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Abstract

Considering the fact that milk is one of the strategic products for the economy of each country, there is a tendency to
provide the population with sufficient quantities through the development of primary milk production. According to
the conducted analysis, out of 1.5 billion liters of milk per year, approximately half, about 50%, is purchased by the
dairy processing industry. Milk production and processing in Serbia is mainly focused on products that do not
require a lot of time nor complex or lengthy technological processes of production. Such products have a short shelf
life, but are most often consumed on the market. Fermented dairy products are the most important group of
products in the market structure of domestic supply and demand. These products are the most popular commercial
industrial products because they contain probiotic microorganisms that have a beneficial effect on the human
digestive system. Since whey is a by-product of cheese and casein production, it is one of the underutilized by-
products of the dairy industry in Serbia. Therefore, the first part of this paper analyses the production of cow’s milk
and dairy products intended for the market in the period 2013-2015 with special emphasis on fermented milk
products. The second part focuses on the utilization of whey, as one of the more effective solutions in the production
of functional fermented whey-based beverages in the food industry, which mainly uses whey concentrate or whey
powder.
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INTRODUCTION

According to the Ministry of Agriculture,
milk processing takes place in about 200 dairy
plants in Serbia. Milk is directly submitted to
the dairies by milk producers through their
raw material network or is purchased from
raw material companies that have their own
collection  facilities. ~ Average capacity
utilization of registered dairy plants is at the
level of about 60%. There are 25 industrial
facilities in Serbia with over 10 tons of daily
milk purchase, accounting for 85% of
purchased milk. Then, there are 175 small
milk facilities, with daily purchase of 3-10
tones, accounting for 15-20% of purchased
milk. There are numerous mini-dairies that
purchase less than 5 tons per day [5]. From
the standpoint of the range of finished
products according to the installed capacities,
there are several different kinds of basic
facilities for raw milk processing. There are
capacities:

-For the production of pasteurized and

sterilized milk (i.e. drinking milk)

-For the production of fermented products
(yogurt, sour cream, sour milk, etc.) and

-For the production of solid dairy products
(cheese, butter and milk powder).

Production capacities of the majority of dairy
plants are predominantly oriented toward the
production of fermented milk products and
the production of solid milk products;
whereas the production of liquid milk
products (drinking milk) is significantly lower
[11]. Milk producers are the largest producers
of whey, which is formed during the
production processes in an amount that is
approximately equal to the amount of
processed milk. Whey processing would lead
to an increase in its price and would solve the
problem of its utilization which would
consequently have a direct economic benefit
for the producers.

Whey contains high amount of lactose,
proteins of highest biological value, essential
minerals and immunoactive substances as
well as the B-group vitamins. Such
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composition makes it convenient for the
preparation of fermented and probiotic
beverages where within a single process all
the potential of whey as a raw material is
exploited. Thus, material which is a hazardous
biological pollutant is removed from the
environment, and on the other hand an
inexpensive, completely healthy and natural
product is obtained [13].

Production of fermented whey beverage
makes whey become a healthy and tasty
product with extended shelf life, which,
according to numerous studies, has a positive
effect on a number of different functions in
the human body. On the other hand, the loss
due to underutilization of whey is transformed
into a 100% gain. Expanding range of
fermented milk and whey products in
competitive conditions in the market has a
strong commercial character and brings higher
profits to processors [8].

MATERIALS AND METHODS

The first part of the paper presents the state
and the tendency of movement of total cow
milk production in Serbia from 2010-2015.
By calculating the base index, where 2010
represent the basic year, according to which
statistical data processing leads to results that
indicate a decline in the total production of
cow's milk compared to the basic year untill
the 2013, but in 2014 and 2015 there is a
slight increase. In the second part of the paper
work statistical data obtained from the
Statistical Office of the Republic of Serbia
(SORS - SZS) for 2015, which are related to
milk products from cow's milk obtained in
dairies and intended for the market in the
period from 2013 to 2015 with special
emphasis on fermented dairy products. Also,
the production of cheese in which process
comes to the production of large quantities of
whey, which represents one of the underused
auxiliary products of the dairy industry in the
Republic of Serbia. Therefore, the paper
presents the possibility of full utilization and
use of whey in the production of fermented
functional drinks, whose production is
economically justified for the dairy industry.
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RESULTS AND DISCUSSIONS

Production of milk and dairy products
From the nutritional point of view it can be
concluded that milk is the most complete and
most balanced foodstuff. In Serbia, the most
common is cow's milk and is mainly used in
the production of dairy products, while
sheep’s and goat’s milk are produced in
smaller quantities and they together account
for only about 2% of total production. In
recent years there has been an increasing
emphasis on their advantages, which has
resulted in larger production of sheep’s and
goat’s milk both at home and abroad.

