
REVIEW 
 

 

Folia Microbiol. 53 (5), 378–394 (2008) http://www.biomed.cas.cz/mbu/folia/ 

Beneficial Health Effects of Milk and Fermented  
Dairy Products  –  Review 
L. EBRINGERa, M. FERENČÍKb,c, J. KRAJČOVIČa 
aInstitute of Cell Biology, Faculty of Science, Comenius University, 842 15 Bratislava, Slovakia  
bInstitute of Neuroimmunology, Slovak Academy of Sciences, 845 10 Bratislava, Slovakia 
cInstitute of Immunology, Faculty of Medicine, Comenius University, 811 08 Bratislava, Slovakia 
e-mail   ebringer@fns.uniba.sk 

Received 4 December 2007 
Revised version 9 April 2008 

   
ABSTRACT.  Milk is a complex physiological liquid that simultaneously provides nutrients and bioactive 
components that facilitate the successful postnatal adaptation of the newborn infant by stimulating cellular 
growth and digestive maturation, the establishment of symbiotic microflora, and the development of gut-asso-
ciated lymphoid tissues. The number, the potency, and the importance of bioactive compounds in milk and 
especially in fermented milk products are probably greater than previously thought. They include certain vita-
mins, specific proteins, bioactive peptides, oligosaccharides, organic (including fatty) acids. Some of them are 
normal milk components, others emerge during digestive or fermentation processes. Fermented dairy pro-
ducts and probiotic bacteria decrease the absorption of cholesterol. Whey proteins, medium-chain fatty acids 
and in particular calcium and other minerals may contribute to the beneficial effect of dairy food on body fat 
and body mass. There has been growing evidence of the role that dairy proteins play in the regulation of 
satiety, food intake and obesity-related metabolic disorders. Milk proteins, peptides, probiotic lactic acid bac-
teria, calcium and other minerals can significantly reduce blood pressure. Milk fat contains a number of com-
ponents having functional properties. Sphingolipids and their active metabolites may exert antimicrobial 
effects either directly or upon digestion.    

Abbreviations  
AA arachidonic acid  LA lactalbumin 
ACE angiotensin I-converting enzyme  LCPUFA long-chain oligounsaturated fatty acid(s) 
CLA conjugated linoleic acid LDL low-density lipoprotein 
DHA docosahexaenoic acid  LG lactoglobulin 
EGF epidermal growth factor  MCP monocyte chemotactic protein 
EPA eicosapentaenic acid M-CSF macrophage colony-stimulating factor 
FA(s) fatty acid(s) MCT medium-chain triglycerides 
FFA(s) free fatty acid(s) MFGM milk fat globule membrane 
GALT gut-associated lymphoid tissue  MIP macrophage inflammatory protein 
G-CSF granulocyte colony-stimulating factor  NGF nerve growth factor 
GIT gastrointestinal tract  NK natural killer 
HAMLET human α-lactalbumin made lethal to tumor cells  sIgA secretory immunoglobulin A 
HDL high-density lipoprotein  RANTES Regulated upon Activated Normal T-Expressed  
IFN interferon    and presumably Secreted chemokine 
Ig immunoglobulin  TGF transforming growth factor 
IGF insulin-like growth factor  TLR Toll-like receptor 
IL interleukin  TNF tumor necrosis factor 
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1 INTRODUCTION 

The health benefits of milk and fermented milk products have been known since medieval times. 
Drinking milk has taken the advantage of the extensive nutritional value not only to the child, but also to the 
adult and the elderly. The health benefits of dairy products are the result of biologically active components 
that are present in native milk and also, due to their suitably modulated activities produced through the action 
of probiotic bacteria, in the fermented or sour milk products. In addition to modification of several milk 
components the probiotics may act also directly as preventive agents, or in therapy of some contagious, ato-
pic, tumor or other severe diseases (Ferenčík and Ebringer 2003; Gill and Guarner 2004; Santosa et al. 
2006). The health-promoting effect of the prefermented functional foodstuffs materializes directly through 
interaction with consumed microorganisms (probiotic effect) or, indirectly, as a result of action of microbial 
metabolites generated during the fermentation process (biogenic effect). The most important biogenic meta-
bolites include vitamins, proteins, peptides, oligosaccharides, and organic acids, including FAs. 

In many cases, the health-promoting mechanisms of probiotic action are not sufficiently known. How-
ever, the majority of them are based on the positive effect they exert on the immune response, i.e. on their 
immunomodulatory activity (Isolauri et al. 2001; Biancone et al. 2002). In most cases, this is due to stimul-
ation of natural immunity (Newburg 2005; Galdeano and Perdigon 2006). In doing so they modulate pri-
marily the production of cytokines and antimicrobial peptides (Trebichavský and Šplíchal 2006). This is the 
mode of action of not just typical sour milk functional foodstuffs, such as sour milk, kefir or yoghurt (Meydani 
and Ha 2000; Farnworth 2005) produced by the food-processing industry, but also that of the diet supple-
ments containing the probiotic bacteria in pure form. However, the latter are the products of pharmaceutical 
industry and, in contrast to functional foodstuffs, they have a standard composition, and known immuno-
modulatory characteristics, verified both experimentally and in controlled clinical studies. In terms of their 
quality and efficiency they are also under regular pharmaceutical control. It will be therefore more precise to 
call them immunobiotics, in order to distinguish them from classical probiotics in functional foodstuffs 
(Clancy 2003). 

However, one major part of milk – whey, has traditionally not been paid as much attention as hap-
pened with sour milk, because it is a by-product of cheese making. During the Middle Age whey was consi-
dered not only as a medicine but also as a skin balm and an aphrodisiac. Whey proteins, namely α-lact-
albumin, β-lactoglobulin, lactoferrin, lactoperoxidase and serum albumin, possess important nutritional and 
biological properties particularly with regard to prevention of diseases. Antimicrobial, anticarcinogenic, 
immunostimulatory and other health-promoting activities of whey proteins have been recently reviewed by 
Madureira et al. (2007). Dairy products and their components, mainly whey, contribute to the regulation of 
body mass by providing satiety signals. Therefore, whey proteins have a potential as physiologically dairy 
components for a person with obesity and metabolic syndrome. High-protein dairy products and, in parti-
cular those that contain whey proteins, may reduce fat deposition and improve insulin sensitivity (Pfeiffer 
and Schrezenmeir 2006; Luhovyy et al. 2007; Dunshea et al. 2007). Dairy proteins and peptides also im-
prove the bioavailability of minerals and trace elements, such as calcium, magnesium, manganese, zinc, 
selenium and iron (Vegarud et al. 2000). 

2 MILK  AND  ITS  FUNCTION 

Human milk and milk from other mammals is a complex physiological liquid with multifaceted 
functionality in gastrointestinal tract (GIT), where it facilitates postnatal adaptation of a newborn child 
through stimulating the cell growth and the digestive tube maturation, formation of the symbiotic microflora, 
and the development of gut associated lymphoid tissue (GALT). It is a complex mixture of specific bioactive 
proteins, lipids and saccharides, which represent important signals regulating the development of GIT (Clare 
and Swaisgood 2000; Donovan 2006). Human milk is a means of communication between the mother and 
the newborn child, which reduces the risk of infection, and stimulates the function of mucosal immunity 
(Morrow et al. 2005; Newburg et al. 2005).  

