIN FACTORS  
THAT INFLUENCE THE FREEZING POINT VALUE OF MILK 

 
L.I. ILIE, L. TUDOR, ANCA MARIA GALIŞ  

 
Faculty of Veterinary Medicine Bucharest 

Splaiul IndependenŃei No. 105, District 5, Bucharest, Romania 
E-mail: drlucianilie@yahoo.com 

 
Summary 

 
The measurement of freezing point value of milk represents an official method to 

detect the adulteration by adding water. Recent investigation showed that even the standard 
value of -0.550oC could be too low to play this role, due to the fact that the most frequent 
average values are comprised between -0.535 and -0.545oC, especially for authentic milk, 
but too high for commercialized milk.  

The base of this study is represented by the observations realized on the 
commercial milk in Romania, the values for the freezing point being unexpectedly high in 
comparison with the standard value. The main purpose of this study was to determine the 
freezing point of (a) milk directly from the cow or herds, before thermal processing and (b) 
milk from the market, already subjected to thermal processing. In addition, we studied the 
possible factors which could affect the freezing point value of milk, during the technological 
operations from the dairy plants.  
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The freezing point indicates the temperature at which the milk freezes, this 

indicator being conditioned by the osmotic pressure of milk, the molecule and ions 
concentration, especially the whey content of lactose and chloride. 

The freezing point decreases when cattle present mastitis, when mineral 
salts are added to milk and the cases in which milk suffers adulteration by adding 
water. This is the main reason that this parameter was introduced in quality 
standards for milk, in the integrity chapter.  

The technological operations in the milk production plants comprise a 
series of processes which affect more or less the structure and initial composition 
of milk, especially the thermal processing stage, which has a great impact.  

It is known that pasteurization, especially sterilization, affects the vitamin 
and protein content of milk, due to applying very high values of temperatures, in a 
short period of time. This study had the main objective of investigating the way in 
which every step of the processing operations affects the freezing point of milk.  

 
Materials and methods 

 
In order to measure the freezing point of milk, a series of samples were 

obtained at the farm level, during transportation and at the initial reception of milk in 
the dairy plant (60 samples), from different points in the technological stages (70 
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samples) and from the market shelves (70 samples), with a total of 200 samples, 
each 3 days, for a whole month.  

The analysis of physico-chemical parameters of milk was realized with 
EcoMilk Ultrasonic Analyzer. This device performs rapid multi-parameter analyses, 
measuring in a single session the fat percentage, the protein content, the solids-
non-fat quantity, lactose, density, added water percentage, pH, temperature, 
electrical conductivity and freezing point for cattle, sheep, goat and buffalo milk.  

After collecting the samples, these were introduced to refrigeration and 
transported immediately to the laboratory, in order to be analyzed in maximum 24h.  

 
Results and discussions 

 
The correlation of freezing point value with the added water content 
From each group there have been selected 20 samples in order to analyze the 

way in which added water is correlated with the freezing point of milk. For each of the 
total 200 samples analyzed (for each 3 days a number of 20 samples collected x 10 
collection times = 200 samples as a total), the added water was absent. After 
performing this analysis, a second analyst added a random quantity of water (a value 
unknown to the main analyst) on a number of 5 samples from each collection time (50 
samples in total), and after performing the analysis, the quantity of added water was 
correlated precisely with the added water value percentage detected by the device.  

The raw milk freezing point value 
The individual samples were collected from different breeds of dairy cows, 

from the same breeding unit. The colostrum and the milk obtained from cows with 
mastitis were excluded from this study, due to the fact that these types of milk are 
not considered normal.  

Each individual sample had a quantity of 20 ml. In order to determine the 
freezing point, there have been selected dairy cows with a daily production of 
minimum 20 liters. The samples were obtained from the collection tank, 
immediately after milking, until the initiation of any processing activity. The average 
value for freezing point in this point was -0.548oC. The limit values were -0.533oC 
and -0.560oC. The average value is close to the standard.  

The average value in the farm was -0.548oC and at the reception point of 
the dairy plant, the measured value was of -0.533oC, this increment with -0.013oC 
indicating a minimum of 2% added water at this level. In table 1 there can be 
observed the specific values for each breed, and also the way that this average 
value of the freezing point decreases from a stage to the next one.  

The freezing point of milk during processing in dairy plants 
A series of new samples were collected from the dairy plant, from different 

points on the technological stages, in order to determine the effect of different 
processes and activities on the freezing point value of milk. In the dairy plants 
included in this study, milk suffered a series of operations, the points for sampling 
being selected by the analyst. The results (included in table 2) indicate the fact that 
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standardization and clarification operations had no significant effect on the value of 
freezing point, meanwhile pasteurization and homogenization had only a slight 
influence on this value, determining a relative increment of this parameter. 

