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Abstract 
Milk consumption is a subject of many opposing opinions, regarding its epigenetic influence on genomic and 
proteomic cell events, what may change inflammatory, metabolic, oxidative and neurocognitive function. For 
some of milk ingredients, such as saturated lipids, lactose and some casein forms, the pathogenetic mechanisms 
were documented. Certain products, including some enzymes, low-weight partially digested peptides and 
non-protein nitrogen compounds, are still in the serious observations. To avoid „unwanted“ compounds is complex, 
because of different conditions of their appearance, what in some extent determines if they can be avoided in 
pre-dairy manufacturing or eliminated in a dairy manufacturing and post-dairy processing and packing. Pre-dairy 
manufacturing should represent new approaches toward genetic selections of dairy breeds regarding milk 
biochemical composition (β-caseins). A number of contaminants, from pesticides to drugs, toxins, hormones, 
heavy metals, pharmaceuticals, phthalates, carcinogens, synthetic chemicals, or veterinary drugs may appear in a 
pre-dairy process through the plant material (forage) or artificially via (uncontrolled) cattle treatment. A proper 
growing and planting conditions, antifungal chemical treatment or dry collection of feedstuffs, or destruction of 
mycotoxins by biodegradation process may decrease their content. Unwanted compounds of milk, which may be 
eliminated during dairy manufacturing and packing, may be xanthine oxidase, uric acid, saturated fats and lactose. 
Beside low fat milk production, the quality improvement in milk fatty acids composition can be achieved by 
changing the animal feeding type. Regarding lactose or its components, glucose and galactose, it should be clearly 
distinguished the sugar-free milk from milk containing digested lactose, on the pack nutrition label. The main 
contaminants which appear, because of dairy products packing in plastic bottles and cups, are phthalates. Good 
agricultural practices (GAPs) concerning dairy industry should be directed to integrate different preventive 
strategies and to satisfy personalized nutrition concept.  

Keywords: milk, xanthine oxidase, uric acid, β-casein type A1, lactose, phtalates 
1. Introduction 
In recent years the nutrigenomics tried to search for dietary factors which may contribute to development of 
various (the most common) chronic diseases, such as atherosclerosis, cardiovascular events, diabetes, chronic 
inflammatory conditions, autoimmune disorders, allergies and malignancies, by making the integration of genomic 
science and nutrition (Simopoulos, 2010). Regarding above mentioned diseases, milk consumption has become a 
subject of different, often opposing opinions, regarding its effect on inflammatory, metabolic, oxidative and 
neuro-cognitive function (Mead, 2007). Among the certain things are that milk and dairy products represent the 
best providers of calcium, other minerals, vitamins and essential amino acids (Figure 1).  
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Figure 1. Beneficial and possible harmful milk ingredients and contaminants 

 

The ingredients that may contribute to atherogenic potential of milk are different. For some of them, such as 
saturated lipids, lactose and some casein forms, the mechanisms of atherogenic effect were documented (Laugesen 
et al., 2003; Segall, 1994, 2002; Warensjo et al., 2010; Markey et al., 2014). Other ingredients or products, like 
some enzymes, low-weight partially digested peptides and non-protein nitrogen compounds, are still in the serious 
observations, as it was published by Awasthi et al. (2012), and Kocic et al. (2014). To avoid “unwanted” 
compounds is complex, because of different conditions of their appearance, what in some extent determines if they 
may be avoided in pre-dairy manufacturing or eliminated in a dairy manufacturing and packing.  

2. Unwanted Compounds Which Could Be Avoided during Pre-Dairy Manufacturing  
Pre-dairy manufacturing should represent new approaches toward genetic selections of dairy breeds not only 
regarding higher milk production, but regarding milk biochemical composition. Beside this, an adequate nutrition 
program should be directed to avoid any unwanted toxic substances. 

