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Introduction

Human diet should vary in terms of nutritional components content.
Przybojewska and Rafalski (2003) and Barr (2003) state that it should con-
tain about 60 of these. Such components treated as a source of energy and
cell regeneration, as well as regulators are used in repetitive biochemical
and physiological processes, which are especially intense in young organ-
isms (with their growth and development) and essential to a proper function-
ing of the older organisms. Milk plays a significant role in fulfilling an adult
human needs because milk itself, as well as dairy products are a main part of
consumable functional products in human’s diet.

Research shows that the biological value of milk depends on the content
of its bioactive (the so-called functional) components of pro-health value,
which may play a huge role in human health maintenance preventing obesity
and cancerous changes in cells among others (Parodi 1997, Barr 2003, Ze-
mel 2003, Reklewska et al. 2005, Nalecz-Tarwacka 2008). Proteins, pep-
tides, amino acids, vitamins, enzymes, sterols, phospholipids, fatty acids are
all called biologically active substances. Such components have a significant
impact on changes taking place in a human organism. Polysaturated fatty
acids deserve special attention due to their documented anticancer, antioxi-
dative and antiatherosclerotical features. What is more, they have anti-
inflammatory and antibacterial effects while also lowering blood pressure
and increasing body’s immunity (Regester 1997, Zegarska 1998, Reklewska
and Bernatowicz 2002, Marciniak-Lukasiak and Krygier 2004, Barfowska et
al. 2005, Krol et al. 2006).
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The nutritional value of milk is made up of its energetic value, digesti-
bility and absorbability, as well as biological features. In the dry weight of
milk basic components essential to proper functioning of our organisms are
contained, among which the most important are: fat, protein, lactose, miner-
al components and vitamins. The energy value of milk in 49% results from
the fat content, in 40% from milk sugar and in 11% from proteins. Milk
composition is not constant and mainly depends on cow race as well as nu-
trition, subsequent lactation, phase of lactation, season, feeding or even herd
maintenance (Walstra and Jenness 1984, Walstra et al. 1999, Lindmark-
Maénsson 2003, Jozwik et al. 2009).

Pro-health features of milk

One of the main components of cow’s milk is fat in the shape of liquid
fat drops of 0.1 to 20 micrometer diameter, which gives it a pleasant flavor.
It is characterized by a high digestibility reaching 99% (Puppel and
Kuczynska 2009). Fat content may range from 2,8 to 8,1% depending on
race, nutrition, individual properties, lactation phase etc. (Barlowska and
Litwinczuk 2009). Milk fats consist of simple and complex fats.

Simple fats (filling the interior of drops) consist of triacylglyceroles,
forming about 98% of all milk fat, as well as the shell of fat drop, diacyl-
glyceroles of share from 0,28% to 2,25% and monoacylglyceroles from
0,1% to 0,4%. Complex fats consist of phospholipids (from 0,2 to 1,1%),
free fatty acids (0,1-0,4%), sterols (0,42%), carotenoids, cerebrosides
(0,1%), gangliosides (0,01%) and fat-soluble vitamins (A, D, E and K) (Jen-
sen and Newburg 1995, Reklewska and Bernatowicz 2002, Mac Gibbon and
Taylor 2006, Gorska et al. 2006).

From 400 to 500 different fatty acids (Tab. 1) are included in fat
(Jurczak 1999, Reklewska and Bernatowicz 2002, Barfowska and Lit-
winczuk 2009). Fifty one of those stand for 95% of all acids in terms of
weight. The content of the other acids is trace only (Jaworski 1995, Lit-
winczuk et al. 2004, Parodi 2004).

Table — Composition of milk’ lipids (Barfowska and Litwinczuk,
2009)

Lipids group Components Content
triacylglyceroles 95.8-98.3 % of all fat

Simple fats diacylglyceroles 0.28-2.25 % of all fat
monoacylglyceroles 0.003-0.38 % of all fat
phospholipids 0.2- 1.11 % of all fat

Complex fats cerebrosides 0.1 % of all fat
gangliosides 0.01 of all fat

Free fatty acids 0.1- 044% of all fat

Derivatives steroles 0.30- 0.45 % of all fat
carotenoids 6-10 pg/g of fat
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The rest of the table

Vitamin A 6-20 pg/g of fat
Accompanying Vitamin D Traces
substances Vitamin E 5-100 pg/g of fat

Vitamin K I pg/g of fat

Fatty acids of ruminants’ milk containing from 4 to 14 atoms of carbon
are produced mainly during the fermentation processes in rumen from the
so-called volatile fatty acids and are synthetized by the secretory tissue of
the mammary gland. Acids of longer chains originate from the blood plasma
(Barfowska and Litwinczuk 2009).

