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Whey is the by-product obtained when
milk is transformed into cheese or casein.
It is generated in large quantities world-
wide: the annual volume of dairy whey pro-
duced globally exceeds 160 millions. Na-
nofiltration provides a demineralization per-
formance that makes whey a suitable addi-
tive in human food formulas. This paper
present robust and reliable simulation me-
thods to predict the dynamics of batch
membrane filtration processes dealing with
multi-component systems such as whey.
Experimental data was collected from lab
nanofiltration investigations using sweet
and acid whey. Our special interest is to
employ data-driven models that minimize
the necessary a-priori experiments and
allow the conversion of raw data into useful
information. We have integrated statistical
tools and machine learning techniques in
the proposed mathematical framework. We
show that such techniques are capable to
model multi-component systems where li-
mited information on their true chemical
composition is available.

Key words: desalination ¢ diafiltration <
nanofiltration « simulation * whey
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EXPERIMENTAL AND NUMERICAL
INVESTIGATIONS ON WHEY
DESALINATION WITH NANOFILTRATION*

INTRODUCTION

Whey is the by-product obtained
when milk is transformed into cheese
or casein. This dairy stream repre-
sents an excellent source of functional
proteins and peptides, lipids, vitamins,
minerals, and lactose. It is produced
in large quantities world-wide: the pro-
duction of one ton of cheese genera-
tes approx. eight tons of liquid whey
(Dec, 2007). The annual volume of
dairy whey produced globally exceeds
160 millions of tons and it increases
with an annual growth rate of 1-2%
(Smithers, 2008). Depending on the
type of cheese made and the corres-
ponding casein precipitation procedu-
re used, there are two main whey va-
rieties: acid whey (pH <5) and sweet
whey (pH 6-7). The acid type whey
contains a higher amount of lactic acid
and ash, calcium in particular. Table 1
shows the general composition of acid
and sweet whey.

Nanofiltration membranes are a
relatively recent development in the
field of pressure-driven membrane se-
parations, and their properties lie bet-
ween ultrafiltration (UF) and reverse
osmosis (RO). Due to its potential ad-
vantages, NF has gained a strong
market position, brought about a num-
ber of patents, industrial research pro-

jects and commercial installations
(Bessarabov and Twardowski, 2002).
Starting in the late sixties, NF mem-
brane processes have gradually found
their way into industrial applications in
various fields such as water softening,
dye recovery, treatment of metal con-
tained waste waters, oil-water separa-
tion, demineralization of whey, recycle
of nutrients in fermentation processes,
purification of landfill leachate, remo-
val of sulfates from sea-water, biopro-
duct separation (Timmer, 2001).

NF systems are usually operated
at medium pressures in the range of
10-50 bar, and have much higher wa-
ter fluxes compared to RO membra-
nes.

Nanofiltration can be applied for
separation between ions with different
valences and for separation of low-
and high-molecular weight compo-
nents. NF rejects uncharged, dissol-
ved material and positively charged
ions according to the size and shape
of the molecule in question (Wagner,
2001). The degree of transportation of
non-charged solutes through NF
membranes is shown in Fig. 1.

NF membranes show diversity in
separation behavior but they are
common in rejecting multivalent ions
(suchas SO,™*, CO, 2%, POs™, Mg?)
in a higher degree, while in compari-

* This paper was presented as Session Lecture at International Conference JOINT EVENTS: 2™ CEFSER (Center of Excellence for Food Safety and
Emerging Risks) Workshop “Persistent organic pollutants in food and environment®, 26" Symposium on Recent Developments in Dairy Technology and
BIOXEN seminar “Novel approaches for environmental protection” at University of Novi Sad, Faculty of Technology, 8-10 September 2011.
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Table 1. COMPOSITION OF SWEET-TYPE (CHEDAR CHEESE) AND

ACID-TYPE WHEY (Sienkiewicz and Riedl, 1990)