2.1 β-Casein Type A1 

Caseins are the main protein components in cows’ milk (consisting about 80% of milk proteins) representing the 
major source of essential amino acids. Casein is a complex protein, belonging to phosphoproteins and three major 
groups (αS1, αS2, β, and κ casein) have been identified. They are present in specific milk micellar structures (Elliot 
et al., 1999). Experimental β-casein type A feeding may lead to increased level of homocysteine, which is a 
documented risk factor for atherosclerosis and to increased oxo-LDL (Laugesen & Elliot, 2003). Significant 
number of publications pointed out a causal link between β-casein type A1 and development of Type 1 diabetes, 
since the enhanced levels of antibodies to β-casein in children with Type 1 diabetes were obtained. Partial 
digestion of β-casein type A1 by digestive tract proteolytic enzymes can produce casomorphins, a family of small 
peptides with potent immune and opioid activity. Up to now, about 30 opioid peptides were isolated from milk, 
such as types of casomorphins 4, 5, 6, 7, 8, 9, 11, 13, 21, all of them isolated from bovine β-casein. Only two types 
of opioid bioactive peptides, known as exorphins, were isolated from α-casein (Kostyra et al., 2004). The types 7 
and 8 were isolated from human milk as well. Their opioid activity increases with their hydrophobicity, due to 
higher hydrophobic interaction and affinity to opioid receptors, similar to morphine affinity. The appearance of 
Type 1 diabetes may be immunologically linked to the homology between the amino acid sequence of 
β-casomorphin7 (BCM7) and the pancreatic glucose transporting molecule GLUT2. The symptoms of autism and 
schizophrenia, other auto-immune conditions and milk intolerance are also linked to β-casein-A1. Regarding the A 
types of caseins, the difference between bovine A1 and A2 β-casein is only one amino acid of 209, since A2 
β-casein has a proline at position 67, while A1 β-casein has a histidine. Most probably this point mutation occurred 
several thousand years ago. The histidine at position 67 in A1 β-casein accelerated partial casein digestion, with 
the subsequent release of the opioid peptide BCM7, which can easily cross the blood brain barrier. It might 
probably lead to neuropsychiatric behavior patterns, observed in autism and schizophrenia (Meisel & FitzGerald, 
2000). The opinion that genetically β-casein A1 phenotypes are responsible for the “wrong milk” points out 
practical genomics to careful phenotyping for A1/A2 status and subsequent A2 cattle selection. 
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2.2 Pre-Dairy Chemical Contaminants, Drugs and Toxins 

A number of contaminants, from pesticides to drugs, toxins, hormones, heavy metals, pharmaceuticals, phthalates, 
carcinogens, synthetic chemicals, or veterinary drugs may appear in a pre-dairy process through the plant material 
(forage) or artificially via (uncontrolled) cattle treatment by the accidental feeding and further transmission of 
contaminants or its possible metabolite into the milk of dairy cattle. 

The plant toxin goitrin (5-viniloksazolidin-2-thione) exerts toxic effects on the thyroid gland, considered to be 
strumogenic. Toxins belonging the group of pyrrolizidines are present in Senecio plants jacobea (Bachmann et al., 
1985).  