Aside from the nutritious value consisting of basic proteins, lipids and saccharides, milk contains 
also numerous biologically active substances, such as immunoglobulins, enzymes, antimicrobial peptides, 
oligosaccharides, hormones, cytokines and growth factors (Clare and Swaisgood 2000; Donovan 2006; Pou-
liot and Gauthier 2006). An overview of the components present in human milk is shown in Table I. Several 
of them are direct components of the newborn immune system, and they help to induce and maintain the 
immune homeostasis of a newborn infant. The milk contains a heterogeneous population of cells, especially 
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macrophages, T-lymphocytes and neutrophiles, which comprise an important part of the defense against 
pathogenic bacteria. 

 
Table I.  Bioactive compounds in human milka 

Components of the immune system Hormones and growth factors Lipids and fatty acids Saccharides 

Immunoglobulins (sIgA, IgG, IgM) pituitary hormones LCPUFA oligosaccharides 
Lactoferrin steroid hormones AA mucins 
Lactoperoxidase adipokines (leptin) DHA lactose 
Lysozyme neuropeptides EPA  
Lactoadherin thyroid hormones CLA   
Cytokines EGF cholesterol   
Nucleotides IGF MFGM  
Macrophages NGF   
Neutrophils TGF   
T-lymphocytes    
Toll-like receptors    

aArranged according to Donovan (2006); AA – arachidonic acid, CLA – conjugated linoleic acid, DHA – docosahexaenoic acid, EGF 
  –epidermal growth factor, IGF – insulin-like growth factor, LCPUFA – long-chain oligounsaturated fatty acids, MFGM – milk fat  
  globule membrane, NGF – nerve growth factor, TGF – transforming growth factor, EPA – eicosapentaenoic acid. 

 
So far, in the milk of mammals more than 60 different enzymes were identified (Fox 2003), the ma-

jority of which become inactive during heat processing. The heat processing at higher temperatures causes 
not just denaturation of digestion enzymes (proteinases, lipases, amylases, phosphatases), but also enzymes 
with antioxidant and antimicrobial characteristics that are important not just in terms of milk stability but also 
in terms of protection of mammals against pathogenic agents: lysozyme, catalase, superoxide dismutase, lacto-
peroxidase, myeloperoxidase, xanthine oxidoreductase, ribonuclease, etc. 

Fresh milk contains also a mixture of antimicrobial agents that exhibit bacteriostatic and even bac-
tericidal activities. They are used for the protection of the milk gland and they are transferred from mother to 
progeny, whereby they support the protection of progeny against contagious diseases. In addition to immuno-
globulins (antibodies) the best understood protective factors include lactoperoxidase (De Witt and van Hooy-
donk 1996), xanthine oxidoreductase (Harrison 2002) and lysozyme (Maga et al. 1998). 

Lactoperoxidase, or lactoperoxidase system (lactoperoxidase–thiocyanate–hydrogen peroxide) makes 
possible the prolongation of milk storage, since it also suppresses propagation of psychrotropic bacteria. It is 
effective especially against Gram-negative catalase-positive bacteria, such as pseudomonads, coliform bac-
teria, salmonellae and shigellae (Reiter and Perraudin 1991). The lactoperoxidase system is used as a natural 
conservation agent in milk industry in tropical regions, with a deficit of refrigeration installations due to 
technical or economic reasons (Seifu et al. 2005). The xanthine oxidoreductase reduces nitrates and nitrites, 
which both have bactericidal effects, down even to a cytotoxic nitric oxide (NO). This enzyme produces also 
hydrogen peroxide, which is a substrate for lactoperoxidase, and NADPH oxidase – parts of efficient anti-
microbial systems. 

3 MILK  PROTEINS  AND  PEPTIDES  

The most important milk proteins include caseins, β-lactoglobulin, α-lactalbumin, immunoglobulins, 
lactoferrin and serum albumin. They exert their biological activities either directly, or after degradation to dif-
ferent peptides. Their biological activities are diverse (Table II) but the majority of them interfere in a spe-
cific way with the functionality of the immune system.  

In the reaction with proteolytic enzymes the casein generates different bioactive peptides that, through 
their action, affect not just the immune system, but also digestive, cardiovascular and nervous systems (Kor-
honen and Pihlanto 2006). They can be released from an inactive protein sequence during digestion of milk 
in GIT, through microbial fermentation of milk, or through its hydrolysis by proteolytic enzymes. Certain 
technologies have been developed recently that allow the isolation of some of these bioactive peptides in the 
form of nutritional supplements. In natural form they are present also in fermented milk products, such as 
yoghurt, sour milk, bryndza (Liptauer cheese) and some other cheeses. The structure and exact biological 
function of many of these peptides is not yet known.  
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The proteolytic system of milk bacteria consists of proteinase bound to the cell wall, and several 
intracellular peptidases. The milk lactic acid bacteria proteinases, such as those of Lactococcus lactis release 
biologically active oligopeptides from α- and β-caseins, which contain amino acid sequences that are present 
in casomorphines, lactorphines, casokinines and immunopeptides. They are peptides with two or more biolo-
gical activities. Casomorphines and lactorphines have pharmacological characteristics similar to morphine 
(opiate-like effects). They act as analgetics; they stimulate excretion of some hormones, especially insulin 
and somatostatin; they prolong gastrointestinal resorption of nutrients; they modulate transport of amino 
acids in the intestine; and they act also as antidiarrhea agents (Brandsch et al. 1994; Meisel 1997, 2005). 
These atypical opiate peptides differ from endogenous opiates, such as enkephalines and endorphines, only 
in their N-end sequences (Teschemacher and Brantl 1994).  

 
Table II.  Biological activities of milk proteins and peptidesa 

Effect     Active substance/effector 

Opioid antagonist lactoferroxins  
Opioid agonist α-lactorphins, β-lactorphins  
Antimicrobial lactoferrin, lactoferricin  
Immunomodulatory immunopeptides, e.g. immunocasokinin  
Hypotensive (ACE inhibitors) lactokinins, casokinins  
Antioxidant peptides derived from α-LA and β-LG, e.g. Met-His-Ile-Arg-Leu, Tyr-Val-Glu-Glu-Leu 
Hypocholesterolemic peptides derived from β-LG, e.g. Ile-Ile-Ala-Glu-Lys 
Antithrombotic casoplatelin  
Mineral binding caseinophosphopeptides  

aAccording to Mizushima et al. 2004; Silva and Malcata 2005; McCann et al. 2006; Walker et al. 2006; Hartmann and Meisel 2007.  

 
On the other hand, the fermentation of milk generates also opiate antagonists – casoxins and lacto-

ferrins (Yoshikawa et al. 1988). For the biological effect it is often important to consider the synergic acti-
vity of bioactive peptides with nonpeptidic milk components, such as oligosaccharides, glycolipids and fats 
(Schanbacher et al. 1997). 

The fermentation of milk generates substances with immunostimulatory and antitumor effects. In 
order for them to emerge, it is necessary that a probiotic strain has proteolytic activity. This indicates that the 
effective agents are peptides as was also shown in experiments with the probiotic strain Lactobacillus helve-
ticus in mice. A long-term application of milk fermented by L. helveticus reduced the growth of experimen-
tal tumor of the milk gland. In cases when the strain L. helveticus without proteolytic activity was used in the 
experiments, the immunostimulatory and antitumor activity was not present (Matar et al. 2001). The essen-
tial cause of such antitumor and immunostimulatory activity was the higher apoptosis of tumor cells and de-
creased production of proinflammatory cytokines, especially IL-6, in mouse immunocytes (Rachid et al. 2006). 

