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Abstract
In the present paper, the details about the consumption of animal products worldwide, in Europe and Croatia are 

given. The consumers’ perception about animal products is discussed in the light of raising concern about food-borne 
diseases, intoxications, GMO products, animal welfare and other issues related to animal production. On the other 
hand, signs of the consumers demand for more healthy and nutritious foods are stressed. At the food market of the 
industrialised countries, within past decade as the major trend, functional foods can be detected. Some information is 
given about different meats, eggs and milk that qualify as functional food. In meats and eggs the emphasize was given 
on the enrichment of these products with polyunsaturated fatty acids, vitamin E, selenium; the potential of carnosine 
and conjugated linolenic acid (CLA) are briefly mentioned as their functional properties as ingredients of meats are cur-
rently investigated. Dairy products were also discussed in this light. Milk was described as protein vitamin and mineral 
rich product which has always been considered as a healthy animal product. Beside these beneficial traits, milk and milk 
products are also rich with CLA and they represent a great proportion of total functional foods produced today globally. 
As future prospects it is foreseen that functional foods will increase their presence on market in industrialised countries. 
This should be seen as a great opportunity for the animal products industry but also as a technological and social chal-
lenge. The producers of livestock should also be aware of these possibilities.
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1	 INTRODUCTION

Animal products have always played an important 
role in human nutrition. Modern man is a descendant of 
a hunter/gatherer from the Palaeolithic, yet genetic in-
vestigations have proved that genomes of the Palaeolithic 
and today’s man are identical (Hedges et al., 1992; Ham-
mer, 1995). This is of great importance for the nutritional 
habits of modern man which are still adapted to simple 
diets from the past; 40 000 years are not long when physi-
ological evolution is in question. However, this diet was 
substantially altered due to the cultural and civilisation 
development of mankind. The emerging of the stationary 
agriculture some 9000 years ago (Neolithic revolution) 
was certainly of the most significant influence for that. 

The invention of plough enabled more efficient and faster 
production of plants and consequently animals, which 
led to surplus of not only food but also time and resulted 
in the dawning of first civilisations with their cities, trade 
and social organisation. 

Such developments in assuring of food supplies al-
lowed rapid population growth. From population size 
of 3 million estimated for the times 10 thousand years 
B.C. to 50 million by the year about 1000 B.C. during 
the period in which the majority of the known civilisa-
tions emerged. It is believed that at the beginning of the 
first century A.D. human population counted between 
200 and 300 million and that it doubled until 1650. The 
next doubling happened around 1850 to approximately 
1 billion, while by 1930 the world population reached 
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2 billion. The last doubling happened at the end of past 
millennium, 1999, when human population reached the 
size of 6 billion. According to Sarre (2002), the current 
growth rate is 2% which means that next doubling could 
be expected in only 35 years. Probable world population 
of 10 billion can be anticipated very soon. This puts the 
mankind in front of new and growing challenges not only 
in the domain of food production but also of the preser-
vation of environment. The answers to these issues are 
given through three main standpoints. Pessimistic view 
is represented by neo-Malthusians, who argue that the 
population growth is a major threat to our environment 
and world economy, so according to them food produc-
tion is not expected to be sufficient in near future. The 
second standpoint belongs to the group called Cornuco-
pians; it is an optimistic view assuming that population 
growth is not connected to environmental and economic 
problems. In this point of view population growth is con-
sidered as a stimulus to enhance our ability in problem 
solving through improved innovative approaches. The 
third view is neither pessimistic nor optimistic; it has a 
neutral perspective of the problem.

Nevertheless, food related problems are nowadays 
notsolely oriented to quantity but also to its quality. This 
is very well illustrated on the example of changing n-
6/n-3 ratio in the human diet during the history. In the 
Palaeolithic, this ratio was 0.79 (Eaton et al., 1996), but 
today, in developed countries this ratio has enormously 
grown to 15 (Sanders, 2000). Because of their importance 

in the human diet and a complexity of production, ani-
mal products such as meat and milk are constantly un-
der particular interest of scientists, animal breeders, food 
technologists, politicians, activists and others concerned 
in food issues.