The mycotoxins, especially aflatoxins (AF), are experimentally documented to act as the strong hepatotoxicants, 
which may induce liver and kidney cancer, teratogenicity and mutagenicity. The hazard ratio increases with the 
fact that the pasteurization and sterilization conditions are not able to destroy these toxins, which were documented 
to be heat resistant. Up to now several AF chemical forms and metabolites were documented to exist, such as 
B1,B2,G1,G2 and M. Metabolism of AF in liver is very complex and may occur in different ways, such as 
hydroxylation, epoxydation, hydratation or demethylation. Each of these steps mainly depends on catalytic action 
of liver corresponding microsomal enzymes, among which of essential importance belongs to cytochrome P450. 
Aflatoxicol appears as a secondary metabolite of Aflatoxin B1 (AFB1) after its reduction by the digestive tract 
flora. The appearance of aflatoxin M1 in milk of cattle, sheep and goats corresponds to the ingested aflatoxin B1, 
representing a biomarker of AF exposure, inspite of the fact that only 1.5% of AFB1 can be excreted as the 
metabolite AFM1 (Kiermeier, 1973). Other AF metabolites like AFM2 and AFM4 are present in a very small, 
almost negligible amount. Metabolites of AF are highly reactive compounds, they can bind covalently to DNA, 
making DNA adducts, what may induce DNA mutation. The additional damaging effect may appear from 
oxidative damage of cells, because of reduced glutathione depletion. Excess of reactive oxygen species may also 
led to programmed cell death (apoptosis). Epoxidation (8, 9, AFB1 epoxide) is of greatest importance for AF 
carcinogenic or delayed mutagenic potential, because of its electrophylic attack to nitrogen or oxygen of purine 
bases (AFB1-N7 guanine adduct). At the same time, epoxide level directly correlates with reactive oxygen species 
(ROS) level. From carcinogenic point of view, the adduct formation may be of importance by inducing mutation of 
p53 suppressor gene (Elaton & Gallanger, 2004). Main sources of mycotoxins are different feedstuffs, like forages, 
concentrates and preserved feeds, such as silage, hay, and straw (O’Brien, 2005). Aflatoxins may occur especially 
in energy-rich feedstuffs concentrates, such as the grains, corn, soybean, oil plants like sunflower seeds. 
Mycotoxins like fumonisins and zearalenone may be found in maize derived products, while trichothecenes and 
ergot alkaloids may be found in cereal grains (Nawaz et al., 1997). Ergovaline may be found in pasture grasses 
(Cheeke, 1995). After absorption they can be excreted into milk. Good agricultural practices (GAPs) is directed 
mainly toward different preventive strategies, such as proper growing and planting conditions, antifungal chemical 
treatment or dry collection of feedstuffs. As the new promising strategies are the approaches regarding possible 
destruction of mycotoxins by biodegradation process, using different microbes, like probiotic bacteria, enzymes, 
metals salts and surfactants (Salminen et al., 2010; Das et al., 2014).  

Artificially present pesticides or heavy metals may appear in soils and plants as a result of use of agricultural 
chemicals, industrial pollutant or car exhaust. Heavy metals, like Pb, Cd, Fe, Hg, Cu, represent persistent 
environmental hazard, causing a multi-organ failure, followed by many metabolic abnormalities, but followed also 
with the economic losses due to disease treatment costs (Bischoff et al., 2014). The pollution with Pb may occur by 
industrial processes emissions, like the traffic petrol, the smoke, but also because of the use of different paints. As 
a typical cumulative poison, it can be accumulated in bones and bone marrow, in the kidney and liver tissue, 
leading to the inhibition of hem synthesis and development of chronic anemia, encephalopathy, reproductive 
function failure. The carcinogenic and delayed mutagenic effects were also documented. The contamination of 
milk may be due to feeding of the cows with fodder collected near the big roads. Similar toxic effects can be 
diagnosed by Cd poisoning, with deposition and consequent damage of parenchimatous organs, like kidneys, liver, 
and lungs.  

Pesticides represent the most persistent pollutants in the environment, ingested through water or forages, causing 
contamination of milk. Among pesticides, most often are the lypophilic chemicals, exerting very high affinity to 
bind to lipid structures they can be easily accumulated in different tissue lipoprotein structures. Such types are 
chlorinated pesticides, organophosphates, herbicides, fungicides and anti-helmintic chemicals. They can cause a 
number of systemic toxic effects, such as anemia, reproductive failure, parenchimatous organs damage (liver and 
kidney) or brain damage. Some lactic acid bacteria may be useful in their degradation (Villarroel et al., 2013; 
Witczak et al., 2013; Zhou et al., 2015). 
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Antibiotics and sulphonamides can be present in cow milk as veterinary agents, after treatment of mastitis. 
Phthalates, phenolic compounds, detergents and desinfectants and their metabolites may usually get into water as a 
result of use of pharmaceuticals, agricultural chemicals, households chemicals or from industrial wastes (Khaniki, 
2007; Awasthi et al., 2012).  