Composition Sweet whey Acid whey
Water, % 93.3 95.6
Dry matter, % 6.70 6.42
Total protein, mg g~ 0.60 0.53
Non-protein nitrogen, mg g~ 0.34 0.34
Lactose, % 5.00 4.40
Ash, % 0.52 0.60
pH 6.10 4.70
0.8
0.6
T
[
041
0.2
0 | i | |
0 0.2 0.4 0.6 0.8

Figure 1. RELATIONSHIP BETWEEN REFLECTION COEFFICIENT %
AND STOKES RADII OF DIFFERENT SOLUTES (BUTA-
NOL, RIBOSE, GLUCOSE, LACTOSE, PEG, AND DEX-
TRAN) FOR SEVERAL NANOFILTRATION MEMBRANES
(DK, GE, AND GH FROM GE W&P TECHNOLOGIES, US,
AND NP030 AND NP010 FROM MICRODYN-NADIR GMBH,

rejection

o O
EENG )]

o
w

s
)

o
X

Figure 2. REJECTION OF THE MEMBRANE DESAL-DK5 (GE W&P
TECHNOLOGIES, US) FOR NaCl AS A FUNCTION OF
FEED CONCENTRATION (30 BAR, 25°C, 0.55 M® SPIRAL-
WOUND ELEMENT, 1 M°H' RECIRCULATION FLOW-
RATE). SOLID LINE IS FOR EYE-GUIDANCE (Kovécs et al.,

O

Stokes radius [nm]

GERMANY) (Kovacs and Samhaber, 2008)

feed concentration [mollmg]

2008)

0 500 1000 1500 2000

son, rejection of monovalent ions (CI,
Na" K") is much less. As represented
in Fig.2, rejection of ionic species is
highly concentration-dependent.

Whey represents a complex multi-
component system. In processes of
practical interest, the concentrations
of both salts and organics present in
whey are subject to change during
operation, and a considerable interde-
pendence in their permeation occurs.
The modeling of nanofiltration of such
a complex system is a difficult task.

Several physical models, such as
the extended Nernst-Planck model
(van der Horst et al, 1995), the
Spiegler-Kedem model (Cuartas-Uribe
et al., 2007), the solution-diffusion mo-
del (Minhalma et al., 2007), and the
Donnan-steric-pore model (Cuartas-
Uribe et al., 2007) have been emplo-
yed to describe whey NF. However,
these quantitative modeling techniqu-
es in their presented form can find on-
ly limited applications, because they
are either restricted to model single
components or simplified operation
modes are considered (Roman et al.,
2011).

The most relevant factor that limits
the applicability of physical models to
filtration modeling is the available in-
formation on the solution itself. Due to
costly chemical analysis of complex
process streams, process engineers
have often only limited information on
several components. Moreover, many
of the measured quantities are not
solute-specific quantities; in fact, they
represent certain collective features of
a group of solutes of common types.
Under such circumstances, the em-
ployment of empirical methods may
be a reasonable alternative over phy-
sical models. This research work in-
vestigates robust data-driven mode-
ling techniques to predict the dyna-
mics of whey nanofiltration.

MATERIALS AND METHODS

Nanofiltration of both sweet whey
and acid whey were experimentally
investigated. In both cases, one-one
single experiment was used to deter-
mine the parameters of the mathema-
tical models. Then, two-two other ex-
periments with different operational
settings were conducted in order to
validate the models.

A detailed description of the mem-
brane filtration apparatus can be fo-
und in our previous work (Roman et
al., 2011). In brief, all experiments
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were carried out at constant trans-
membrane pressure (20 bar), tempe-
rature (40°C), and cross-flow velocity
(3.0m 5_1) using a lab-scale appara-
tus equipped with a flat-sheet mem-
brane module. The commercial poly-
meric membrane XN45 (TriSep Co.,
Goleta, CA, USA) was used for both
sweet whey and acid whey NF. The

schematic representation of batch
membrane diafiltration  setting is
shown in Fig. 3.

