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:هدف از فرايند حرارتی

:تضمين سلامت مصرف کننده -1
Coxiella burnetii
Mycobacyerium tuberculosis
Staphylociccus aureus
Listeria monocytogenes,
Salmonella species
Campylobacter jejuni

:پاتوژن های مقاوم به حرارت ممکن است
 در شير وجود نداشته باشند )Bacillus anthracis(،
  يا به دليل رشد ساير گونه ها فرصت رشد نمی يابند)Clostridium perfringens(،
  يا در شير رشد نمی کنند)Clostridium botulinum(،
  يا در تعداد زياد ايجاد مسموميت يا بيماری می نمايند)Bacillus cereus(

 
افزايش عمر نگهداری -2
ايجاد خصوصيات ويژه در برخی محصولات -3
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CHANGES CAUSED BY HEATING:

 Reversible or irreversible
Reversible: mutarotation equilibrium of lactose and changes in ionic equilibriums, 
including pH

Chemical and Physical Changes:
Gases, including CO2, are partly removed
The amount of colloidal phosphate increases and the [Ca2+] decreases
Lactose isomerizes and partly degrades to yield, for instance, lactulose and
organic acids
milk pH decreases
Most of the serum proteins are denatured
Part of the serum protein (especially of β-lactoglobulin) becomes covalently
bound to κ-casein and to some proteins of the fat globule membrane.
Enzymes are inactivated
Reactions between protein and lactose occur, Maillard reactions in particular
 Casein micelles become aggregated. Aggregation may eventually lead to
coagulation
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Several changes occur in the fat globule membrane, e.g., in its Cu content
Some vitamins are degraded

Consequences:
 Bacterial growth rate of the organisms surviving, or added after heat 
treatment, can be greatly affected, generally increased:

IgM (agglutinin)                  Bacillus cereus   
lactoperoxidase system                   lactic acid bacteria
Lactoferrin                    Bacillus stearothermophilus
Bacteriophages can be inactivated, depending on the heating intensity

Nutritive value decreases
The flavor changes appreciably
Color may change 
Viscosity may increase slightly 
Heat coagulation in evaporated milk                     serum protein is denatured 
before concentrating
Age gelation in sweetened condensed milk is also reduced when the milk is 
intensely heated before concentrating.
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The rennetability of milk and the rate of syneresis of the rennet gel 
decrease (serum proteins bound to k-casein)
Creaming tendency of the milk decreases
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Cross-linking 
in or between 
petides

With serum 
denaturation
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Denatuation of serum proteins

Unfolding in peptide chains (temperature 80 °C): reaction in or between 
side groups chains                       preventing refolding

These changes happen for serum proteins specially BLG, ALA, serum 
albumin, Immunoglubolins.
Proteose peptones do not denatured (caseins)
At high temperature, thiol group react with –s-s- groups               Dimer, 
trimer, tetramer, ….

In milk during heating: BLG react with k-casein                      casein micells 
cover with BLG (depending on pH)

Whey proteins show different thermal stabilities: alpha-lactalbumin > 
betalactoglobulin> bovine serum albumin > immunoglobulins.



Influence of pH on the effects of heating on proteins. (A) Percentage of the
proteins that become precipitated after heating whey for 10 min at 80°C. (B)
Amount of protein that remains in solution, i.e., not associated with the casein
micelles, after heating milk (—) or serum protein free milk (----) at 140°C.
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FIGURE 7.4 Simplified scheme of reactions occurring with lactose during the heating of milk 
at sterilization temperature. R stands for a peptide chain, Cn for an organic compound 
containing n carbon atoms.
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FIGURE 7.7 Model for the effect of initial pH on the type of casein micelle emerging at high temperature and
thereby on the heat coagulation time (HCT) of milk. coll = colloidal aggregation, chem = chemical reaction
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FIGURE 7.8 Heat coagulation at 120°C of concentrated skim milk at various initial pH. The upper row shows
the appearance of the casein micelles (derived from electron micrographs) at the moments indicated by
arrows, i.e., shortly before heat coagulation. The HCT is indicated by a vertical broken line. The second row
gives the turbidity (t) as a function of heating time, the lowest row the apparent viscosity (ha). t and ha were
determined in situ, i.e., at 120°C. Approximate results.
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FIGURE 7.9 Combinations of temperature (T) and
time (t′) of heat treatment of milk that cause (A,
B) inactivation (reduction of activity to about 1%)
of some milk enzymes and a bacterial lipase; (C)
the killing (reduction of the count to 10−6) of
strains of the bacteria Pseudomonas viscosa,
Mycobacterium tuberculosis, Listeria
monocytogenes, and Microbacterium lacticum,
and of spores (10−4) of Bacillus cereus and B.
stearothermophilus; (D) visible heat coagulation
(HC), a certain degree of browning, decrease in
available lysine by 1%, a distinct cooked flavor and
inactivation of cold agglutination; (E)
insolubilization of 1%, 30%, and 90% of the β-
lactoglobulin, and of 30% of the α-lactalbumin
(----). Approximate results.
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Kinetic aspects of milk heat treatment
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