Total milk production in Serbia amounts to
over 1.5 million tonnes, but in the period 2010
- 2015 a decrease in total milk production was
observed, comparing 2010 as the base year to
2014 when there was a slight increase of
1.98%. In 2015 there was an increase in
production of up to 2.7%, as can be seen in
Table 1, which is very little compared to the
previous year. With regard to the displayed
total milk production index, milk yield per
cow has a reverse trend. There was an
increase beginning with 2010 (reaching its
highest level in 2015 with 3,477 litres), which
makes an average of 3.1 thousand litres per
cow in the observed period (Table 1.)
(Statistical Yearbook of the Republic of
Serbia 2013-2016) [15].

Table 1. The amount of produced cow’s milk in Serbia
in the period 2011-2015 and base

T,O tal . Index — total Liters of
cow’s milk . .
Year roduction production milk
pro 2010=100 per cow
inml
2010 1462 100 2.795
2011 1434 98,08 2.865
2012 1442 98,63 2.920
2013 1451 99.25 3.246
2014 1491 101,98 3.269
2015 1501 102.67 3.477
Average 1.464 600.61 3,1

Source: Author’s calculations based on the data
provided by Statistical Yearbook of the Republic of
Serbia 2013-2016 (without data for Kosovo and
Metohija) [15].

If we look at different regions throughout
Serbia there are differences in terms of milk
yield per cow. Thus, Vojvodina has much
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higher milk yield of 3,890 litres per cow,
since great breeders of dairy cows are situated
there, compared to central Serbia where milk
yield is 2,730 litres per cow. One important
reason for these differences in milk yield is
the breed composition, because Friesian-
Holstein breed prevails in Vojvodina with
52%, while Simmental cattle and cattle of
Simmental type are dominant in central
Serbia. Another important factor, in addition
to breed difference, is the quality of animal
feed, especially in mountainous regions
(central Serbia), which do not meet the needs
of dairy cattle, thus resulting in lower
production than in lowland areas such as
Vojvodina [16].

Cow’s milk and milk products are of excellent
nutritional value, water and dry matter are the
basic components of milk. Water is a
dominant component in milk and ranges from
80 to 90%, 87.3% on average. Dry matter in
milk contains proteins, fat, lactose and
minerals. Its composition is not constant, but
varies depending on the species, breed,
lactation period, diet and other factors [19].
Besides being a foodstuff milk is also a raw
material with great potential as it is a basis for
a large number of products such as sour milk,
yogurt, a variety of cheeses, sour cream,
butter, fermented milk products and other
products that are obtained from milk [10].
Lately, new, enriched dairy products could be
found on the market, by which dairy
manufactured products, well known from
ancient times, have been developing into a
new generation of dairy products with
different characteristics and better nutritional
and health values [1].

Some milk products can be prepared under
very simple technical conditions, whereas
many other products require appropriate
technical equipment, usually of high capacity,
which only industrial dairies own. In order to
be sold to the final consumers, it is necessary
that milk be prepared following specific
procedures of control, processing and
packaging [20].

In Serbia, dairy industry is highly developed
and there is a large number of dairies.
However, their big problem is a small amount
of milk on the market, seasonal variations in

milk production and the existing milk quality.
With regard to milk quality, the existing
regulations are complied with the EU
regulations, but they are still not sufficiently
implemented in practice. Milk quality directly
affects the structure of dairy production as
well as the product quality and shelf life, but
also the production efficiency [1, 2].

The paper work presents results According to
the Report of SORS - SZS Belgrade for 2015
and data processing for dairy products from
cow milk (1,000 t) obtained in dairies for
market realization in the period from 2013 to
2015, where one can notice the movement of
certain products on the annual production
level [7].

Given that there are a number of dairy
products, this paper will take into account
only those market products that are relevant to
the subject of this paper, such as drinking
milk, fermented products and cheese
production.

Table 2. Total produced amount of drinking milk
(1,000 t) for placement on the market in the period
2013-2015.