Total soluble solid, lactose, pro-
tein, and fat content of both permeate
and feed samples were analyzed. De-
termination of five major elements
(Na, K, Ca, Mg, P) in milk was carried
out by inductively coupled plasma
mass spectrometry (ICP-MS). Con-
ductivity of feed and permeate stre-
ams were also monitored.

Simulation procedure

A modular approach, shown in Fig. 4,
is proposed to simulate desalination of
whey.

In our previous work (Kovacs et
al., 2009) we have presented a gene-
ral mathematical framework in a com-
pact form to predict the dynamics of
different configurations of batch mem-
brane filtration processes. We have
elaborated the common basis of the
different operational modes, such as
concentration, constant-volume diluti-
on, or variable-volume dilution mode,
and delivered a comprehensive mo-
del. The following initial-value problem
can be formulated to represent the
membrane system configuration:

L) =u(t) — q(0) 0
Ve (0) =V
and, for component i,
V(0 %Y = ¢ (0[g(OR () — u(®)] @)
Cf,i(o) = Cfo,i

which describe the evolution in time of
the volume in the feed tank V; and of
the feed concentration (r; for
i=1,2...n. Vf0 and C?; denote respec-
tively the initial feed volume and the
initial feed concentration of the solute
i. The proportionality factor a (i.e. the
ratio of diluant flow u(t) to permeate
flow q(t)) can be then adjusted to ze-
ro, unity, or a constant value between
0 and 1 in order to run the process in
concentration mode, constant-volume
dilution mode, or variable-volume dilu-
tion mode, respectively.

The estimation of flux q and rejec-
tions R; presented in Egs. (1) and (2)

Diluant u(t)

L

AV4

maximum level

minimum level

v/ ‘

TS

Retentate
R N -
AN

Permeate q(t)

Membrane
module

Feed

Gr.

Pump

N

Feed tank

N\

Figure 3. SCHEMATIC REPRESENTATION OF BATCH DIAFILTRATION

SETTINGS

Mathematical Framework - VP problem
(membrane system configuration)

t

Membrane Response Modul
(computation of flux and rejections)

1

Mechanism-driven models |

- Irreversible thermodynamics model

- Donnan-steric-pore-dielectric-exclusion model

- Gel polarization model
- etc.

| Data-driven models I

- Statistical tools
- Neural networks
- etc.

Figure 4. FLOW-CHART OF THE SIMULATION APPROACH

can be carried out separately using
the most convenient method for the
problem at hand. Thus, either mecha-
nism-driven, or data-driven methods
can be used without having to modify
the proposed framework. We have in-
vestigated statistical tools, such as
response surface methodology (RSM)
and partial least-squares regression
(PLSR), and machine learning techni-
gues in order to estimate the depen-
dence of flux and rejections on the
feed composition such as

g=q(C1, C2...Cn) 3)
Ri = Ri(cy, €2...cn) fori=1,2,..n (4)
RESULTS AND DISCUSSION

The experimental data obtained
from the experimental run no. 1 was
processed with data-driven modelling
techniques (RSM, PLSR and atrtificial
neural networks). Then, the resulting
quantitative expressions for flux q and
rejections R; were integrated in the
proposed mathematical framework.
Runge-Kutta integration scheme is im-
plemented for integrating the feed vo-
lume along with the concentrations for

the studied interval of the operational
time. Figs. 5 and 6 are representative
figures of the simulation outputs for
whey diafiltration using response sur-
face methodology and neural network
approach, respectively. A good agree-
ment between predicted and experi-
mental results can be achieved.