Short and medium-chained fatty acids are unique to cows’ milk (14% of
all fatty acids), which are used completely as the energetic fuel in muscles,
heart, liver, kidneys, plasma cells and nervous system among others. Such
acids do not play a role in an increase of level of lipids in blood and do not
pose the risk of obesity (Rafalski 1996, Banaszkiewicz 2001). What is more,
butyric acid plays a significant role in the prevention and therapy of colon
cancer. It stops the synthesis of DNA in nuclei of cancerous cells, thus sto p-
ping their development. Short-chained fatty acids may have a therapeutic
impact on some pathologic states in colon, including colon inflammation or
ulcerative inflammation of colon (Przybojewska and Rafalski 2003).

Acids containing 16 and more carbon atoms in their chain are the so-
called higher fatty acids. They are about 56 — 68% of all fatty acids
(Barfowska et al. 2006, Jaworski 1995, Pisulewski 2000). Among the men-
tioned acids palmitic (Cy¢:0) [from 25 to 30% of all acids] and stearic (Cig:0)
dominate (Kolanowski 2007, Pisulewski 2000, Reklewska and Bernatowicz
2002). Lauric (Cy2:0) and myristic (C14:0) acids increase the risk of circulato-
ry system diseases (Skrzypek 1999, Sundram et al. 1994, Zegarska 1998).
Stearic acid (Cyg:0) is neutral and due to the fact that it easily transforms into
the oleic acid (Cyg:1) it is included into the unsaturated acids group. That is
why more often features lowering cholesterol level in blood (Skrzypek
1999) are attached to it. Besides lauric and myristic acids the palmitic acid
increases the low density lipoprotein (LDL) level and the overall content of
cholesterol as well, at the same time increasing the tendency of platelet ag-
gregation causing vascular clots. The overconsumption of LDL also increas-
es the risk of circulatory system diseases and heart infarction on the athero-
sclerotic basis (Wilke and Clandinin 2005).

Remaining fatty acids of milk are the ones consisting of one or more
double bonds. Among the total amount of fatty acids 30% of them are mo-
noenoic ones, where 25% are oleic acids. A positive role of those acids in
atherosclerosis prevention has been proved (Reklewska and Bernatowicz
2002, Zegarska 1998).
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Milk fat contains a small amount of necessary unsaturated fatty acids
(UFA) as well — about 3%. Those acids are not synthetized in the organism
and that is why they have to be supplied with food and then polyunsaturated
fatty acids (PUFA) are created from them in processes of dehydrogenation
and chain elongation. They contain from 2 to 6 unsaturated double bonds.
They belong to two families mainly i.e. a-linolenic acids, omega 3 (n-3) and
linoleic acid, omega 6 (n-6). It is important to keep proper proportions be-
tween the share of n-6 to n-3 family acids, which should be somewhere be-
tween 4-10 : 1 (Simopoulos 2002).

The important acids from the health perspective are UFA (unsaturated
fatty acids) acids: Cyg:2 (linoleic acid) (n-6) and Cyg.3 (a-linolenic acid) (n-3)
as well as the long-chained acids created from them (more than 18 carbon
atoms and more than 3 unsaturated bonds). Arachidonic acid (Cz:4 , N-6),
eicosapentaenoic acid (Cy:5 , n-3) and docosahexaenoic (Cy:6 , N-3)
(Marciniak-Lukasiak and Krygier 2004).

Presented acids are essential, especially in newborns and infants nutri-
tion in the first months of life. They have many different functions, condi-
tion proper development of the nervous system and eye retina. Their bioac-
tive features are antisclerotic and anticholesterol actions among other. Un-
saturated fatty acids are the precursors of prostaglandins and are a part of the
cell wall’ phospholipids, thus enabling them having an impact on all func-
tions of cells (Reklewska and Bernatowicz 2002).