2	C ONSUMPTION OF THE MAIN ANIMAL 
PRODUCTS (MEAT AND MILK)

In the past 50 years, the global food consumption 
patterns went through significant changes. The main 
reason for this is the growth of income and urbanisa-
tion which occurred in large fraction of developing 
world where milk consumption almost doubled, meat 
consumption tripled and more, while egg consumption 
increased 5 fold as shown on Fig. 1 (Gerosa and Skoet, 
2012). 

Still, this is well below the level of consumption in 
the developed countries despite the fact that the propor-
tion of animal products in energy intake and consump-
tion level in these countries declined, which led to the 
narrowed gap between the two country groups. The 
trend of gradual converging of developing toward de-
veloped countries in terms of food consumption levels 
and dietary patterns resulted in the increase of the share 
of animal products in human diets in general with ex-
ception of milk. The milk consumption in developing 
countries is still markedly smaller, which can be partially 

Figure 1: Per caput consumption of major animal products in developing world
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explained by the higher proportion of lactose intolerant 
population in Africa and parts of Asia (table 1).

Traditionally, in the Western world meat is con-
sidered as desirable source of proteins and energy with 
outstanding gourmet value, which makes it an expansive 
food. Its importance is constantly increasing also in other 
parts of the world. As a consequence, the meat consump-
tion is globally growing (table 2).

most prominent sector in the number of EU countries; 
milk being the main product is produced in every one 
of them without exception. In terms of value it is the 
number one single product at approximately 14% of ag-
ricultural output (Office for Official Publications of the 
European Communities, 2006).

In Croatia however, the consumption of animal 
products is not stable, with the exception of beef and 
milk, as can be seen from table 5.

For example, from the presented data on pork 
consumption it can be seen that the highest consump-
tion was recorded in 2010 (19.80 kg) and the lowest in 
2000 (14.5 kg); while average consumption of pork in 
monitored period was 16.35 kg. The average consump-
tion of poultry meat in the period from 2000 to 2006 was 
19.36 kg; in the following years it decreased to 16.96 kg 
in 2008, while in 2010 the increase to 19.10 kg was re-
corded. The egg consumption varied from 216 eggs in 
2001 to 144 in 2008; the average consumption in moni-
tored period was 170 eggs per household member. Inter-
estingly, the consumption of poultry meat and eggs has 
not declined even in the time of avian influenza burst in 
the continental part of Croatia in 2005. Gajčević et al. 
(2006) found that only 10.5% of the questioned consum-
ers reduced the consumption of poultry meat and 14% of 
them reduced the consumption of eggs after they learned 
about the presence of virus.

3	C ONSUMER’S PERCEPTION OF ANIMAL 
PRODUCTS

The literature sources point out that perception of 
product quality is influenced by social, economic and 
cultural factors that affect eating habits. In recent past, 
this has become a hot topic due to scandals related to 
food-borne illnesses, intoxications, GMO products, ani-
mal welfare and other issues related to animal produc-
tion. Moreover, there is a growing interest among the 
consumers related to health considerations where animal 
products are often associated with negative image such as 
promoters of cardio-vascular diseases, obesity and can-
cer. As a result these products are sometimes avoided in 

Per caput consumption 1981 1990 2000 2007
World (kg/year) 86 80 104 113
Developed (kg/year) 222 180 235 248
Developing (kg/year) 35 40 56 68

Table 1: Milk and dairy products consumption (modified ac-
cording to Kashtanova, 2010)

Per caput consumption 1964-66 1995 2009 2010
World (kg/year) 24.2 35.7 41.3 41.9
Developing (kg/year) 10.2 24.0 31.1 31.8
Developed (kg/year) 61.5 77.3 78.0 78.4

Table 2: Trends in meat consumption (modified according to 
Givens, 2005; WHO/FAO, 2009)

This trend is also followed by positive projections 
in both meat production and consumption. For instance, 
Fiala (2008) forecasted that worldwide consumption of 
meat will rise by 72% between 2000 and 2030, while glo-
bal production of meat will more than double between 
2000 and 2050 as predicted by Steinfeld et al. (2006).

The European Union as a world region which cer-
tainly belongs to the group of developed countries has 
substantially high meat consumption as shown in table 3. 
The table shows the data on per capita meat consumption 
till 2007 and the projections from 2008 to 2013. As it can 
be noted from the table, dominant role in meat consump-
tion belongs to pork.