The hydrolysis of milk proteins caused by probiotic bacteria produces also other oligopeptides with 
various biological activities. These include small peptides, such as Val-Pro-Pro and Ile-Pro-Pro, with a hypo-
tensive effect (Sappo et al. 2003; Huth et al. 2006). Hypocholesterolemic effects are also exhibited by some 
peptides derived from β-lactoglobulin, such as, e.g., the pentapeptide Ile-Ile-Ala-Glu-Lys (Nagaoka et al. 
2001). 

The way they affect the blood pressure is based on inhibition of ACE activity (angiotensin I-con-
verting enzyme), the enzyme that converts angiotensin I to angiotensin II. Angiotensin II causes vasocon-
striction with simultaneous inactivation of bradykinin with vasodilatation activity, which results in hyperten-
sion. The proteolytic activity of milk bacteria during milk fermentation generates also hypotensive peptides 
with a larger number of amino acid units – casokinins and lactokinins (Sipola et al. 2002).  

In addition to hypotensive peptides, the fermentation of milk using different starting milk bacterial 
strains can produce also peptides with antithrombotic (casoplatelins), antimicrobial (casocidin I, casecidin) 
and immunostimulatory (immunopeptides) effects (Meisel and Bockelmann 1999; Claire and Swaisgood 
2000). Some peptides, such as isracidin and lactoferricin, have also antifungal activity (Bellamy et al. 
1994; Lahow and Regelson 1996). Immunopeptides increase the activity of the immune system cells, such as 
proliferation of lymphocytes, activity of NK cells, synthesis of antibodies and production of cytokines (Tre-
bichavský and Šplíchal 2006).  
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3.1 β-Lactoglobulin  

In milk and especially in whey there is a relatively high content of  β-lactoglobulin, which repre-
sents more than half of the present proteins. It acts as an effective emulgator and immunomodulator. Its mo-
lecule contains a hydrophobic part which can bind vitamin A, vitamin D, calcium and FAs, simplifying their 
resorption (Brown 1984; Cho et al. 1994; Wang et al. 1997; Beaulieu et al. 2006). In addition to the bio-
activities exerted by the native molecule, β-lactoglobulin can exhibit further physiological functions because 
of numerous bioactive peptides that are contained within the protein. These peptides are inactive within the 
sequence of the precursor protein but they can be released by in vivo or in vitro enzymic proteolysis. Once 
released, these peptides play important roles in human health. Their antihypertensive, antithrombotic, opioid, 
antimicrobial, immunomodulant, and hypocholesterolemic properties have been reported. All β-lactoglobu-
lin-derived peptides also exhibit radical-scavenging activity (Hernández-Ledesma et al. 2007). The peptides 
that are produced through proteolytic degradation of β-lactoglobulin have not yet been sufficiently descri-
bed. An interesting peptide is β-lactotensin, which stimulates contraction of smooth muscles (Yoshida and 
Owens 2005). β-Lactoglobulin is responsible for milk allergies, which affect 2–3 % of children. In the ma-
jority of cases these allergies disappear by the time the child reaches three years of age. 

The peptides originating from β-lactoglobulin may cause oral tolerance, and subsequently reduce 
the production of IgE which is specific for this protein (Pecquer et al. 2000), an effect that can be used in the 
prevention of milk allergies. Bioactive peptides derived from β-lactoglobulin are currently a subject of inten-
sive research. 

3.2 α-Lactalbumin  

In contrast to β-lactoglobulin, α-lactalbumin has low immunogenicity and thus also a low allergy-
inducing potential, which make it a good candidate to become a valuable nutrient for children. It is capable 
of inducing apoptosis of tumor and immature cells (Svensson et al. 2000) and thus it can exert anticancer 
activity. Its hydrolysis produces peptides with immunomodulatory effects. One of them is the tripeptide Gly-
Leu-Phe, which stimulates phagocytosis of macrophages through specific receptors as well as respiratory 
burst of neutrophiles (Jaziri et al. 1992). It is therefore considered to be a substance with an important anti-
microbial activity (Pihlanto-Leppälä et al. 2000; Pellegrini 2003). Its stress reduction also belongs among 
the bioactivities of α-lactalbumin (Markus et al. 2002). It was shown to raise brain serotonin, reduce cortisol 
concentration and improve mood under stress. α-Lactalbumin may also exert antiulcerative properties. It pro-
tects the rat stomach mucosa against ulcerative lesions caused by indomethacin (Mezzaroba et al. 2006). 

3.3 Immunoglobulins  

Immunoglobulins contain antibodies that directly participate in the anti-infectious defense of both 
the milk gland and the newborn infant. The main immunoglobulin in milk is IgG1, and then also IgM, IgA 
and IgG2. In addition to the protection against microbial pathogens, they are responsible for activation of 
complement, stimulation of phagocytosis, preventing adhesion of microbes, and neutralization of viruses and 
toxins. They also increase the intracellular levels of glutathione, which is the key cell antioxidant (Bounous 
and Gold 1991). The secretory IgA (sIgA) plays a special role, which works in a nonspecific way, covering 
infectious agents and preventing their adhesion to the mucosal epithelium. The concentration of immuno-
globulins is higher in colostrum. It can be increased by the immunization of pregnant mothers, which takes 
place in practice among farm animals. Using such cow colostrum one can prepare food supplements not just 
for veals, but also for humans. Their enhanced preventive activity against different microbial infections has 
been documented in several studies (Mehra et al. 2006).  

3.4 Cytokines and chemokines  

Several different cytokines and chemokines have been discovered in human milk and the list is 
growing very rapidly (Böttcher et al. 2003; Ustundag et al. 2005; Kverka et al. 2007). Cytokines operate in 
networks and produce various effects that contribute to the orchestration, development, and functions of the 
immune system. The production of cytokines is delayed in neonates and infants, and cytokines in human 
milk may be able to interact with mucosal tissues in the upper parts of the respiratory and alimentary tracts, 
providing anti-inflammatory and immunomodulatory effects upon the recipient infants. 

In human colostrum and milk about 40 different cytokines and chemokines have been detected so 
far. They include interleukins (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-16), interferon-γ, growth fac-
tors (EGF, G-CSF, M-CSF, TGF-α, TGF-β), and chemokines (IL-8, MCP-1, MIP-1, RANTES and eotaxin) 
(Garofalo and Goldman 1998; Böttcher et al. 2003; Kverka et al. 2007). 



2008 BENEFICIAL  HEALTH  EFFECTS  OF  MILK  AND  FERMENTED  DAIRY  PRODUCTS  —  review    383 

There are individual differences in the cytokine composition of breast milk. Their levels depend on 
the lactation stages and health condition of the mother. Higher levels of many cytokines have been found in 
colostrum than in transitional or mature milk (Ustundag et al. 2005). The physiological changes of cytokine 
profile at different periods of lactation may reflect the changes in the immune system of the breast and 
alteration in the needs of the newborn for these cytokines. Milk of allergic mothers contains higher levels of 
IL-4, IL-8 and RANTES than milk of nonallergic mothers (Böttcher et al. 2003). The cytokine profile in 
milk may be also influenced by infection. For instance, in milk of healthy cows there are no cytokines IL-1, 
IL-6, IL-10 and IL-12 but their levels are detectable in milk of cows with intramammary infections (Riollet 
et al. 2001). 