The most important fatty acids of the desired pro health action are oleic
acid (from the n-9 family), which blocks the absorption of food cholesterol,
lowers the content of LDL cholesterol, lowers the viscosity of blood and has
an impact on the lowering of blood pressure, linoleic acid (from the n-6
family) and created from it arachidonic acid (the precursor of prostaglandins
and leukotrienes), as well as fatty acids from the n-3 family (for example
eicosapentaenoic and docosahexaenoic acids) (Nalecz-Tarwacka 2008).
Polyunsaturated fatty acids of the n-6 and n-3 groups are a part of the cellu-
lar wall phospholipids. Released from phospholipids they are substrates for
eicosanoids synthesis including prostaglandins (PG), prostacyclins (PGl),
thromboxanes (TXA) and leukotrienes (LT), as well as lipoxins (Turley and
Strain 1993, Simopoulos 2002).

Health impact of polyunsaturated fatty acids is mainly connected to the
effects of activity of eicosanoids which have an impact on regulation of ac-
tion of cardio-vascular system, blood pressure, clotting processes, triacy I-
glyceroles concentration in plasma, immunologic response and inflammato-
ry processes, cell proliferation and cancer development, regulation of hor-
monal and neurotransmitters activity, gene expression, kidney functioning
and pain reception, they prevent coronary insufficiency of heart, increase
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immunity, take part in lipid transportation, including cholesterol, as well as
lower cholesterol level in circulating blood (Cichosz 2007, Kolanowski
2007, Nafecz-Tarwacka 2008, Kowalski et al. 2010, Zwierzchowski et al.
2011).

Cow milk contains about 70% of saturated fatty acids and 30% of un-
saturated acids. Among the unsaturated acids the monounsaturated fatty
acids (MUFA) stand out as the ones which are about 83% of all unsaturated,
acids as well as polyunsaturated acids (poly unsaturated fatty acids —
PUFA), which are about 17% (Brzéska et al. 1999, Lindmark-Mansson
2003).

Conjugated dienes of linoleic acid (CLA) belong to the poly unsaturated
acids category, where geometrical configuration of their double bounds may
be both cis and trans. Bauman et al. (2000), while studying the CLA content
in butter, isolated three forms: cis-trans, trans-trans and cis-cis. They have
shown that these forms were: 85,8%, 9,4% and 4,8% appropriately with the
overall CLA content in milk’s fat being 5,3 mg/g. According to Parodi
(2004) in the fat there may be over 30mg of CLA/g of fat, with the biologi-
cally active cis-9, trans-11 isomer dominating. The overall CLA content in
cow milk products ranges from 2,9 to 11,3 mg/g of fat, with the CLA of cis-
9, trans-11 configuration being 73-93% of all the acids from this group. The
richest source of CLA is cheese.

Milk contains cholesterol as well, which is 0,2 to 0,4% of all milk li-
pids. The average cholesterol content in milk, with the fat share of 3,5% is
12mg, whereas in butter — 240mg/100g of fat. In the milk’s fat about 90% of
cholesterol appears in the free form, whereas the rest is esterified with the
linoleic acids (18:2), palmitic (16:0) and oleic (18:1) (Zegarska 1998).

Pro-health features of fat inthe ecological milk

The main assumption of the ecological milk production is feeding of the
animals using volumetric feeds coming from the same farm or other farms
using the ecological methods of production. Such feeds should cover both
existential, as well as production needs of cows. In this system of breeding
the quality of produced milk is more important than achieving the maximum
performance of animals. Cows should use pasture with the lower feeds’
share in the nutritional dose. As a result, cows kept in the ecological farms
achieve lower yield than cows fromthe conventional farms in return produc-
ing milk of higher biological value.

Milk composition depends mainly on feeding and animal keeping, dif-
ferent in the ecological and conventional systems. Ecological milk contains
more beneficial proteins than the conventional milk such as: a-lactalbumin,
B-lactoglobulin and lactoferrin. Milk coming from pastured cows or fed with
fresh feed, rich in species-varied plants, has a significantly higher ratio of
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unsaturated acids (PUFA) to saturated acids (SFA) and better ratio of PUFA
Q-6 to Q-3. Ecological milk has a higher PUFA, CLA cis-9, trans-11, t-
vaccenic acid (TVA) and a-linolenic acid (LNA) content in comparison to
the conventional milk. The profile of fatty acids in cow milk fed with grass
forage is more beneficial in comparison to the milk from cows which re-
ceived corn forage. Red clover, linseed, rapeseed and fish oils all have a
positive impact on fatty acids composition in milk. During the pasture peri-
od the milk of cows from the ecological farms has a higher content of vita-
mins soluble in fats (A, D, E and K) than the milk of animals not using pas-
tures. The content of mineral components in cows’ milk from the ecological
farms depends on their content in soil and green forage.