 

Table 1 
The freezing point value of raw milk 

Freezing point 

Average Limits Sample source 
No. of 

samples 
(-) oC (-) oC 

Individual samples - breeds 

Holstein-Friesian crossbred 10 0.548 0.545-0.556 
Jersey crossbred 10 0.549 0.545-0.558 
Romanian Black Spotted  10 0.547 0.539-0.548 
Total/Average 30 0.548 0.539-0.558 

Raw milk reception 

Weighing tank - farm 10 0.547 0.542-0.549 
Transport tank 10 0.539 0.492-0.551 
Reception tank – dairy plant 10 0.535 0.528-0.542 
Total/Average 30 0.541 0.475-0.551 

  
While the milk was introduced in the balance tank, in filling stage, the 

freezing point value presented increases for average values from -0.525 to -0.514oC. 
In addition to these modifications, there haven’t been any other observations 
concerning milk transformations during the filling and sealing process.  

 

Table 2 
The values of freezing point of milk during processing in dairy plants 

Freezing point 
Sample source – 

technological stage 
Number of 

collected samples 
Average value 

(-) oC 
Limit values 

(-) oC 
Series 1 – Standardization and clarification 

Storage tank 5 0.547 0.538-0.550 
Standardization 5 0.545 0.535-0.550 
Clarification 5 0.546 0.531-0.550 
Series 2 – Pasteurization and homogenization 

Storage tank 5 0.541 0.521-0.548 
Pasteurization 5 0.539 0.522-0.544 
Homogenization  5 0.525 0.522-0.534 
Series 3 – Filling 

Homogenization 5 0.524 0.522-0.530 
Balance tank 5 0.521 0.517-0.526 
Filling device 5 0.520 0.516-0.525 
Series 4 – Bottling 

Initial moment  5 0.515 0.487-0.535 
Middle moment  5 0.513 0.494-0.533 
Final moment  5 0.510 0.485-0.535 
Milk in paperboard box 5 0.512 0.499-0.534 
Milk in glass bottles 5 0.517 0.494-0.532 
Total /Average 70 0.526 0.485-0.550 
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Among the technological operations, bottling had a noticeable impact on 
freezing point values to such a degree that the results showed a significant 
increase of average value of the freezing point from the data mentioned earlier to 
-0.517 and -0.512oC.  

Overall, the results showed that the freezing point values for bottled milk, 
paperboard box (-0.512oC) or glass (-0.517oC) were higher than the ones obtained 
for storage tank milk, before processing (-0.548oC). In this case, the differences of 
0,014oC and 0,019oC corresponded to approximately 2.8 and 3.8 % respectively 
added water during this operation. The freezing point value of pasteurized milk was 
higher than the one for storage tank milk, before processing. So, data showed a 
difference of 0.004oC between the moment before pasteurization and the one after 
this operation, this value being correlated with a 0.8% added water. 

The freezing point of milk samples from market shelves 
A number of 70 samples were collected in 7 food stores, comprising 3.5% 

fat content milk, 1.5% fat content milk, 0.1% diet milk, in paperboard boxes or glass 
bottles. From these samples, we obtained separated values for each type of 
packages (table 3).  

 
Table 3 

The freezing point values for milk samples collected from food stores 
Freezing point 

Type of milk Number of collected 
samples Average value 

(-) oC 
Limit values 

(-) oC 
Milk in paperboard boxes 

3.5 % 14 0.532 0.439-0.549 
1.5 % 14 0.535 0.496-0.548 
0.1 % 14 0.531 0.491-0.542 

Milk in glass bottles 

3.5 % 14 0.536 0.439-0.549 
1.5 % 14 0.529 0.492-0.545 

Total/ Average 70 0.532 0.439-0.549 
 

All the 70 samples collected from the seven food stores (from each store 
we collected 10 samples) did not show any significant transformations considering 
the values of the freezing point. The total average value for all the samples was -
0.532oC, and the limit values were comprised between -0.439 and -0.549oC. The 
whole milk values were the closest to standard as an average value, but one of 
them presented the value of -0.439oC (which indicated a very high percentage of 
added water – 20.3 % – the other ones being included under the maximum limit 
value of 0.2%).  

The average value for whole milk freezing point was the same with the one 
of homogenized milk and this could be regarded as a very good result.  

The paperboard box milk presented an average freezing point value of -
0.532oC, the same with the one for glass bottles, so a significant difference 
between these two categories was not present.  
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The connection between the freezing point value, the total dry matter 
content and solids-non fat content of milk 

Although there are no details of these results in other similar studies, table 
4 and fig. 1 (containing data obtained during this study) show a general correlation 
between the content of solid substance and solids-non fat and the freezing point 
value for the milk found on the market and milk in which random quantities of water 
have been added. The correlations included here cannot be used to establish the 
adulteration of milk with water.  

 
Table 4  

The correlation between the freezing point value, added water, solids non-fat 
and solid substances of milk 

Freezing point 

Limits Average values 
Added water SNF Total dry matter 

Number of 
samples 

 (-) oC % (av.) % (av.) % (av.) 
40 0.549 - 0,540 0.543 1.7 8.92 13.05 
55 0.539 - 0.530 0.538 2.3 8.88 12.85 
43 0.529 - 0.520 0.527 5.6 8.71 12.61 
35 0.519 - 0.500 0.515 7.1 8.53 12.38 
17 0.499 - 0.485 0.494 11.8 8.06 11.70 
10 0.441 - 0.428 0.437 19.2 7.68 11.21 
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Fig. 1. The correlation between the freezing point value, added water,  

solids non-fat and total dry matter in milk 
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During this investigation, the average value of freezing point was -0.548oC, 
obtained for milk collected from farm animals and compared with the standard 
value, of -0.550oC. With a content of maximum 3% added water, milk freezing point 
should increase to maximum -0.530oC. The limits for the freezing point value in 
farm were from -0.539oC to -0.558oC.  