Drinkin % in
Year KIng total production
milk
over 3 years
2013 251.04 34.53
2014 237.27 32.64
2015 238.73 32.83
Total 726.97 100 %

Source: Author’s calculation according to the data of
the Statistical Office of the Republic of Serbia,
Belgrade [7].

Taking in account total volume of production
of drinking milk intended for the market, for
the observed years it amounts to 726.97
thousand tons. Observed by years, the largest
production is in 2013, which in the total
production for the three years (2013-2015) is
34.53%. The next two years there is recording
a slight decline in the production of drinking
milk marketed for the market, as can be seen
from Table 2.

According to the data of the Statistical Office
for the given period (2013-2015), as in the
above table, there was a slight decrease in the
production of fermented milk products
intended for the market as of 2013 as shown
in Table 4, but with a slight increase in 2015
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compared to the previous year.

According to the data of the Statistical Office
for the given period (2013-2015), as in the
above table, there was a slight decrease in the
production of fermented milk products
intended for the market as of 2013 as shown
in Table 3, but with a slight increase in 2015
compared to the previous year.

Table 3. Total produced amount of fermented milk
products (1000 t) for placement on the market in the
period 2013-2015.

Fermented %in .
Year milk products total production
over 3 years
2013 214.22 34.24
2014 200.73 32.1
2015 210.59 33.66
Total 625,54 100 %

Source: Author’s calculation according to the data of
the Statistical Office of the Republic of Serbia,
Belgrade [15].

Table 4, shows that production of cheese
intended for the market increased from 2013
to 2015, which means that during cheese
production the amount of whey as a by-
product, that could be used in the production
of various fermented and other products,
increased too.

Table 4. Total production of cheese from cow’s milk
for placement on the market in the period 2013-2015.

. % in

Year Total production total production
of cheese
over 3 years

2013 28.22 27.54
2014 33,71 32.89
2015 40.55 39.57
Total 102.48 100%

Source: Author’s calculation according to the data of
the Statistical Office of the Republic of Serbia,
Belgrade [15].

The biggest problem of the dairy industry is
that only 10-20% of milk is used for the
preparation of a product, while whey
comprises 80-90% of milk entering the
process [13].

The amount of whey obtained during the
process of cheese making is nearly equal to
the amount of milk required for its
production. That means that during the
production of 1 kg of cheese an average of 9
kg or 8-12 | of whey is obtained, depending
on the variety of cheese produced [14].
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Scientists believe, on the basis of data on
cheese production projected by 2019, that the
world whey production will record a
permanent annual growth of about 2% by the
end of 2019 [9, 12].

Therefore, the dairy industry is increasingly
developing new, fortified milk products which
have proved very successful, with different
characteristics and better nutritional and
health properties. Whey-based beverages
certainly belong to this group of new
products, although whey as a by-product has
long been disposed of as waste or used as
animal feed.

The possibility of full utilization and use of
whey

Due to the rapid population growth and
insufficient food production, and despite
increased production, the issue of rational
utilization of food, which has already been
produced for human consumption (ex.
cheese), is raised. With regard to the
production and processing of milk, whey is
certainly one of the most common by-
products, which retains the largest quantity of
milk nutrients. Whey contains 93% water on
average, and over 50% dry matter of milk,
depending on the basic composition of milk
and the technological processes of cheese or
casein manufacture. The dry matter of whey is
composed essentially of lactose (about 70%),
which is a very important energy source,
whey proteins make up approximately 1% and
water-soluble minerals and vitamins are
present in smaller quantities.

In our country and the world, dairy industry
treated whey as a waste product obtained
during the cheese making process up until a
few years ago. Today, however, bearing in
mind that whey is rich in lactose, proteins,
(especially  lactalbumin  and  globulin),
minerals and vitamins; there is a tendency to
use this product in as cost-effective way as
possible, either completely or as individual
whey components. Today, the best-known
whey preparations are acid and sweet whey
powder, condensed whey, and modified whey
powder [19]. One of the most economical and
efficient procedures in improving the structure
and viscosity of many life groceries is the use
of whey preparations.
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Whey preparations are widely used as
additives in the food industry, where they
contribute to valuable food products
characterized by improved organoleptic
properties, increased shelf life and higher
levels of nutrients. Baking industry is the
largest consumer of dry whey for human
consumption. Considering the fact that the
vast quantity of skimmed milk powder is used
in baking and dairy industry, it can be
substituted with dry whey. Whey has similar
properties as milk powder, which is preferred
for use in the baking industry, and there are
also strong economic reasons to replace the
more expensive skim milk by cheaper whey,
either by whey powder or condensed whey
[18].