“Bioactive components” mean components naturally appearing in food
in small amounts, which have an impact on the consumer organism on the
physiological, behavioral or immune response levels. Immunoglobulins,
hormones, cytokines, growth factors, polyamides, nucleotides, peptides,
enzymes and other bioactive peptides all belong to the bioactive substances
of the protein fraction of milk category. Bioactive substances appear also in
the fat fraction. Fatty acids belong to this one, and among them mono - and
polyunsaturated ones, vitamins soluble in fats, carotenoids, as well as phos-
pholipids and sphingomyelins. Mineral components contained in milk are
also significant for human health.

Proteins and peptides make up a significant part of the dry weight of
milk. The biggest share have caseins, which stand for about 80% of milk
proteins. Four polypeptides called caseins are what makes these up and they
are: aS1 (55%), aS2 (25%), B (15%) i x (5%). Whey proteins: a-
lactalbumins (0-LA), B-lactoglobulins (B-LG) and plasma albumins (serum),
as well as immunoglobulins (IgA, IgM, IgG) and glutathione tripeptide are
the next largest fraction in milk. In the research of Reklewska (2003) the
concentrations of a-LA, B-LG and lactoferrin in the milk of pastured cows
were: 1,14 g/, 3,7 g/l, 116,2 mg/l appropriately and were significantly high-
er than their content in the milk of cows fed in the TMR system, appropri-
ately: 1,0 g/l, 3,17 g/l and 88,3 mg/I.

Kuczyfiska et al. (2011) reported similar dependencies (besides a-LA)
in the ecological milk, while comparing to the conventional milk. Milk from
cows from the ecological farms contained significantly more p-LG, lactofer-
rin and lysozyme, appropriately: 4,12 g/l, 334,9 mg/l, 15,68 pg/l in compari-
son to their concentration in the milk of conventionally kept cows (2,68 g/I,
188 mg/l, 12,56 pg/l). A positive impact of feeding animals with legumes on
the content of the casein proteins in milk and the share of k-casein in them
was also observed.

303



Fat content in the cow’s milk is highly variable and amounts from 30 to
about 50 g/I. Most of the fat fraction in milk (about 95%) consists of triacy |-
glyceroles, which consist of fatty acids of different chain lengths and varied
level of saturation. Next fat fractions of milk are : about 2% of diacylglycer-
oles, less than 0,5% of cholesterol, about 1% of phospholipids and about
0,5% of free fatty acids. More than a half of the fatty acids in milk are satu-
rated.

Unsaturated fatty acids can be separated into monounsaturated (MUFA)
and polyunsaturated (PUFA). Among the PUFA acids n-3 and n-6 families
are recognizable. The ratio of the amount of n-6 to n-3 acids is essential to
human health. Bergamo et al. (2003) suggest that the n-6/n-3 ratio should
range from 1 to 4. In the diet of citizens of highly developed countries it is
sometimes about 7-10, or even more. One of the most essential MUFA acids
is the oleic acid (C18:1, c9), which appears in milk in a high amount and
stands for about 25% of the fatty acids mass. PUFA content in milk is about
2 g/l, including the biggest share of linoleic (Cyg:2 n-6) and a-linolenic acids
(C1s:3 n-3)- The ecological milk is the richest source of CLA (conjugated lino-
leic acid) (Cig:2 cis-9, trans-11) also called the rumen acid, as it is synthetized in
the rumen from the linoleic acid.

Many studies confirmed the impact of feeding with fresh green forages
on the profile of the milk’ fatty acids. Kuczynfiska [2011] showed a signifi-
cant increase of content of such bioactive fatty acids as : vaccenic TVA,
CLA and a-linolenic (LNA) in the milk of cows fed with fresh green forag-
es. There is a positive, linear dependency between the share of green forage
from pasture in the nutritional dose and the content of t-vaccenic and CLA
acids in milk.

Ellis et al. (2006) stated that milk from the ecological farms contained
60% more polyunsaturated acids (PUFA) and n-3 as opposed to the conven-
tional milk. As a result, the ecological milk was characterized by the lower
(beneficial) ratio of the n-6 and n-3 acids, as well as a higher PUFA content
in comparison to MUFA. Butler et al. (2011), after results’ analysis of the
observations held in several Western European countries stated that the eco-
logical milk contains less n-6 acids and more n-3 acids, resulting in the n-
6/n-3 ratio in the conventional milk being higher than 2,5, whereas in the
ecological milk — less than 1,25.