The results of this study, obtained from different dairy plants near 
Bucharest, showed that the technological processing operations (standardization, 
clarification, homogenization and pasteurization), performed in an appropriate way, 
have no significant impact on the freezing point values.  

The inappropriate production practices which determine the qualitative 
devaluation of this parameter are: 

(a) the admission of an unknown quantity of water which circulates in the 
initial stage of pasteurization; 

(b) the admission of an unknown quantity of water which circulates in the 
final stage of pasteurization; 

(c) the cleaning of the foam from the storage tanks before the final moment 
of bottling; 

(d) the retention of a certain quantity of water in the bottles and the filling 
equipment, before bottling.  

 
Conclusions 

 
The average value of the freezing point obtained by analyzing 10 groups of 

200 milk samples was -0.548oC, with limits between -0.539 and -0.558oC. The 
difference obtained by comparing this value with the standard shows an 
approximately 0.6 % added water.  

In the dairy plants, the average value of freezing point was -0.526, with 
limit values from -0.485 to -0.550oC. These values indicate a 1.5 % added water, 
when using as standard the value of -0.550oC. More than 80 % of the samples had 
values lower than -0.530oC. The freezing point values for storage tank milk 
samples presented values of -0.547oC, with limits of 0.538-0.550oC, showing a 
percentage of 2.5% added water. From the total number of samples collected in the 
study, only 55 % of them were comprised in the tolerance limits.  

The technological operation like standardization, clarification, 
pasteurization and homogenization, appropriately performed, didn’t determine an 
increase of the freezing point value.  

A general correlation was also discovered between the freezing point value, 
solid non-fat and total dry matter content, with different quantities of added water.  

 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLIII (2), 2010, TIMIŞOARA 
 

 234   

References 
 

1. Devold, T.G., Brovold, M.J., Langsrud, T., Vegarud, G.E., Size of native 
and heated casein micelles, content of protein and minerals in milk from 
Norwegian Red Cattle - Effect of milk protein polymorphism and different 
feeding regimes, Int. Dairy J., 2000, 10, 313-323. 

2. Formaggioni, P., Franceschi, P., Summer, A., Malacarne, M., Fieni, S., 
Mariani, P., Effects of the season and the herd on milk proteose peptone 
content and relationships with rennet-coagulation properties, Sci. Tec. Latt. 
Casearia, 2002, 53, 53-65. 

3. Gaucher, I., Mollé, D., Gagnaire, V., Gaucheron, F., Effects of storage 
temperature on physico-chemical characteristics of semi-skimmed UHT milk, 
Food Hydrocoll., 2008, 22, 130–143. 

4. Gaucher, I., Piot, M., Beaucher, E., Gaucheron, F., Physico-chemical 
characterization of phosphate-added skim milk, Int. Dairy J., 2007, 17, 1375-
1383. 

5. Lampert, L.M., The Freezing Point of Milk, J. Assoc. Offic. Agr. Chemists, 
1999, 22, 768. 

6. Mazerolles, G., Hanafi, M., Dufour, E., Bertrand, D., Qannari, E.M., 
Common components and specific weights analysis: a chemometric method 
for dealing with complexity of food products, Chemometr. Intell. Lab., 81, 
2006, 41-49. 

7. Milk Industry Foundation, Laboratory Manual Methods of Analyses of Milk 
and Its Products, pp. 180, 185, 228, 2004. 

8. O’Connell, J.E., Fox, P.F., The two-stage coagulation of milk proteins in the 
minimum of the heat coagulation time-pH profile of milk: effect of casein 
micelle size, J. Dairy Sci., 2000, 83, 378-386. 

9. O’Connell, J.E., Fox, P.F., Heat-induced coagulation of milk, in: Fox P.F., 
McSweeney P.L.H. (Eds.), Advanced Dairy Chemistry, 3rd edition, Kluwer 
Academic/Plenum Publishers, New York, USA, 2003, pp. 879-945. 

10. Paley, C., Tzall B. An Inquiry Into the Interpretation of the Freezing Point of 
Milk Obtained by the Hortvet Cryoscope and Relationship to Present Day 
Market Fluid Milk, 24th Ann. Rept. NY State Assoc. Milk Sanitarians., 2005. 

11. Yongue, N.E. What Do We Know About the Freezing Point of Milk? Milk 
Ind. Found. Cony. Proc., Lab. See. 2004. 

12. Walker, G.P., Dunshea, F.R., Doyle, P.T., Effects of nutrition and 
management on the prediction and composition of milk fat and protein: a 
review, Aust. J. Agric. Res., 55, 2004, 1009-1028. 