CONCLUSION

A mathematical framework is pro-
vided for simulation of whey diafiltra-
tion processes. Either transport mode-
Is or real-life experimental data can be
employed, without having to modify
the governing equations of the frame-
work. The proposed procedure is ap-
plicable for different batch diafiltration
concepts and for multi-component
systems. We have proposed an expe-
rimental design that minimizes the a-
priori experimentation and permits the
extraction of high-quality information
from the experimental data. To con-
vert raw data into useful information,
we have successfully employed statis-
tical tools (RSM, PLSR) and artificial
neural networks. The modeling tech-
nigue has been validated with a num-
ber of process runs by adjusting diffe-

5
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Figure 5. ORGANIC COMPOUNDS (LEFT SIDE) AND IONIC SPECIES (RIGHT SIDE) AS FUNCTION OF
OPERATIONAL TIME FOR VARIABLE-VOLUME DIAFILTRATION WITH A=0.75. EXPERIMENTAL DATA ARE
ILLUSTRATED WITH SYMBOLS AND ESTIMATED VALUES WITH CONTINUOUS LINES
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rent diluant utilization schemes. A go-
od agreement between simulated and
measured filtration data was found.
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Surutka je sporedni proizvod dobijen tokom prerade mleka u sir ili kazein. Surutka
se proizvodi u velikim koli¢inama u celom svetu: godiSnji obim surutke proizvedene u
svetu prelazi 160 miliona tona. Primena nanofiltracije €ini surutku pogodnim dodatkom
u ljudskoj ishrani. U radu je data simulacija metode za predvidanje dinamike procesa
membranske filtracije u viSekomponentnim sistemima kao $to je surutka. Eksperimen-
talni podaci su dobijeni tokom laboratorijske nanonfiltracije slatke i kisele surutke.
Upotrebljeni su modeli koji minimiziraju neophodne apriori eksperimente i omoguca-
vaju pretvaranje sirovih podataka u korisne informacije. Integrisani su statisticki alati i
tehnike u€enja pomoc¢u masina u predlozenom matemati¢ckom okviru. Rezultati prika-
zuju da ovakve tehnike mogu da modeluju viSekomponentne sisteme gde je dostupna
limitirana informacija o njihovom stvarnom hemijskom sastavu.

Kljuéne rec€i: desalinacija * dijafiltracija « nano-
filtracija « simulacija * surutka
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Due to their role in cheese manufac-
ture and ripening yeasts and moulds are
attracting increasingly attention. While they
are supposed to be useful in some cheese
types production their presence in most of
cheese varieties can be harmful for cheese
quality and human health. Cheese defects
can be more or less moderate such as
changes of flavour, disintegration of the
structure, open texture or slimy surface as
result of yeasts activity or more serious
such as production of toxic secondary me-
tabolites (mycotoxins) that can do harm to
consumers as result of moulds activity.
Occurrence of yeasts and moulds during
cheese production is almost unavoidable
since they have ability to grow well at low
temperatures, pH and water activity as well
as at high salt concentration which all of
them are limiting factors for most of bacte-
ria. There are many sources of contami-
nation both in manufacture and in ripening
of cheese. They are: equipment surface,
environment, floors, walls, workers aprons
and hands but especially brine (yeasts)
and air (moulds). Debaromyces hansenii is
dominant species in most cases. Moulds
can cause visible damage to the cheese
with intensive lipolysis and proteolysis and
Penicillium spp. is the main cause while
Aspergillus spp. very often occurs. The
best measure for prevention and control of
contaminating yeasts and moulds growth is
proper cleaning and sanitation of process-
sing plant, ripening and storage rooms.
Many treatments for growth of yeasts and
moulds prevention are studied such as co-
oling, freezing, coating, modified atmos-
phere packaging, biopreservation or their
combination. Some of them are quite use-
ful but many factors influence efficiency.
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OCCURRENCE OF YEASTS AND MOULDS
IN CHEESE AND MEASURES FOR

GROWTH CONTROL*

INTRODUCTION

Yeasts and moulds have a positi-
ve role in many branches of food tech-
nology and are one of the important
foundations that underpin modern bio-
technology. In the production of chee-
se they have a positive effect on the
characteristics of certain types of che-
ese. Therefore they are used as se-
condary starters for many types of
cheese, such as blue-veined and whi-
te-surface mould cheese varieties or
surface smear ripened cheese variety-
es. However, their presence in cheese
is still generally considered as harmful
as it can cause adverse effects on the
sensory properties of cheese and cau-
se harmful effects on human health.