In contrast to grass and legume silages, the corn silage has a negative
impact on the composition of fatty acids in the milk of cows that consume it.
Frelich et al. (2009) have shown that along with the increase of share of the
corn silage in the feeding dose came the increase in content of the saturated
acids in milk. In corn and grass silage feeding the content of saturated fatty
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acids in the pool of all fatty acids was 67,6 and 62,9% appropriately, where-
as PUFA was 3,6 and 4,7%.

Content of fatty acids in the feed directly impacts their content in milk —
especially PUFA, which are not synthetized by cow’s organism. Wood et al.
(2004) have proven the impact of flax, sunflower and rape seeds, as well as
fish oil added to the feed on the level of desired fatty acids. Palmquist and
Griinari (2006) have analyzed the impact of an addition of different propor-
tions of oils from fish oil to the sunflower oil: 0,33, 0,67 and 1,0 on the pro-
file of fatty acids in milk. They stated that the biggest share of CLA (Conju-
gated Linoleic Acid) (114 mg/g of fatty acids) was in the milk of cows,
which received the addition of fish and sunflower oils in 0,33 and 0,67 pro-
portions. The content of Cyy:5 n.3 (EPA, eicosapentaenoic) and Cyz6 n-3
(DHA, docosahexaenoic) acids increased linearly and at the peak it amount-
ed 6,8 mg/g and 0,9 mg/g of fatty acids only after the addition of fish oil.
That is due to the content of those fatty acids in the fish oil — 120,4 and
101,1 mg/g of fatty acids, whereas in sunflower oil the content of these acids
was below the detection level. However, the excess of fat in the feeding
dose may lower the activity of the bacterial flora of rumen and as a conse-
quence lower feed digestibility. In the case of fish oil use the deterioration
of sensory values of milk may happen.

Conclusions

Milk, due to its rich and varied composition, is one of the most basic
components of human diet. Contained proteins are a source of many easily
absorbed amino acids, such as lysin, methionine or tryptophan. Milk’s fat,
rich in omega-3 and omega-6 fatty acids, makes it a source of essential un-
saturated fatty acids. Milk is rich in easily absorbed macro- and microele-
ments (calcium, phosphorus, chlorine, magnesium) as well which are essen-
tial to the proper course of biochemical processes in human organism.

REFERENCES

1. Banaszkiewicz T. 2001. Zywienie jako czynnik modyfikujacy sktad kwasow ttuszczowych w
produktach pochodzenia zwierzecego. Przegl. Hod. 69: 23-27.

2. Bartowska J., Litwinczuk Z. 2009. Wiasciwosciodzywceze i prozdrowotne ttuszczu mleka.
Med. Wet. 65(3): 171-174.

3. Bartowska J., Litwinczuk Z.,KrolJ., Topyta B. 2006. T echnological usefulness of milk of
cows of six breeds maintained in Poland relative to a lactation phase. Pol. J. Food Nutr. Sci.
15/56(SI 1): 17-21.

4. Bartowska J., Litwinczuk Z., Topyta B., Kré1J. 2005. Wiasciwosci fizyko -chemiczne mleka
krow czarno-biatych i czerwono-biatych w okresie wiosenno-letnim z uwzglgdnieniem fazy
laktacji. Rocz. Nauk. PTZ. 1(1): 163-170.

5. Barr S.1. 2003. Increased dairy product or calcium intake: is body weight or composition
affected in humans? J. Nutr. 133: 245-248.

6. Bauman D.R., Barbano D.M.,Dwyer D.A., Grimari J.M. 2000. Production of butter with
enhanced conjugated linoleicacid for use in biomedical studies with animal models. J. Dairy
Sci. 83:2422-2425.

305



7.Bergamo, P, E. Fedele, L. lannibelli, and G. Marzillo. 2003. Fat soluble vitamin contents
and fatty acid composition in organic and conventional Italian dairy products. Food Chem. 82:
625-631.