Similarly, high and very stable consumption of dairy 
products in the EU countries can be observed from the 
data presented in table 4. The dairy is considered as the 

Meat (kg/year/capita) 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Beef and veal 17.5 17.3 17.6 17.5 17.4 17.3 17.2 17.1 17.1 17.1
Pork 42.2 42.1 42.1 42.3 42.5 42.5 42.5 42.7 42.9 43.1
Poultry 22.7 23.0 22.5 22.6 22.9 23.1 23.4 23.6 23.7 23.9
Lamb 2.8 2.9 2.8 2.8 2.7 2.7 2.7 2.7 2.7 2.7
Total EU-27 85.2 85.3 85.0 85.2 85.5 85.6 85.8 86.1 86.4 86.8

Table 3: Per capita meat consumption in EU-27 for the period of 2004 to 2013 in kg/year (European Commission, 2007)
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order to reduce these risks which could lead to reduced 
profitability of subjects involved in the production of 
food originated from meat and dairy animals. For exam-
ple, meats and processed meats are often associated with 
high levels of saturated fatty acids, cholesterol, sodium 
and high fat (Whitney and Rolfes, 2002); red meat is re-
garded as cancer promoting food (Ovesen, 2004; Valsta 
et al., 2005). Similarly, consumption of dairy products, 
especially with high milk fat content, has been criticized 
due to the high levels of C-12 to C-18 fatty acids with 
supposedly negative effect on human health (Molkentin, 
2000). 

On the other hand, there are obvious signs of the 
consumers demand for more healthy and nutritious 
foods. Moreover, regarding the food market changes in 
the industrialised countries within past decade there is 
one major trend reflected in consumer interest in food 
products that can contribute to their health (Mollet and 
Rowland, 2002) or alleviate the symptoms of ageing and 
illness (Gray et al., 2003). The products with benefits ex-
ceeding their nutritional value are often called functional 
foods. 

4	 ANIMAL PRODUCTS AS FUNCTIONAL 
FOODS

Kralik et al. (2010) stated that according to FUFOSE 
program of the European Commission there is no exact 
definition of functional foods, but the so called working 
definition defines that food can be considered as func-
tional if “together with the basic nutritional impact it has 
beneficial effects on one or more functions of the human 
organism thus either improving the general and physi-
cal conditions or/and decreasing the risk of the evolu-
tion of diseases. The amount of intake and form of the 
functional food should be as it is normally expected for 
dietary purposes. Therefore, it could not be in the form of 
pill or capsule just as normal food form“(Dipplock et al., 
1999). The term functional food was first used in Japan, 
in the1980s, for food products fortified with special con-
stituents that possess advantageous physiological effects 
(Siro et al., 2008). However, the European Commission 
supports the development of two types of health claims 

essential for functional food which must always hold in 
the contest of full nourishment and should be related 
to usually consumed amounts (Functional Foods, The 
European Food Information Council, 06/2006). These 
claims emphasized by the European Commission are:

A)	 The claims about “enhanced function”, which 
apply certain physiological, psychological and 
biological functions apart from their established 
roles in growth, development and other normal 
functions of the body. This kind of claim does 
not mention illness or pathological conditions, 
e.g. “certain indigestible oligosaccharides im-
prove the growth of specific bacterial flora in 
guts”.

B)	 The claims about “the decreased risk of devel-
opment of illnesses”, which are connected with 
the consumption of food or nutrients which 
can help decreasing the risk of certain illness or 
condition due to specific nutrient or nutrients 
contained by this food, e.g. “adequate intake of 
Calcium can help decreasing the risk of oste-
oporosis in later life”.

Functional food can be formed in almost all food 
categories. Animal products such as meats, eggs and milk 
have great potential for delivering important nutrients 
such as fatty acids, minerals, antioxidants and bioactive 
peptides into the diet.