Occurrence of yeasts and moulds
in cheese

The presence of yeasts in cheese
is not surprising considering that they
are developing well at low temperatu-
res, low pH, low water activity and
high concentration of salt, which are
precisely the conditions prevailing in
most cheeses (Jakobsen and Narv-
hus, 1995; Seiler, 2003). Most yeasts
develop well in hot, watery, sweet,
sour and aerobic environments (Viljo-
en, 1996). The most dominant in che-
eses is Debaromyces hansenii (Viljo-
en, 1996; Seiler, 2003). Similar to ye-
asts, moulds too tolerate low pH and
low water activity better than bacteria
and therefore they are more often the
cause of spoilage of food products
with increased acidity, including chee-
ses (Frisvad et al., 2007). In addition,
many types of mould are microaero-
philic and can grow in low oxygen en-
vironments such as the interior of che-
ese or in hermetic packages (Montag-
na, 2004). Yeast use carbohydrates

as a source of energy and we can ar-
gue that they are the most capable in
terms of utilization of glucose, while
only certain types are capable of assi-
milation and fermentation of lactose
and galactose. They have lipolytic and
proteolytic enzymes and thus partici-
pate in the breakdown of fats and pro-
teins. The feature that makes them
significant in cheese ripening is the
capacity to utilize lactates and thus
contribute to increasing the pH of che-
ese (Jakobsen and Narvhus, 1995).
Moulds secrete numerous proteolytic,
amilolytic and lipolytic enzymes, and a
number of products that affect the fla-
vour of cheese are thus produced. So-
me species, such as Penicillium roqu-
eforti and P. camemberti, can use lac-
tates as a carbon source which cau-
ses a rise in pH, often to a neutral en-
vironment (Hutkins, 2006). Taste and
odour defects that can occur as a re-
sult of the presence of contaminating
yeasts can be characterized as fruity,
bitter or yeasty “notes®, ester-like
smell, and moldy, putrid, overripe, al-
coholic, musty, fermented, earthy, spi-
cy, ammonia and sweet. The effects
on the structure are reflected as gassy
and open texture, while the enhanced
lipolysis and proteolysis may cause
the cheese surface to be softened,
and the bark may become slimy (Ja-
kobsen, Narvhus, 1996; Pereira-Dias
et al. 2000; Seiler, 2003). Moulds cau-
se changes in the structure, odour
and flavour of cheeses, very often
with side effects such as unpleasant
odour and flavour, discolouration, de-
cay and softened texture. However,
the most important effect is the pro-
duction of toxic secondary metaboli-
tes, mycotoxins (Filtenborg et al.,
1996). Milk for cheese production is
not a significant source of yeasts and
moulds as they are rather poor com-

* This paper was presented as Session Lecture at International Conference JOINT EVENTS: 2™ CEFSER (Center of Excellence for Food Safety and
Emerging Risks) Workshop “Persistent organic pollutants in food and environment*, 26" Symposium on Recent Developments in Dairy Technology and
BIOXEN seminar “Novel approaches for environmental protection” at University of Novi Sad, Faculty of Technology, 8-10 September 2011.
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petitors against bacteria in cheeses.
Sources of contamination include:
equipment surfaces and the immedi-
ate environment, supplements and
aids in the production line, brine, air in
the production and ripening rooms,
floors and walls, and workers™ hands
and working clothes. In most cases,
brine is found to be the main source of
yeast contamination, and in the case
of mould contamination the most com-
mon source is the air in ripening and
production rooms (Hocking and Fae-
do, 1992; Welthagen and Viljoen,
1998; Welthagen and Viljoen, 1999;
Lund et al.,, 2003; Viljoen et al,
2003a; Viljoen et al., 2003b; Kure et
al., 2004; Temelli et al., 2006). In most
cases, the dominant yeast species in
cheeses is D. hansenii. The count of
yeasts in cheese can reach 5-6 log
cfu/g while in some species it can be
as high as 7-8 log cfu/g (Welthagen
and Viljoen, 1999). This count varies
and is certainly dependent on a num-
ber of factors: the type of cheese,
ripening stage, the surface or inside of
the cheese, season, etc. (Figure 1).
Dominant moulds are usually Penici-
llium spp., and Aspergillus spp. occurs
very often as well (Hocking and Fae-
do, 1992, Varnam and Sutherland,
1994).