8. Brzoska F., Ggsior R., Sala K., Zyzak. 1999. W ptyw soli wapniowych kwasow ttuszczowych
na wydajnosc¢ i sktadniki mleka krow. Roczniki Naukowe Zootechniki. 26(3): 143-157.
9. Butler G, Stergiadis S., Seal C., Eyre M., Leifert C. 2011. Fat composition of organic and
conventional retail milk in northeast England. J.Dairy Sci. 94(1): 24-36. Doi: 10.3168/jds.2010-
3331.

10. Cichosz G. 2007. Prozdrowotne whasciwosci thuszczu mlekowego. Przegl. Mlecz. 5: 4 -8.
11. EllisK.A., Innocent G., Grove-WhiteD., CrippsP., McLean W.G., Howard C.V., Mihm M.
2006. Comparing the fatty acid composition of organic and conventional milk.J. Dairy Sci. 89:
1938-1950.

12. Frelich J., SlachtaM., Hanus O., Spiéka J., Samkova E. 2009. Fatty acid composition of
cow milk fat produced on low-input mountain farms. Czech J. Anim Sci. 12: 532-539.
13. Gorska A., Mro6zB. Rymuza K., DgbskaM. 2006. Zmiany wzawartosci biatka i ttuszczu w
mlekukrow czarno-biatychi czerwono-biatych wzaleznosci od stadium laktacji i pory roku.
Rocz. Nauk. PTZ. 2(1): 113-119.

14. Jaworski J. 1995. Sktad thuszczu mlekowego - uwarunkowania srodowiskowe. Mat. Konf.
Nauk ART, nt.: "Ttuszcz mlekowy w zywieniu cztowieka". Olsztyn 22-23 wrzesnia. 5-19.
15. Jensen R.G., Newburg D.S. 1995. Bovine milk lipids. Handbook of milk composition.
Jensen RG London, Academic Press. s. 543 — 75.

16. Jozwik A., Strzatkowska N., Krzyzewski J., Bagnicka E., Horbanczuk J. 2009. Wptyw
czynnikow genetycznych i srodowiskowych na zawartos¢ sktadnikéw bioaktywnych, wartosé
odzywezg i przydatnos$é technologiczng mleka kréw. Przegl. Hod. 11: 6-11.

17. Jurczak M.E. 1999. Mleko. Produkcja, badania, przerob. Wyd. SGGW. Warszawa. s. 7-54.
18. Kolanowski W. 2007. Diugotancuchowe wielonienasycone kwasy ttuszczowe omega-3,
znaczenie zdrowotne wobnizaniuryzyka chorob cywilizacyjnych. Bromat. Chem. T oksykol.
XL: 229-237.

19. Kowalski I.M., Protasiewicz-Fatdowska H., J6zwiak-Grabysa D., Kiebzak W ., Zarzycki D.,
Lewandowski R., Szarek J. 2010. Environmental factors predisposing to pain syndromes
among adolescent girls with diagnosed idiopathic scoliosis. J. Elem. 15(3): 517-530.
20.KrolJ., Litwinczuk Z., Bartowska J., Kedzierska - Matysek M. 2006. A contentof macro-
andmicroelements in milk of black-white and Simentals cows throught the summer and winter
feeding seasons. Pol. J. Environ. Stud. 15(2A): 395-397.

21. Kuczynska B. 2011. Sktadniki bioaktywne i parametry technologiczne mleka produ-
kowaneao w gospodarstwach ekologicznych i konwencjonalnych. Rozpr. Nauk. Monogr.
SGGW Warszawa.

22. Lindmark - Méansson H.: Composition of Swedish dairy milk 2001. Report Nr 7025-P (In
Swedish), Snedish Dairy Association, 2003.

23. Litwinczuk A.,Bartowska J., Krol J., Kedzierska-Matysek M. 2004. Polimorfizm bialek
mleka ukrowras mlecznych i migsnych z regionu srodkowowschodniej Polski. Przeg. Hod 10:
10-13.

24. Mac Gibbon A.H.K., Taylor M.W. 2006. Composition and structure of bovine milk lipids.
Advanced dairy chemistry. Fox PF McSweeney PLH New York, Springer. s. 1-42.

25. Marciniak—Lukasiak K., Krygier K. 2004. Charakterystyka kwasow omega-3 i ich zasto-
sowanie w zywnosci funkcjonalnej. Przem. Spoz. 12: 32-36.

26. Natgcz-TarwackaT. 2008. Prozdrowotne sktadniki frakcji thuszczowej mleka i czynniki
warunkujace ich zawarto$¢. Przeg. Hod. 11: 4-8.