3.5 Lactoferrin 

Lactoferrin is a multifunctional glycoprotein to which several physiological roles have been attri-
buted. These include regulation of iron homeostasis, host defense against a broad range of microbial infect-
ions, anti-inflammatory activity and cancer protection. Lactoferrin is present in milk in smaller concentration 
than other proteins. In addition to milk, it can be found also in colostrum, mucosa secretions, tears, saliva, 
nasal exudates, gastrointestinal fluids and in neutrophil granules. Due to its antimicrobial and immunomodu-
latory activity it belongs to the best described proteins. Depending on the conditions and place of its target 
action, it can act either as immunosupressive, anti-inflammatory, or immunostimulatory agent. The cause of 
its immunosupressive and anti-inflammatory potential is the inhibition of cytokines TNF, IL-1 and IFN-γ, on 
the one hand, and, the stimulation of IL-10 production, on the other. This results in the suppression of acti-
vity of several cells of the immune system, including lymphocytes and macrophages (Machnicki et al. 1993; 
Hayashida et al. 2004). The immunostimulatory effect is achieved by the stimulation of T- and B-lympho-
cyte proliferation (Beaulieu et al. 2006), a higher number of circulating NK cells, cytotoxic and helper T-lym-
phocytes. This can lead to protection against the growth of tumor metastases (Iigo et al. 1999). The activ- 
ation of Peyer’s plaques stimulates the mucosal immunity (Wang et al. 1998). The phagocytic activity of 
human neutrophils is also increased by the presence of lactoferrin (Miyauchi et al. 1998). The main peptide 
that is produced in the course of lactoferrin degradation is lactoferricin. It contains 25 amino acids from the 
N-terminus of lactoferrin molecule, and it is responsible for the majority of its immunomodulatory effects. 
Lactoferrin and lactoferricin have been the milk proteins most comprehensively studied for their antiviral acti-
vity. They exhibit antiviral activity against hepatitis C (Isawa et al. 2002), human papillomavirus (Mistry 
et al. 2007), herpes simplex virus (Jenssen 2005), and in combination with interferon and ribavirin in pati-
ents with chronic hepatitis C (Kaito et al. 2007). 

Tsudu et al. (2006) demonstrated preventive effects of lactoferrin and lactoferricin on chemically 
induced colon carcinogenesis in the rat and transplanted carcinoma cell metastasis in the mouse. Lactoferrin 
possesses multifunctional potential to suppress carcinogenesis and it is a good candidate for practical appli-
cation in humans. Bovine lactoferrin has been indicated in clinical studies on patients with Helicobacter py-
lori infection, chronic hepatitis C, tinea pedis, and other diseases (Yamauchi et al. 2006). 

Recombinant human and bovine lactoferrin is now available for development into nutraceutical and 
pharmaceutical products (Weinberg 2007). 

3.6 Phosphopeptides  

From the viewpoint of mineral nutrition important are phosphopeptides that are formed through pro-
teolytic degradation of casein. The phosphate residues are present in them in the form of serine monoesters. 
They create organophosphate salts that function as carriers of cations, including calcium and other minerals, 
as well as trace elements in the intestine. In most cases they form complexes with calcium phosphate that are 
resistant to enzyme hydrolysis in GIT. Such complexes maintain calcium in a soluble form and they protect 
the calcium phosphate against precipitation, allowing thus absorption of calcium from the received casein in 
the distal part of the intestine. This passive transportation system allows primary absorption of calcium that 
is required for the calcification of bones. Caseinophosphopeptides form the organophosphate salts combi-
ned with trace elements, such as Fe, Mn, Cu and Se, so they function as their carriers. Some caseinophos-
phopeptides have already been used for the treatment of rachitis (Kitts and Yuan 1992). The phosphopepti-
des that bind calcium inhibit the formation of caries lesions through recalcification of the tooth enamel 
(Reynolds 1999; Aimutis 2004), whereas the glycomacropeptide derived from κ-casein seems to contribute 
to the anticarries effect by inhibiting adhesion and growth of plaque-forming bacteria on oral mucosa (Brody 
2000; Malkoski et al. 2001). The anticariogenic effect of caseinophosphopeptides has been well documented 
in both human intervention and animal model studies (Meisel 2001). 
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4 MILK  LIPIDS  

Milk and milk products, especially those with a high content of fats, saturated FAs and cholesterol 
have been considered during recent three–four decades to be risky food in terms of occurrence of various 
civilization diseases. This criticism has arisen especially because rich fat contains a high fraction of saturated 
FAs assumed to contribute to heart diseases, body-mass gain and obesity. Among the 12 major milk FAs, 
only three saturated acids, lauric, myristic, and palmitic acids, have been associated with raising total chole-
sterol in plasma (German and Dillard 2006). Due to persistent myths consumers are mostly informed about 
the adverse characteristics of milk and milk fats, although current science provides more and more evidence 
on the significance of some animal fats for health (MacRae et al. 2005). The milk fat contains many com-
ponents that have certain functions: sphingomyelin and other sphingolipids, etheric lipids, butyric acid, vita-
mins A, D, E, including β-carotene (provitamin A) and essential FAs, including conjugated linoleic acid. 
Sphingolipids are estimated to constitute 0.01–0.02 % of the human diet with a yearly intake per capita of 
about 115 g, with dairy products being the primary source of uptake (Vesper et al. 1999). Despite this low 
consumption, sphingolipids and their metabolites are highly bioactive molecules with multiple beneficial 
effects on human health, e.g., cancer inhibition, antimicrobial and immunomodulatory activities, as well as 
inhibition of cholesterol adsorption (Vesper et al. 1999; Schmelz et al. 2000; Eckhardt et al. 2001; Posse-
miers et al. 2005). Milk fat is not only a source of bioactive lipid components, it also serves as an important 
delivery medium for nutrients, including the fat-soluble vitamins (Parodi 1997). The vitamins dissolved in 
the fat are appreciated because of their antioxidant effects.  

Butyric acid (C4:0) is found only in the fat of ruminants, and it is believed to be an important 
anticarcinogen which, together with etheric lipids, vitamins A, D, E and the conjugated linoleic acid, forms  
a protective barrier mainly against different nontransmissible diseases (Parodi 1999, 2004; German 1999). 
Caprylic and capric acid (C8:0 and C10:0) may have antiviral activities (Thormar et al. 1994). Lauric acid 
(C12:0) may have antiviral and antibacterial functions (Sun et al. 2002; Thormar and Hilmarsson 2007) as 
well as anticaries and antiplaque activity (Schuster et al. 1980). Among the 12 major milk FAs, only three 
saturated FAs – lauric (C12:0), myristic (C14:0) and palmitic (C16:0) – have been associated with raising total 
cholesterol levels in plasma, but their individual effects are variable – both toward raising low-density lipo-
proteins and raising the level of beneficial high-density lipoproteins. The increase in HDL cholesterol caused 
by saturated FAs has beneficial effects. HDL acts as an antioxidant and prevents oxidation of LDL chole-
sterol in the blood (German and Dillard 2004). Diet rich in saturated fat has been regarded to contribute to 
the development of obesity, heart diseases and metabolic syndrome (Mensink and Katan 1992). Saturated 
stearic acid (C18:0) does not seem to increase serum cholesterol concentration (Grundy 1994) and clinical trials 
demonstrated that it is not atherogenic (Mensink et al. 2003). 