An increasing focus on prevention of the pollution by radioactive compounds should be emphasized as well, 
because of possible local nuclear accidental catastrophes or other possible ways of contamination during war 
conditions. Among radioactive elements, the concentrations of radioactive cesium (134 and 137) Cs, iodine and 
uranium may be detected in dairy products from contaminated regions (Miyazaki et al., 2013; Belles et al., 2013).  

All of the above mentioned unwanted compounds may be detected during milk collection and can be avoided 
before the dairy manufacturing process by high quality control.  

3. Unwanted Compounds Which Could Be Eliminated during Dairy Manufacturing and Packing  
3.1 Milk Homogenization, Xanthine Oxidase Liberation and Urate Level 

Commercial liquid milk is commonly homogenized. Fresh, unprocessed milk contains different purine and 
pyrimidine compounds mainly as adenine and guanine ribonucleotides or free bases (hypoxanthine and xanthine). 
Purine ribonucleotides which are usually present in milk, can be degraded to uric acid by milk fat globule xanthine 
oxidase, during the dairy process of milk homogenization (Harrison, 2002; Harrison, 2006; Michalski, 2007). Milk 
fat globules are secreted after synthesis in the endoplasmic reticulum of the mammary gland. Since xanthine 
oxidase is located in the milk fat globule in its inactive form, procedures of homogenization of milk induces its 
liberation from fatty globules, what is also followed by a subsequent activation. Xanthine oxidase may also be 
activated during milk intestinal digestion (Harrison, 2002). In the above reactions, a strong free radical, superoxide 
anion is liberated. The activity of xanthine oxidase in breast milk seems to be beneficial in the newborn period, as 
a major bactericidal element for the prevention of gut infection (Stevens et al., 2000). But in a later age, the activity 
of xanthine oxidase may be harmful because of its prooxidative function. A hypothesis about possible atherogenic 
effect of xanthine oxidase proposed that XO after its gastrointestinal absorption may across into the bloodstream, 
where it can damage endothelium by binding, immune reactivity and in situ free radical production (Harrison, 
2002). Since enzymes, as protein structures, can be inactivated (denaturated) by using high temperature, the UHT 
sterilization would be the most suitable way of its inactivation.  

Regarding the presence of uric acid in milk, its possible harmfull effects were documented in primary 
hyperuricemia (gout, urate nephrolithiasis, Lech-Nychan syndrome), secondary hyperuricemia (preeclampsia, 
cardiovascular diseases, hypertension, diabetes mellitus, stroke, dementia, obesity, alcohol abuse, tumor lysis 
syndrome, AIDS, psoriasis, high sport demands, age over 65 and “stress manager disease”) (Sculley et al., 1992; 
Dincer et al., 2002; Iseki et al., 2004; Schretlen et al., 2007; Tatli et al., 2008; Gonzalez et al., 2008). High uric acid 
in blood may increase several times cardiovascular risk or stroke and can enhance oxidation of LDL lipoproteins 
(Feig et al., 2008). Hyperuricemia may be linked to disorders in cognitive functioning and in dementia (Schretlen 
et al., 2007). In order to satisfy the demand of healthy dairy product for population under hyperuricemic risk, we 
produced milk almost free of purine and uric acid. Our experimental studies documented positive impact of 
depurinized milk on liver regenerative signaling transduction pathway, anti-apoptotic signaling, myocardial 
reparation, antioxidative potential and bone-marrow stem cell potential (Kocic et al., 2014a, 2014b). Urate crystals 
can induce immuno-inflammatory effect acting as the damage-associated mollecular patterns (DAMP), after 
binding to the surface of antigen-presenting cells, what induces strong IL-1β production (Foell et al., 2007; Cheng 
et al., 2008). Uric acid can induce mechanical endothelial damage, vascular remodeling, smooth muscle cell 
proliferation and endothelial dysfunction, can increase platelet adhesiveness and aggregability, and can stimulate 
neutrophils adhesion. Urate crystals were detected inside of the atherosclerotic plaques (Feig et al., 2008). Urates 
can aggravate eclamptic pregnancy, by inducing inflammation, endothelial dysfunction, hypertension, they may 
damage placenta, affecting in this way intrauterine growth (Bainbridge & Roberts, 2008). Since the linear 
correlation between the uric acid level and the appearance of symptoms of cardiovascular or renal dysfunction was 
not documented, it would be recommended to avoid uric acid or their source (purines) of food especially in older 
age (Dincer et al., 2002). In order to satisfy the demand of healthy dairy product for population prone to uric acid 
unwanted effects, we produced “depurinized” milk almost free of purine nucleotides and uric acid (Kocic et al., 
2014a, 2014b). 