27. Palmaquist DL, Griinari JM. 2006. Milk fatty acid composition in response to reciprocal
combinations of sunflower and fish oil in the diet. Anim. Feed Sci. Technol. 131: 358-369.
28. Parodi P.W. 1997. Cows' Milk Fat Components as Potential Anticarcinogenic Agents. J.
Nutr. 127: 1055-1060.

306



29. Parodi P. W.2004. Milkfat in human nutrition. Australian J Dairy Technol. 59: 3-59.
30. Pisulewski P. M. 2000. Zywieniowe metody modyfikowaniasktadu kwasow thuszczowych
zywnosci pochodzenia zwierzgcego. Przem. Spoz. 10: 6-8.

31. KuczynskaB., Puppel K. 2009. Profil kwasow ttuszczowych mleka krowiego w zaleznosci
od rasy, sys-temu zywienia oraz pory roku. Przeg. Mlecz. 1: 10-14.

32. Przybojewska B., Rafalski H. 2003. Kwasy ttuszczowe wystepujace w mleku a zdrowie
cztowieka (cz. 4). Krotkotancuchowe nasycone kwasy ttuszczowe SCFA (cz. 1). Przeg. Mlecz.
9: 343-346.

33. Rafalski H. 1996. Mleko zapewnia i promuje zdrowie cztowieka. Przeg. Mlecz 8: 225 -226.
34. Regester G.O., Smithers G.W., Mitchell I.R., Mcintosh G.H., Dionysius D.A. 1997. Bioac-
tive factorsin milk: natural and induced. In: Milk composition, production and biotechnology.
Ed. R.A.S. Welch, D.J.W. Burns, S.R. Davis, A.l. Popay, C.G. Prosser, CAB International
USA. 5.119-132.

35. Reklewska B., Bernatowicz E., Reklewski Z., Kuczyniska B., Zdziarski K., Sakowski T.,
Stoniewski K. 2005. Functional components of milk produced by Polish Black and White,
Polish Red and Simmental cows. El. J. Pol.Agricult. Univ — Anim. Husbandry. 8(3).

36. Reklewska B., Bernatowicz E.: Bioaktywne skladniki frakcji tluszczowej mleka. Przegl.
Hod., 2002; 70: 1-6.

37. Simopoulos A. P.2002. Theimportance ofthe ratio of omega-6/omega-3 essential fatty
acids. Biomed. Pharmacother. 56: 365-379.

38. Skrzypek R. 1999. Wplyw ttuszczu zawartego w pokarmie na zdrowotno$¢ konsumenta,
znaczenie ttuszczu mlekakrowiego i wotowiny. Mat. VII Szkoty Zimowej z zakresu Hodowli
Bydta, Zakopane. 246-269.

39. Sundram K., Haves K. C., Siru O. H. 1994. Dietary palmitic acid results in lower serum
cholesterol than does a lauric-myristic acid combination in normolipemic humans. Am. J. Clin.
Nutr. 59: 841-846.

40. Turley E., StrainJ. J. 1993. Fish oil, eicosanoid biosynthesis and cardiovascular disease, an
overview. Int. J. Food Sci. Nutr. 2: 145-153.

41.WalstraP., Geurts T.J., Noomen A., Jellema A., van Boekel M.A.J. 1999. Dairy technolo-
gy: principles of milk properties and processes. New York: Marcel Dekker, Inc.

42. WalstraP., JennessR., 1984. Dairy chemistry and physics. New York: John Wiley &
Sons.

43. Wilke M. S, Clandinin M. T.2005. Influence of dietary saturated fatty acids on the regula-
tion of plasma cholesterol concentration. Lipids. 40: 1207-1213.

44.WoodJ. D., Richardson R.1., Nute G.R., Fisher A.V., Campo M.M., Kasapidou E., P. R.
SheardP.R., Enser M. 2004. Effects of fatty acids on meat quality: a review. Meat Sci. 66: 21 -
32.

45. Zemel M.B. 2003. Mechanisms of Dairy Modulation of Adiposity. J. Nutr. 133: 2525-2565.
46. Zwierzchowski G., Micinski J., Géecka-Ordon E., Gotawski P. 2011. Is food allergy a
civilization-related disease? Pol. Ann. Med. 18(1): 168-176.

47. Zegarska Z. 1998. Sktad thuszczu mlekowego wzaleznoéci od pory roku. Przegl. Mlecz 10:
369-371.

307