4.1	 Meat and eggs 

Meat and poultry products are a food category with 
both positive and negative nutritional attributes. Meat 
and meat based foods are major sources for many bioac-
tive compounds including iron, zinc, conjugated linoleic 
acid (mainly ruminants) and B vitamins. Meat and eggs 
are an excellent source of proteins, essential amino and 
fatty acids. They represent a good supply of vitamin D, 
A and B12, folate and phosphorus, selenium etc. In the 
recent years the consumers in developed countries have 
been well aware of the fact that today’s lifestyle, stress, 
smoking habits, obesity or slenderness and unbalanced 
diet are the main cause of health problems. A good exam-
ple of the severe irregularities in the nourishment is the 

Dairy product 2005 2006 2007 2008 2009 2010 2011 2012 2013
Fluid milk 187.6 187.4 187.8 186.8 187.1 187.3 187.6 187.7 188.0
Butter 4.1 4.1 4.0 4.0 3.9 3.9 3.8 n.a. n.a.
Cheese 17.8 18.1 18.2 18.5 18.5 18.6 18.7 n.a. n.a.

Table 4: EU-25 dairy consumption forecasts (2005–2013) (‘000 tonnes)

*n.a. – not available; Source: DG Agriculture, Eurostat, FAPRI, Agra CEAS consulting (2004)
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undesirable n-6/n-3 PUFA ratio in everyday diets. Many 
researchers report that favourable narrow n-6/n-3 PUFA 
ratio of 1 – 4: 1 have changed to very high ratio of 15 – 20 
: 1 due to the altered eating habits (Simopoulos, 1998; 
Sanders, 2000). The main source of n-3 fatty acids are 
vegetable and fish oils. By insufficient intake of fish and 
by feeding the meat animals cereals rich with n-6 PUFA, 
which in turn produce meats with wide n-6/n-3 ratio, 
the basis of unbalanced diet is formed. In this fact lays 
the importance of designing the meats enriched with n-3 
PUFA, which have specific role in function of the kid-
ney and neural membranes. Moreover, the immunity and 
neurological disorders as well as allergy reactions can be 
reduced by intake of food rich with n-3 PUFA (Simopou-
los, 1998).

The meat from ruminants is generally more saturat-
ed due to the biohydrogenation in the rumen. This means 
that fatty acid profile of meat from animals such as pigs 
and poultry is more susceptible for alteration by diets. 
Nevertheless, there are numerous investigations showing 
that intervention into diets, the profile of fatty acids can 
be altered in the meat of various animals, including beef, 
by short term feeding strategies (Moloney, 2001). Ma-
nipulation of the n-6/n-3 ratio in pork and increasing the 
long-chain PUFA (EPA and DHA) by use of linseed and 
fish oils has been very successful (Enser et al., 2000; Ri-
ley et al., 2000). Sensory analyses of the fresh meat from 
these investigations showed no effects on organoleptic 
quality or on technological traits. Leskanich et al. (1997) 
increased the content of n-3 PUFA in the longissimus 
muscle, backfat and sausage by feeding pigs diet which 
contained 2% rapeseed oil plus 1% fish oil.

Similarly, there were some successful attempts in 
case of poultry meat and eggs by inclusion of vegetable 
and animal fats in the diet for broilers and laying hens 

(Grobas et al. 2001; Kralik et al., 2004; Ezhil Valavan et 
al., 2006; Kralik et al., 2008). Linseed oil is a good source 
of α-linolenic fatty acid, while fish oil provides the best 
source of long chain fatty acids such as EPA (C20:5) 
and DHA (C22:6). Lopez-Ferrer et al. (2001a) showed 
that feeding broiler chickens with fish oil significantly 
increased all forms of n-3 PUFA content. Namely, EPA, 
DPA and DHA were increased by 5.65, 6.75 and 23.2 
times, respectively, in broiler thigh muscle by feeding diet 
containing 4% fish oil. The authors obtained the same ef-
fect by use of linseed and rapeseed oil (Lopez-Ferrer et 
al., 2001b). 

In order to avoid the occurrence of deteriorated 
sensory traits, the antioxidants are often added to the 
diet for animals. The most effective in the inhibition of 
lipid oxidation in vivo is α-tocoferol (vitamin E). Many 
investigations proved its antioxidative properties in dif-
ferent meats. The content of PUFA significantly affects 
the deposition of vitamin E in the poultry meat; the in-
creased PUFA content reduces content of vitamin E. This 
is explained by the activity of vitamin E in the inhibi-
tion of oxidative processes in tissues of the living bird 
(Grashorn, 2007). Vitamin E also has positive effect on 
functional properties of broiler meat. Olivo et al. (2001) 
reported that addition of vitamin E in the feed for animals 
influenced the level of protein denaturation, lowered the 
water loss and enhanced the emulgation properties. The 
research of Surai (2006) on chicken showed that addition 
of increased concentration of vitamin E and selenium re-
sulted in the increase of both in the animal tissues which 
influenced the decrease of lipid peroxidation in the meat 
stored at 4 and −20 °C.