3.2 Milk Fats 

The milk as a source of the milk fat in an amount of 3-4%, can significantly contribute to the general nutritional 
input of lipids. Milk fat is composed of neutral lipids (primarily triglycerides) and polar lipids, structured as 
emulsified milk fat globules (MFG), finely dispersed as very small (5-10 microns in diameter) drops in the water 
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phase. The fatty acids involved in composing milk triglycerides are very different in carbon size (from 4 to 26 
carbons), mainly saturated (about two thirds), branched and linear, regarding the structure of carbon chain. About 
12% of the fatty acids are short-chain, such as butyric, caproic, caprylic, capric acids, conjugated linolenic acid, 
sphingolipids and fat soluble vitamins (A, D, E and K). Regarding the milk fat involvement in atherogenic blood 
lipid profile with high LDL lipoprotein content, associated with cardiovascular risk, the main contribution belongs 
to saturated fatty acids, the level of which exceeds 60% in milk. The most hazardous of them are C12, C14 and C16 
chain saturated milk fatty acids. Others, like short-chain fatty acids, polyunsaturated fatty acids or branched fatty 
acids have been documented to possess bioactive properties, having influence on gene expression, exerting 
hormone-like, anticancerogenic and antimicrobial activity and may decrease cardiovascular risk through the 
decrease of LDL cholesterol level (Parodi, 2004). 

The effect of milk fats on human health may be considered to be favorable to human health, compared to other 
animal fat sources, but unfavorable, compared to low or fat-free milk. That is why the dairy industry has in recent 
years worked intensively on manufacturing the low-fat, fat-modified or fat-free milk, what involved filtering out 
the fat from the milk or supplementation of polyunsaturated fatty acids (Markey et al., 2014; Ferreiro et al., 2015). 
Above mentioned articles may suggest that low-SFA or fat-modified milk should be preferred, regarding 
cardio-metabolic benefit, when compared to commercially available whole milk dairy products. In the newest 
meta analysis a total of 22 studies were analyzed regarding the role of low-fat dairy products in preventing 
cardiovascular diseases. Above mentioned meta analysis supported this finding (Qin et al., 2015). The low-fat milk 
can be protective against development of type 2 Diabetes Mellitus through moderate insulin sensitizing effect, as 
recent meta analysis has been documented (Abedini et al., 2015). Beside low fat milk recommendation, the quality 
improvement in milk fatty acids composition can be achieved by changing the animal feeding type (organically 
managed cows) by supplementation of polyunsaturated fatty acids, short-changed fatty acids, antioxidants, 
vitamins A, E, and trace element Selenium (Martemucci & D’Alessandro, 2013; Ferreiro et al., 2015). 