Oleic acid (C18:1) is the single unsaturated FA with the highest concentration in milk (≈8 g/L). 
Monounsaturated oleic acid is considered to be favorable for health because it lowers both plasma chole-
sterol, LDL cholesterol and triacylglycerols, and replacement of saturated FAs by cis-unsaturated FAs redu-
ces the risk of coronary artery disease (Mensink et al. 2003). The concentration of oligounsaturated (‘poly-
unsaturated’) FAs in bovine milk – linoleic (C18:2ω6) and α-linolenic (C18:3ω3) acids is ≈2 g/L. These FAs 
may be converted to FAs with 20 carbon atoms, e.g., arachidonic acid (C20:4ω6) and eicosapentaenoic acid 
(EPA) (C20:5ω3). Clinical trials have shown that a diet rich in monounsaturated and/or oligounsaturated FAs 
gives better protection against cardiovascular diseases than a diet rich in oligounsaturated FAs only (De Lor-
geril et al. 1994).  

Lipids, especially unsaturated FAs and medium-chain saturated FAs and their monoglycerides, are 
generally most active against bacteria (Thormar and Hilmarsson 2007). Several studies suggest that lipids 
play a role in the natural defense against infections in skin and mucosal membranes and that they, together 
with lipids in mother’s milk, take part in the innate immune response. Unsaturated FAs, particularly oleic 
and linoleic, and their monoacylglycerols are the most active antiviral lipids in human milk, whereas di- and 
triacylglycerols are inactive (Welsh and May 1979). The effect of antimicrobial milk lipids on intestinal infect-
ions is supported by the results showing that feeding with high milk fat diets diminished intestinal coloniz-
ation of Listeria but not of Salmonella. Salmonella is much less susceptible to the inhibitory activity of 
lipids (Sprong et al. 1999). 

The milk fat from sheep and goats is rich in medium-chain triacylglycerols (MCT) made up of FAs 
with a C6–10 carbon chain. FAs C6:0, C8:0 and C10:0 can be found in the milk of goats up to 15–18 %, and in 
sheep milk up to 12–14 %, while only 5–9 % in the milk of cows. The nature of fat content in sheep and goat 
milk, in comparison with cow milk, presents advantages for consumer health (San Sampelayo et al. 2007). 
The low molar mass of medium-chain FAs and their solubility in water facilitate the action of digestive en-
zymes, making hydrolysis faster and more complete than that of long-chain FAs. Reduced chain length means 
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that MCT are more rapidly absorbed by the body and more quickly metabolized. Because of that MCT are of 
special interest from the therapeutic point of view. They are used in the treatment of patients with absorption 
problems, problems of pancreatic insufficiency, patients with deficit of biliary salts, as well as in cases of 
intestinal resection. MCT are used also in the nutrition of undernourished patients, prematurely born chil-
dren, children with epilepsy and other diseases (Babayan 1981; Hachelaf et al. 1993; Razafindrakoto et al. 
1993; Garcia Unciti 1996; Alférez et al. 2001). 

The most recently discovered aspect deals with the composition of milk fats in ruminants, focusing 
on isomers of conjugated linoleic acid (CLA). CLA is a collective term to describe one or more of the C18 
dienoic positional and geometric FA isomers of the essential conjugated octadecedienoic acid. Human and 
animal studies have shown that CLA can reduce adiposity, exert anticarcinogenic activity, improve plasma 
lipoprotein profiles and significantly modulate humoral and cellular immunity (Khanal and Olson 2004; Rai-
ner and Heiss 2004; Fricon et al. 2004; MacRae et al. 2005). Approximately 75–90 % of the total CLA content 
in the milk fat and >75 % of the fat from beef meat is composed of the isomeric cis-9, trans-11-C18:2, which 
shows anticarcinogenic and anti-atherogenic effects. The minimum effective dose of CLA to prevent the 
occurrence of cancer identified in animal models is 0.05 % of the daily nutrition needs (Dhiman et al. 2005). 
Linoleic acid is the principal FA that is a precursor of the synthesis of cis-9, trans-11-CLA, as a consequence 
of the biohydrogeneration that takes place in the rumen, due to the action of Butyrivibrio fibrisolves (Kepler 
and Tove 1967; Koppová et al. 2006). The milk products and meat from ruminants are the most abundant 
source of CLA in the human diet. 

According to the knowledge of CLA effects in metabolism and antiproliferative and pro-apoptotic 
activities on various types of cancer cells it can be assumed that the cis-9, trans-11 isomer of conjugated lino-
leic acid belongs among candidates for nutritional cancer therapy (Ochoa et al. 2004). Based on studies of 
the health-promoting activities of lipids, both in vitro and in vivo, the possibility of using such lipids as active 
ingredients in prophylatic and therapeutic dosage is considered (Haug et al. 2007; Thormar and Hilmarsson 
2007). 

5 MILK  OLIGOSACCHARIDES  

Lactose and other oligosaccharides comprise the third most abundant constituent of milk. The di-
saccharide lactose (milk sugar) is hydrolyzed by the enzyme β-galactosidase (lactase) to D-glucose and D-ga-
lactose, which are absorbed in the intestine. Insufficient activity of β-galactosidase causes intolerance to the 
milk sugar with all its consequences, including diarrhea. The intolerance to lactose occurs in the Central Euro-
pean population at a 5 % rate but, in Asia and Latin America it reaches 90 %. The individuals that are 
intolerant to lactose show better tolerance to fermented milks than to native milks. The best for them are the 
yoghurts with viable milk bacteria. Through heat processing the yoghurts lose their ability to metabolize 
milk sugar. This has been shown in the clinical experiments where lactase-deficient individuals were unable 
to metabolize lactose after being fed with pasteurized yoghurt (containing dead milk bacteria) (Lerebours et 
al. 1989).  

During fermentation of the cloddish sheep cheese in the sheep farm or bryndza (Liptauer cheese) 
producing plant lactose is transformed through fermentation into lactic acid, and thus compared with the 
milk the share of milk sugar in bryndza is significantly lower. This is the reason why mature bryndza is tole-
rated also by individuals suffering from lactose intolerance.  

Lactulose is a disaccharide composed of D-galactopyranose and D-fructofuranose. It originates during 
heat processing of milk and has important prebiotic properties. Lactulose has beneficial health effect mainly 
by selective stimulation of the growth and/or activity of probiotic bacteria including bifidobacteria and lacto-
bacilli (Gibson et al. 2004). Randomized-controlled trials of its effect in a clinical context are few, although 
animal studies show anti-inflammatory effects in inflammatory bowel disease, Crohn’s disease and ulcera-
tive colitis (MacFarlane et al. 2006). Synthetic lactulose is used in the treatment of constipation; it was ori-
ginally thought that other milk oligosaccharides have no biological function and that they represent only 
a by-product of synthesis of glycoproteins and glycolipids during the production of milk. Nowadays it is 
clear that milk oligosaccharides are a large family of different molecules, some of which participate in the 
protection against infectious agents. Oligosaccharides are present in milk either in the form of free molecules 
or conjugated with other compounds (e.g., as lipid- or protein-conjugated); some of them actually represent 
dissolved receptors which can bind pathogens and thus prevent their binding to the respective target receptor 
in GIT mucosa, and the follow-up initiation of infection.  