Whey is also widely used in the dairy
industry, especially in the production of ice
cream and similar frozen dairy products. It is
used in the production of processed cheese as
well, and whey is especially desirable
ingredient in the production of soft and
spreadable processed cheese and similar
products.

It is also suitable for producing various
toppings, gives good texture and enhances the
taste of cheese. Whey is also used in other
food products in smaller quantities, such as
mixtures for cakes, sauces, spices and the like.
The use of whey is constantly increasing in
the confectionery industry and it has also been
applied in the meat industry.

Due to the high amount of lactose and
biologically valuable proteins wide ranges of
baby food as well as various types of dietary
supplements are made on the basis of whey.
Whey is very important for the
pharmaceutical industry as well, due to
lactose which is used in the manufacture of
tablets and pills, most often as an inert carrier
for the drug substance.

Among numerous possibilities of whey
processing, a very important role belongs to
alcoholic and non-alcoholic beverages. The
use of whey in beverage production began
back in the 1970s, and a large group of whey
beverages has developed so far.

Analysis of production of non-alcoholic whey
beverages, compared to alcoholic beverages,
has so far given many favorable results

throughout the world.
Bakovi¢, D. and Tratnik, Lj. (1979, 1980)
provide numerous possibilities of using whey
and its products in many branches of the food
industry, by means of pasteurization,
thickening and fermentation. Today, the food
industry in particular shows the tendency
towards the production of lactic acid
fermented products such as soft drinks based
on fruit and vegetables, milk and whey-based
beverages, which represent a very healthy, so-
called “functional food products” [3, 4].
Fermented whey-based beverages proved to
be the best option in preparation of products
with  favorable sensory characteristics.
Fermented whey-based beverages hold a
special place among whey beverages, and
can be divided into two groups: functional and
probiotic. Both groups have beneficial effects
on the host organism but in two different
ways [6].
Probiotic drinks are characterized by direct
effects of live microorganisms (probiotics),
while functional drinks are characterized by
indirect  effects  through  metabolites
synthesized during fermentation, which are
also called biogenic.
During the fermentation of whey its
components are broken down into various
functional substances, such as lactic acid,
butyric acid, bioactive peptides, f-
galactosidase and exopolysaccharides which
show a significant effect on the human
organism [17].
Therefore, nowadays, the issue of whey
mostly amounts to finding the types and forms
of whey products that will be as useful and
affordable as possible. Further research in this
field and close cooperation with the dairy
industry would offer the possibility of greater
utilization of whey through products that
would be of interest from the standpoint both
of nutrition and placement.
In most industrialized countries in Europe and
the United States whey has already found an
important place in the food industry.
There is a wide range of whey products on the
markets of these countries.
Efforts have been made in our country as
well, to utilize this important by-product of
dairy industry as much as possible in order to
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reduce the loss of whey nutrients.
CONCLUSIONS

The importance of the dairy sector in Serbia is
reflected in the fact that milk production:
among the all agricultural sectors with the
highest value of primary production of over
500 million Euros a year, which additionally
increases in processing, the sector that covers
over 280 thousand producers and significantly
contributes to the rural development of Serbia,
the sector which, due to the quantity and
nutritionally  significant consumption, s
important for the food safety of the country,
the sector that is most demanding by the
standards that need to be met when joining the
EU, and the sector in which Serbia has
significant  potential only for further
development.

Structure of milk production in Serbia is such
that fermented products and liquid milk
account for almost 90% of products
manufactured each year.

With regard to fermented products, the
amount of fermented whey products is minor,
which leads to the conclusion that by whey
fermentation we could obtain products with
significant place among the range of dairy
products intended for mass consumption.
Regarding the current lack of facilities for
whey processing, a huge amount of money
would be saved if whey processing was
stimulated in Serbia instead of being
imported. In terms of prospects of utilization
of whey as a raw material and in accordance
with the existing equipment situation in
Serbia, the main goal should be incentives for
utilization of whey in the food industry.

One of the ways to include whey in daily diet,
i.e. to activate its regular processing in the
food industry, is to produce functional
fermented whey-based beverages.

This is another effort to preserve as much of
the whey for human consumption, by creating
products using simple and economically
viable technology for our industry.
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