Selenium has been also used in the enrichment of 
various meats and eggs in an attempt to increase func-
tional traits of the diet because of its significant role in 

Year Beef (kg) Pork (kg) Poultry meat (kg) Milk (L) Eggs
2000 9.89 14.50 19.70 87.71 186
2001 9.00 17.61 19.31 88.92 216
2002 8.86 14.66 19.26 91.95 214
2003 8.55 18.14 19.30 83.34 162
2004 9.34 16.44 19.03 84.60 163
2005 9.41 18.09 19.61 85.10 166
2006 9.23 14.83 19.32 81.02 158
2007 10.02 14.52 18.69 79.34 152
2008 9.05 15.51 16.96 74.80 144
2009 9.20 15.80 18.20 76.90 148
2010 8.70 19.80 19.10 77.40 158

Table 5: Consumption of animal products in Croatia per household member/year (Statistical yearbook of Republic of Croatia, 
2000–2010)
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metabolism maintenance. It also takes part in antioxida-
tive protection of cells and plays an important role in the 
functioning of male reproductive system (Oldereid et al., 
1998). The exceptionally high concentration of selenium 
in the diet has positive influence on the decreased inci-
dence of cancer, while some investigations showed that 
presence of selenium in the diet can be connected to a 
better protection of organism from HIV virus (Rayman, 
2000). Department of health in Great Britain (1991) de-
fined optimal daily allowance for selenium as 75 μg/L for 
men and 60 μg/L for women. Rayman (2000) reported 
that intake of mentioned recommended daily allowances 
results in optimal concentration of GSH-Px in the blood 
plasma (95 μg/L). Salonen et al. (1982) stressed that de-
ficiency of selenium linearly affects the decrease of se-
lenium in the blood serum. In patients with less than 
45 µg selenium /L of blood serum the cardiovascular 
diseases (CVD) are more frequent, the mortality being 
tripled compared to the patients with CDV connected 
with other causes. Ge and Yang (1993) reported that 
long term deficit of selenium in human diet causes the 
occurrence of degenerative illness of locomotor system 
(Kaschin-disease). Through the addition of organic se-
lenium in the animal feed, the significant increase in the 
Se levels can be achieved in the muscles of pigs (Simek 
et al., 2002), chicken (Yaroshenko et al., 2004), lamb 
(Steen et al,. 2008) and other animals. Surai and Sparks 
(2001) reported that addition of Se in the amounts of  
0.4 mg/kg of feed for laying hens in the form of selenised 
yeast results in the egg that contains about 30 µg Se.

In recent years there is an increased interest for 
some other potentially functional food compounds such 
as carnosine for which is believed to have the anti-aging 
effect (Hipkiss, 1998) and conjugated linoleic acid or 
CLA (Whigham et al., 2000) in meat. CLA showed the 
anticancerogenic and antiteratogenic effect on labora-
tory animals; also it was proved that CLA has an effect 
on metabolism of fats and energy by accelerating the fat 
decomposition and lowering of its accumulation and also 
increasing the muscle mass (Hasler, 1998). Interestingly, 
it was found that thermal processing of meat (cooking, 
frying) increase the CLA content in meat (Ha et al., 1987; 
Shantha et al., 1994). From various meats, lamb is a good 
source of CLA. However, CLA is more represented in 
dairy products.

4.2	 Dairy products

Because it is reach in proteins (contains all nine es-
sential amino acids required by human), vitamins (thia-
mine, riboflavin, B12) and minerals (Ca, Mg, P, K, Se and 
Zn), milk has always been considered a healthy animal 

product. It is a complex mixture of bioactive proteins, li-
pids and saccharides and contains numerous biologically 
active substances such as immunoglobulins, enzymes, 
antimicrobial peptides, oligosaccharides, hormones, cy-
tokines and growth factors (Bhat Z.F. and Bhat H., 2011). 
There are three major proteins in milk and these include 
caseins, ß-lactoglobulin and α-lactalbumin, which, dur-
ing degrade fermentation or digestion into bioactive 
peptides by proteolytic enzymes. Some of these peptides 
exert biological activities such as antihypertensive, min-
eral-binding, antioxidative antimicrobial, immuno- and 
cytomodulating activity (Walther and Sieber, 2011). 