The majority of oligosaccharides with this function are fucosylated. They are produced through the 
action of enzymes encoded by genes associated with expression of the Lewis blood system antigens. There-
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fore the specific antimicrobial activity of milk fucosylated oligosaccharides is directly linked with the mater-
nal Lewis blood group type. The specific oligosaccharides are thus one of the main innate immunological 
mechanisms of human milk, through which the mother protects an infant against enteric as well as other patho-
gens. The knowledge of the structure and function of these protective oligosaccharides could become a basis 
for the development of new preventive and therapeutical drugs against GIT pathogens (Morrow et al. 2005; 
Newburg et al. 2005). 

In addition to natural oligosaccharides the sour milk products contain also polysaccharides produ-
ced by the present probiotic bacteria, as well as their hydrolyzed products. In fermented functional foods 
they contribute to their stability and organoleptic properties. An example of such exopolysaccharide is ke-
firan, comprised of D-galactose and D-glucose in the ratio 1 : 1. It is the basic bioactive component of kefir 
(Farnworth 2005).  

6 HEALTH-PROMOTING  EFFECTS  OF  FERMENTED  MILKS  

6.1 Hypocholesterolemic effects 

The results of several clinical studies indicate that a regular administration of selected probiotics 
may reduce the concentration of serum cholesterol, especially of LDL (Mikeš et al. 1995; Bertolami et al. 
1999; Agerholm-Larsen et al. 2000). So far the mechanism of this effect has not been explained. However, it 
is assumed that probiotic bacteria can metabolize cholesterol and thus reduce its resorption in GIT. This has 
been shown in experiments which indicate that both in vitro and in vivo lactobacilli, bifidobacteria and other 
milk bacteria assimilate cholesterol, incorporate it into membranes, deconjugate and precipitate the bile acids 
(Gilliland et al. 1995; Tahri et al. 1996; Pereira and Gibson 2002). Deconjugated bile acids are less soluble 
and therefore are less absorbed from the intestinal lumen than their conjugated forms. As a result there is  
a higher excretion of free bile acids through stool. In addition to that free bile acids are less efficient in solu-
bilization and re-absorption of fats in the intestine.   

However, not all species and strains of milk bacteria and sour milk products fermented with them 
exhibit a hypocholesterolemic effect. This was shown in clinical testing of Danish yoghurt Gaio fermented 
with Streptococcus thermophilus and Enterococcus faecium. The clinical study after 8 weeks of administrat-
ion of 450 mL per d showed that the Gaio yoghurt had significantly reduced the level of cholesterol in the 
serum of a volunteer (by 8.4 %). In the same experiments yoghurt produced with Streptococcus thermo-
philus and Lactobacillus acidophilus or L. rhamnosus was simultaneously tested; however, these three bacte-
ria did not exhibit the hypocholesterolemic effect (Agerholm-Larsen et al. 2000).  

It was shown that a long-term (six-month) daily consumption of fermented milk products increases 
the serum HDL cholesterol, and improves the ratio LDL/HDL (Kiessling et al. 2002).  

These results correspond also with the first analyses of the traditional Slovak Liptauer cheese (bryn-
dza). Analysis of 166 strains of the families Enterococcus and Lactobacillus isolated from nonpasteurized 
bryndza revealed that individual isolates metabolize cholesterol by 12 to 56 % (our unpublished results). 
The clinical study with 8 weeks of bryndza consumption (100 g a day) among volunteers has shown a statis-
tically significant lowering of the level of total cholesterol as well as LDL cholesterol. The lowering was 
most significant among persons with higher starting values of cholesterol. A surprising finding was the lo-
wering of glycemia level, and the level of serum creatinine, C-reactive protein and blood pressure (Mikeš et 
al. 2005). 

6.2 Antioxidant effects  

Free radicals are produced in the body in the course of regular metabolism but when exposed to 
xenobiotic agents from foods and environment the risk of radical production significantly increases. The 
most important are the free radicals derived from oxygen. Provided the antioxidant system of the organism 
does not manage to neutralize them rapidly enough, they can cause destructive or lethal changes (such as, 
e.g., apoptosis) through oxidation of membrane lipids, proteins, enzymes and DNA. The cellular and sub-
cellular damage caused by free radicals plays an important role in the pathogenesis of cancer, cardiovascular 
diseases, allergies, atherosclerosis, and other civilization diseases (Haliwell and Guteridge 1989; Bergendi et 
al. 1999; Agerholm-Larsen et al. 2000). The more extensive damage of the vital molecules in the brain 
through oxidation was detected also in patients with Alzheimer’s disease (Liu et al. 2003; Filipčík et al. 2006). 

The antioxidant defense mechanism in the body is composed not just of endogenous antioxidants 
but also of exogenous antioxidants from foods (vitamins C and E, carotenoids, pholates, flavonoids, phyto-
estrogens, selenium, etc.). It has been found only recently that also the probiotic microorganisms can effecti-
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vely trap reactive forms of oxygen. The experiment with vitamin E-deficient rats has revealed that the intra-
cellular extract from Lactobacillus sp. recovers this deficiency (Kaizu et al. 1993). The classical yoghurt 
bacteria Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus inhibit peroxidation of li-
pids through scavenging the reactive oxygen radicals, such as hydroxyl radical, or hydrogen peroxide (Ling 
and Yen 1999).  

The antioxidant activity of several species and strains of milk bacteria contained in fermented milk 
can significantly affect human health. This has been confirmed also by clinical studies of goat milk fermen-
ted with a starter culture Lactobacillus fermentum ME-3 (Kullisaar et al. 2003; Songisepp et al. 2005). The 
healthy volunteers have consumed for 21 d each day 150 g of milk, either sour or nonfermented. Sour milk 
compared to nonfermented milk has shown important improvement of the overall antioxidant activity of blood, 
as well as antioxidant status, prolonged resistance of lipoprotein fraction to oxidation, reduced level of per-
oxide lipoproteins and oxidized LDL cholesterol, reduced level of glutathione redox ratio, and increased 
overall antioxidant activity.  

The anti-atherogenic activity of fermented milk may be the result of concerted action of several fac-
tors. Some lactobacilli produce antioxidant factors also in the human gastrointestinal tract (Ljungh et al. 
2002). The majority of milk bacteria show antioxidant behavior (eliminating the excess oxygen free radicals) 
producing superoxide dismutase, or glutathione. Taking this into account, several laboratories are working 
on the optional use of the milk bacteria in the form of food supplements that enhance also the antioxidant 
status of an individual. Perhaps the very first of such targeted products is the Estonian cheese Picante, in the 
manufacturing of which also Lactobacillus fermentum ME-3 with significant antioxidant and antimicrobial 
effects is added to the starting culture mix (Songisepp et al. 2004). 

The antioxidant activity exerts also various peptides derived from α-lactalbumin, β-lactoglobulin 
and α-casein (Fitzgerald and Murray 2006).  