3.3 Lactose 

Lactose represents a normal constituent and the most important sugar in milk. The Scientific Committee 
recommendations for nutrition and food standards agencies admitted lactose as an atherogenic factor of diet. Well 
known ‘French paradox’, regarding the unexplained lower cardiovascular mortality may be explained, beside 
other factors, by increased prevalence of lactose intolerance and cheese (low lactose) supply more than milk 
drinking. Insulin resistance syndrome that was almost commonly seen in some African blacks and Pima Indians 
may be linked with high appearance of lactose intolerance and low milk intake. If milk lactose may be risk factor 
for the development of atherosclerosis depends mainly on the activity of intestinal lactase, which catalyzes its 
degradation to glucose and galactose. With regard to chemical properties and affinity to carriers, galactose is 
reabsorbed from the intestines by using the same carrier (specific for the position of the hydroxyl group on carbon 
two) as glucose, and then, under physiological conditions it undergoes mainly to specific galactokinase-dependent 
metabolic pathway. Congenital disorder of galactose metabolism leads to cataracts as a result the osmotic activity 
of galactose, which after entering the cells, can be converted into galactitol. A number of experimental data about 
the toxicity of galactose initiated clinical observations related to its cardiovascular risk (Segall, 1994, 2002). 
Galactose possesses higher affinity for nucleophilic attack and protein nonenzymatic galactosylation than glucose 
for glycation. Some experimental results documented that cell proteins can be galactosylated about 4-fold faster 
and more extensively, than glycosylated, compared under equimolar incubation conditions. Insulin makes more 
effective entry of galactose in a cell than the entry of glucose, contributing to the retention of glucose and 
development of insulin resistance or other long-term complications (Segall, 2002). Because of that, it is 
particularly important to distinguish milk types indicated as “lactose-free milk”. It should be clarified if it really 
represents a sugar-free milk, or milk containing digested lactose to their monosaccharides, glucose and galactose. 
It can be identified clearly on the label packaging, but customers are supposed to know to interpret the packaging. 
For lactose intolerant (insufficient in lactase) young people, the milk containing digested lactose to glucose and 
galactose is suitable. If a person suffering from diabetes consumes the milk containing digested lactose, a chance to 
“better” absorbance of mentioned monosaccharides became higher. Proposed methods of chromatografic 
adsorption of lactose, proposed by Harju (2007) are now in use by some dairy manufacturers, but new challenges 
might be to the use of non-toxic natural lectins, according to experimental data of their properties. 

3.4 Contaminants of Milk Packing 

During the post-processing period, the dairy products may aquire potentially toxic substances as well. Phthalates, 
as unwanted lipophilic toxic compounds (plasticizers), are usually added to PVC for softening (Sorensen, 2006). 
They may appear in milk as a result of migration from plastic packaging. Exposure to phthalates may be linked to 
lungs, liver, kidneys injury and cancer development, increased blood pressure and endocrine system alteration 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 5; 2015 

159 

(endocrine-disrupting chemicals-EDCs), accompanied with reduced male fertility. One way to reduce phthalate 
exposure includes avoiding products made of PVC plastics (“phthalate-free” on packaging), by choosing natural 
packing materials. In our study by using commercial 1.5% fat UHT cow milk, we isolated about 36 potentially 
toxic volatile chemically different aliphatic and aromatic aldehydes, ketones, carboxilic acids, sulphur compounds 
and six phthalate types. Technological procedure by using our device system was able to eliminate (adsorb) more 
than 90% of identified phthalates, supporting technology innovation in the dairy processing (Kocic et al., 2014a).  

4. Conclusion 
In conclusion, some milk ingredients or contaminants may directly affect human health, by having the influence on 
genomic, proteomic and metabolomic events, and these in turn may lead to disease initiation, development, or 
progression. Good agricultural practices (GAPs) concerning dairy industry should be directed to integrate different 
preventive strategies to ensure each stage of dairy processing. Since each body may respond differently to the same 
dairy product, the dairy industry may be supposed to produce different milk types, to satisfy personalized nutrition 
concept.  
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