Typical cow milk fat is composed of 5% polyunsatu-
rated fatty acids (MUFA), 70% saturated fatty acids (SFA) 
and 25% monounsaturated fatty acids (SFA) (Tyagi et al., 
2012). Conjugated linoleic acid (CLA) is a term used 
for a one or more of positional and geometric isomers 
of linoleic acid with conjugated double bonds. The most 
important source of CLA are dairy products, which con-
tain over 20 isomers of CLA, out of which cis-9, trans-11 
is being the predominant one. Research on this FA has 
shown that it has a wide range of beneficial effects on 
health, i.e. protection against carcinogenesis, arterioscle-
rosis and tumorogenesis. Furthermore, it has an antioxi-
dative effect and has been shown to reduce LDL choles-
terol and heart disease and to modulate lipid metabolism 
(Beppu et al., 2006; Choi et al., 2007; Smit et al., 2010; 
Smedman and Vessby, 2001). CLA content is depended 
on individual (Kelsey et al., 2003), breed (Lawless et al., 
1999; Yassir et al., 2012), production system (Jahreis et 
al., 1997), dietary oils (Abu-Ghazaleh et al., 2002; Chil-
liard et al., 2000; Loor and Herbein, 2003; Murphy et al., 
2008) and is process related (Avramis et al., 2003; Baer et 
al., 2001; Prandini et al., 2011; Serafeimidou et al., 2012).

Recently, the market of functional food has been 
dominated by gut health products, in particular pro-
biotics with 379 product launches worldwide in 2005 
(Ouwehand, 2007). Probiotics are defined as „live micro-
organisms, as they are consumed in adequate numbers 
confer a health benefit on the host“(Charalampopoulos 
et al., 2003). Dairy products are the key product sector 
accounted for about 56% of functional foods’ total global 
sales in 2004 (Benkouider, 2005). The main markets of 
dairy probiotics are Scandinavia, Holland, Switzerland, 
Croatia and Estonia; among developing markets Greece, 
France and Spain are considered (Makinen-Aakula, 
2006).

5	 FUTURE PROSPECTS

The forecasts of animal product consumption are 
mainly based on the presumption that they will rise pro-
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portionally with income levels. According to estimates by 
UN/FAO, the trend toward the increased consumption 
of animal products will continue to rise in the following 
decades in developed countries; for example the predic-
tion is that by the year 2030 meat consumption will be 
100 kg per person in industrialised countries (Bruinsma, 
2003). The World Bank report estimates that the global 
meat demand is expected to grow by 56% in the period 
between 1997 and 2020. Together with the economy de-
velopment a trend has been observed that animal prod-
ucts are not used only in providing of necessary nutrients 
but also in providing some other, beneficial traits char-
acterised by the ability to improve health status and pre-
vent diseases (Roberfroid, 2000). It can be predicted that 
functional foods will increase their presence on market 
in industrialised countries due to the desire of consum-
ers to extend life by acceptance of the link between their 
diet and health. Indeed, in these countries the increase 
of functional food consumption is observed stimulat-
ed by availability and potential wellbeing of those who 
consume them. This should be seen as a great opportu-
nity for the animal products industry but also as techno-
logical and social challenge. The producers of livestock 
should also be aware of these possibilities since strate-
gies of enrichment of animal products with functional 
compounds include their dietary supplementation at 
the animal production level. Agriculture aimed at such 
objectives must be incorporated in the improvement of 
both nutrition and health. This can be efficient only if 
the information flow is enabled between agricultural and 
health sectors. However, the fact that everyone should 
have in mind is that even the expert in nutrition cannot 
always clearly differ the conventional from functional 
foods (Niva, 2007). For that reason the accurate and un-
ambiguous evaluation methods should be introduced 
in order to provide clear information for the producers. 
Having in mind that the similar system already exists and 
functions, this should not be considered as a significant 
obstacle but a way of building the trust between the con-
sumers and producers of functional foods.
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