7 THE  IMPACT  OF  HEAT  PROCESSING   
 ON  THE  BIOLOGICAL  ACTIVITY  OF  MILK 

Heat treatment induces on the one hand the degradation, denaturation and inactivation of heat labile 
components and, on the other hand, formation of  “new” substances, which are not present in the unprocessed 
product. Therefore, heat treatment conditions must be chosen in such a way that the desired results (hygienic 
safety) can be achieved while undesirable changes (reduction of nutritional value, changed organoleptic pro-
perties) are minimized. 

Biologically active agents preserve their original activity only in raw milk. Higher temperature in-
activates them. Heat damage of a dairy product depends on both the duration and the intensity of heating. 
Pasteurization does not disrupt the activity of vitamins dissolved in fats (vitamins A, E and D) and ribo-
flavin. In case of the most gentle pasteurization (72–75 °C for several s) the majority of B-group vitamins 
dissolvable in water remain almost intact, their activity drops just between 1 and 10 %. The only exception 
is vitamin C, the content of which is lowered by 30–50 %. Higher temperatures affect the protein-like com-
pounds, especially enzymes, hormones, growth factors, and different proteins, which bind mineral agents 
and some vitamins, thus participating in their absorption in the intestine. The higher temperatures adversely 
affect the absorption of some minerals, including calcium, iron and zinc, through denaturation of proteins 
that transfer them. Higher temperature will also damage the bond between the protein and folic acid, which 
will reduce its resorption. Folic acid is an important vitamin in terms of hematopoiesis and in pregnant 
women as a prevention of nerve system damage, such as, e.g., spondyloschisis of newborn infants. In spite 
of the fact that milk contains a relatively small amount of folic acid (50 μg/L), its further processing to 
cheese and fermented milk products through milk bacteria substantially increases the content of this vitamin 
(Forssén et al. 2000). The whey proteins, e.g., β-lactoglobulin, bind not just folic acid, but also vitamin B12, 
riboflavin, vitamin D and retinol (β-carotene), and they significantly support its resorption. The bond of  
β-lactoglobulin with riboflavin, which acts as a cofactor for enzymes detoxicating azo compounds, indicates 
its significance in the prevention of carcinogenesis. Heat treatment and freeze-drying of bovine colostral 
whey decreased the content of immunoglobulins. It seems that IgM is most sensitive, while the contents of 
insulin-like growth factor 1 (IGF-1) and transforming growth factor β-2 (TGF-β2) were unaffected (Elf-
strand et al. 2002). In contrast, other authors observed that heat treatment of bovine raw milk significantly 
changed the IGF-1 content (Kang et al. 2006). Traditional heat pasteurization of milk decreased the concen-
trations of serum albumin, β-lactoglobulin, and α-lactalbumin (Odriozola-Serrano et al. 2006). Short heat 
treatments can be potentially responsible for a depletion in the overall antioxidant properties of milk (Cal-
ligaris et al. 2004). Taylor and Richardson (1980) showed that the heat treatment decreased the antioxidant 
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capacity of casein. Pasteurization of goat milk induced a decrease of the lipolysis level of cheeses. The use 
of pasteurization led to a limitation of the appearance of organoleptic defects in ripened cheeses. The flavor 
and odor of ripened cheeses made from pasteurized milk is also reduced compared with cheeses made from 
raw milk (Grappin and Beuvier 1997; Morgan et al. 2001). Processing of milk at higher temperatures de-
naturate not just the digestive enzymes but also enzymes and other biologically active compounds with anti-
microbial and antioxidant effects, important in the prevention of cancer and other civilization diseases.  

The bioactive peptides originating in certain dairy products (cheese, sour milk) during manufactu-
ring are natural components of foods. The thermal processing, especially at high temperatures, e.g., the 
sterilization temperatures, can cause fundamental changes in the structure of casein and bioactive peptides. 
For example, dephosphorylation of casein by heat produces not just structural changes in it, but reduces also 
the content of phosphopeptides, thus minimizing or completely eliminating its capacity to transfer minerals. 
As a result of changes caused by high temperature the digestion enzymes react with structurally changed 
proteins as if they were completely different and unnatural substrates. Extreme thermal and alkaline proces-
sing of milk creates inter- and intramolecular covalent bonds, which are resistant to the action of hydrolytic 
enzymes. This, in turn, can promote racemic conversion of L-amino acids to D-amino acids, which leads to 
indigestible peptide bonds. 

8 HUMAN  MILK  AND  ITS  IMMUNOPROTECTIVE  ACTIVITIES  

Human (breast) milk is a complex physiological liquid that plays a key role in the gastrointestinal 
tract of a newborn child in terms of its postnatal adaptation, including the formation of its digestive maturity, 
establishment of a beneficial symbiotic microflora, and development of gut-associated lymphoid tissue – 
GALT. The system of acquired immunity of a newborn child is immature and naïve. Also several parts of its 
natural immunity are not yet fully functional. Therefore the natural immune mechanisms of breast milk are 
the most important supplement to the normal function of the mucosal barrier in the developing intestine. Their 
essential components include bioactive proteins, peptides, lipids and saccharides acting as activating and 
regulating signals (Field 2005). The number and efficiency of these compounds is much higher than was ori-
ginally expected. The biological activity of many of them (e.g., peptides or FAs) is not demonstrable in native 
milk; they manifest themselves only after fermentative modification.  

The human milk contains four main bioactive subsystems (Table I): cells and molecules of the 
immune system, hormones and growth factors, lipids and saccharides (Donovan 2006). The majority of them 
exert a protective effect against intestinal pathogens, they stimulate the establishment of mucosal immunity, 
the induction of oral immunological tolerance and probiotic microflora in the developing intestine (Newburg 
2005). In most cases the efficiency of individual factors is amplified through their synergy.  

The best known human milk protective molecules are immunoglobulins, especially secretory IgA 
(sIgA), which accounts for ≈90 % of their total quantity. The majority of other molecules are involved in the 
mechanisms of natural immunity. Their important characteristic is the ability to stimulate the growth of pro-
biotic intestinal microflora. The intestinal microflora of children that are breast-fed and those that are fed 
with a formula differ significantly. The microflora composition of infants fed with a formula is similar to the 
microflora of adults, while the intestine of infants fed with breast milk contains a high percentage of pro-
biotic milk bacteria, especially Bifidobacterium bifidum. This is due to the presence of a nondegradable 
glycan in human milk. The glycans are complex molecules containing an oligosaccharide skeleton. The non-
reduction ends of their molecules contain motifs similar to human intestinal receptors for some pathogens. 
Therefore, glycans can inhibit the binding of pathogens to these receptors and thus an onset of infectious 
diarrhea (Morrow et al. 2005).  

In addition to glycans human milk contains other components of the natural immune system, which 
are usually divided into two groups: biologically polyfunctional (fats, lactoferrin, α-lactalbumin) and immuno-
modulatory (cytokines, soluble cytokine receptors, nucleic acids, antioxidants). 

Among fats the most important are free fatty acids (FFAs) and monoacylglycerols, which are released 
from the milk triacylglycerols in the stomach. Compared to adult individuals, in breast-fed infants this re-
lease takes place faster. As a result of that the stomach content of the breast-fed infants contains greater 
quantities of FFAs and monoacylglycerols that have antiviral, antibacterial and antiprotozoal activities. Thus 
in the case of breast-fed infants their stomach can act as a barrier against the consumed pathogens. The 
stomach of infants fed with a formula does not have such capacity. FFAs, such as oleic or linoleic acid, in-
crease also the antimicrobial activity of milk peptides (Isaacs 2005). 

Lactoferrin either directly or indirectly through lactoferricin, which is produced through its proteo-
lytic degradation, exerts antioxidant, antimicrobial and immunomodulatory effects.  
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α-Lactalbumin is a part of an enzyme complex that synthesizes lactose and it is at the same time the 
essential protein of human milk. In the infant’s stomach this protein is modified to a conformation which 
exerts an important antitumor activity. This conformation is stabilized by free oleic acid. In this way an acti-
ve complex is formed. It was assigned the acronym HAMLET – human α-lactalbumin made lethal to tumor 
cells (Gustafsson et al. 2005). HAMLET binds to normal as well as tumor cells. However, it is transported 
only to the nucleus of tumor cells, where it inhibits links between histones and DNA, resulting in apoptosis. 
The animal models have shown that this mechanism inhibits the growth of many malignant tumors.   

In breast milk there are several mediators of natural immunity that not just reduce the risk of cancer, 
but also infections, allergies and autoimmunity (Armogida et al. 2004). These include some cytokines, cyto-
kine receptors, defensins, cathelicidins, receptors similar to toll – TLRs (toll-like receptors), including their 
agonists and antagonists, anti-inflammatory agents and nucleotides controlling the inflammatory reaction 
(Newburg and Walker 2007).  

In human colostrum and milk >30 different cytokines were found, including IL-8, IL-12, epidermal 
growth factor – EGF, angiogenin, transforming growth factor β-2 – TGFβ-2, monocyte chemotactic pro- 
tein 1 – MCP-1. The concentrations of individual cytokines differ in milk samples from different mothers, 
and they vary also depending on the time that elapsed since the delivery (Kverka et al. 2007).  

The composition of breast milk during lactation is subject to changes that depend on the develop-
mental need of an infant. The concentrations of growth factors and protective immunoproteins (including 
sIgA, lactoferrin and lysozyme) in the colostrum are high. At the next lactation stage the concentrations of 
growth factors and antimicrobial proteins drop and the concentration of casein increases, which serves also 
as a source of amino acids (Donovan 2006).  

Human milk has significant antioxidant activities, which include enzymes and scavengers of oxygen 
radicals. The enzymes include superoxide dismutase (it catalyzes the dismutation of superoxide anion into 
oxygen and hydrogen peroxide), catalase (it catalyzes the decomposition of hydrogen peroxide), and gluta-
thion peroxidase (it decomposes hydrogen peroxide and organic peroxides). The function of oxygen radical 
scavengers is exhibited by cysteine and vitamins C and E (Tsopmo and Friel 2007). Antioxidant activity of 
milk is especially important in prematurely born infants, who in order to maintain the normal arterial oxygen 
pressure require its higher concentrations in inhaled air. This, however, has a side effect – higher generation 
of reactive oxygen radicals. As a protection against their damaging effect this has to be combined with anti-
oxidant defense (Friel et al. 2002). 

9 CONCLUSIONS 

In addition to macro- and micro-nutrients milk contains many biologically active agents that started 
to be studied in the late 1980s. The primary structure of milk proteins contains encrypted peptides with 
multiple biological activities. These peptides become physiologically active through the digestion of the 
milk proteins by the host’s enzymes, or by enzymes of lactic acid bacteria during production of cheeses and 
fermented milks. These peptides directly influence numerous biological processes evoking gastrointestinal, 
immunological, neurological, hormonal and nutritional responses. Bioactive milk components exert many 
effects favorable for human health, and they significantly contribute to the prevention of several diseases, 
including hypertension, coronary vascular diseases, obesity, osteoporosis, cancer – especially of large intes-
tine, and diabetes of type II, as well as of some transmissible diseases. Several applications of bioactive 
milk’s components have already evolved. For example, phosphopeptides derived from casein are currently 
used as both dietary and pharmaceutical supplements (Reynolds 1999; Aimutis 2004). Several milk-derived 
growth factors are nowadays increasingly used in pharmaceuticals products, such as in the treatment of skin 
disorders and gastrointestinal diseases (Pouliot and Gauthier 2006). Health promoting effects in humans 
were observed in leg ulcers and psoriasis (Smithers 2004; Paulin et al. 2005), in gut health (Fell et al. 2000) 
and in tissue bone regeneration – osteoporosis (Toba et al. 2001). Although in terms of prevention of chronic 
nontransmissible diseases the effects of some milk components are impressive, health nutrition experts 
assume that their complex action in sufficient abundance can increase the resistance of the organism against 
risk-bearing environmental factors. 

Epidemiological studies confirm that higher consumption of fats, fresh meat, high intake of total 
joules combined with low intake of fruits, vegetables, fiber and milk products increases the risk of colo-
rectal cancer. Unbalanced food and a complex of habits that are called incorrect lifestyle significantly contri-
bute to the epidemiological expansion of nontransmissible civilization diseases. A certain role in this has 
also been played by myths that consumption of milk can cause different health problems. The people, who 
worship the myths on unhealthiness of milk, which as they claim is the cause of obesity, acne, asthma and 
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especially overproduction of mucous substances, promote the concept that cow milk is only good for vealers. 
Dissemination of such myths goes hand in hand with significant reduction of milk consumption. It should be 
stressed that so far there has not been a single competent study confirming the afore-mentioned myths (Pin-
nock et al. 1990; Pinnock and Arney 1993; Wijga et al. 2003; Wuthrich et al. 2005). In contrast, milk and 
other milk products that are the main source of calcium and other essential nutrients help to reduce the risk 
of majority of chronic diseases and so contribute to a healthier lifestyle (Van der Meer et al. 1998). The 
functional proteins, bioactive peptides, essential FAs, calcium, vitamin D and other milk components exert 
different positive effects on the immune and cardiovascular systems, as well as gastrointestinal tract and 
intestinal health. Based on the studies of the health-promoting activities of lipids, the possibility of using 
such lipids as active ingredients in prophylactic and therapeutical dosage is considered (Haug et al. 2007; 
Thormar and Hilmarsson 2007). Full-fat milk has been shown to increase the mean gastric emptying time 
compared to half-skimmed milk (Haug et al. 2007). Clinical trials indicate that the consumption of recom-
mended levels of dairy products, as part of a healthy diet, can contribute to lower blood pressure, and can 
reduce the risk of low bone mass. Specific peptides associated with casein and whey proteins can signifi-
cantly lower blood pressure (Huth et al. 2006). Body fat and body-mass loss occurs when adequate calcium 
is provided by an equivalent amount of calcium supplied from dairy foods. High-protein diets and, in parti-
cular those that contain whey proteins, including medium-chain FAs, may reduce hunger and food intake, 
thereby reducing fat deposition and improving insulin sensitivity. Dietary regulation of food intake by dairy 
products and their component has the potential to contribute to the prevention and management of the obe-
sity pandemic (Pfeuffer and Schrezenmeir 2006; Dunshea et al. 2007; Luhovyy et al. 2007). Milk and dairy 
foods also contribute substantial amounts of other essential nutrients to the diet including: calcium, phospho-
rus, magnesium, zinc, potassium, vitamin A, vitamin B12, riboflavin and others. 
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