7.00

milk while cooling was less efficient.
The study has shown that freezing
can reduce the count of microorga-
nisms and that the procedure is sui-
table for goat cheese without causing
microbiological failure (Park et al,
2004).

Moulds that are formed in cheese
are generally viewed as having a toxic
nature. Depending on the type and
characteristics, the toxins can pass
into the depth of 1-2 cm from the sur-
face but can also penetrate the inside
of the cheese. For this reason, remo-
val of bark is not effective, so the mo-
uld occurrence is prevented by regular
washing of cheese surface, packing
cheese in a film or coating it with pa-
raffin wax. Primarily, the use of poly-
ethylene natamycin antibiotic (pimari-
cin) is common. It is classified as a
preservative, mould preventive, and
antibiotic in food additive list (Var et
al., 2006). In many countries natamy-
cin and sorbate are the only permitted
antifungal agents for surface treat-
ment of cheese. Although sorbates ef-
fectively inhibit the growth of many
spoilage organisms that occur on the
surface of the product they have a
number of disadvantages compared
to natamycin. What is required is a
relatively high concentration of sorba-
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Figure 1. THE COUNT OF YEASTS AND MOULDS IN DIFFERENT RIPE

CHEESE TYPES (Welthagen and Viljoen, 1998; Welthagen and
Viljoen, 1999; Minervini et al., 2001; Papademas and Robinson,
2001; Alki¢ et al., 2008; Rantsiou et al., 2008)

Measures for growth control

The first and the best way to
control the growth of contaminating
yeasts and moulds is to apply the cor-
rect procedure for cleaning and sa-
nitation of processing plants, storage
and ripening rooms. The correct cho-
ice of sanitizer is important. Thus,
chlorine has a more effective impact
on the moulds in comparison to the
peracetic acid or peroxides (Cousin,
2003). Freezing reduced the count of
yeasts and moulds in a soft French-
style cheese from pasteurized goat

tes to prevent mould growth, and
additional problem is that common
moulds develop a significant resistan-
ce to sorbates. While natamycin is re-
tained on the cheese surface the sor-
bates migrate into the interior of the
product, resulting in reduced effective-
ness. In addition, the sorbates may
have a negative impact on flavour,
odour and colour of the product and
may inhibit starter cultures. On the
other hand, natamycin has a broad
spectrum of activity against yeasts
and moulds, prevents the formation of
mycotoxins, does not create resistan-

ce, does not affect the starter bacteria
of the surface ripening flora, it is ef-
fecttive at low concentrations, has a
longer activity period with a slow rele-
ase, it stays on the surface, and the
application is simple - coating, casing,
dipping or spraying, there is no nega-
tive effect on cheese quality, has no
odour and taste, its use is allowed in
most countries and it is chemically
stable (Stark, 2007). Bacteriocin nisin
is also widely used as a protective
agent. Antimicrobial agents natamycin
and nisin can be released from the
synthetic lacquer coatings on polymer
packaging film in quantities that could
inhibit the sensitive forms of microor-
ganisms on the surface of packaged
food. Coextruded polyamide/polyethy-
lene film coated with PVdC lacquer
containing nisin and natamycin had in-
hibitory effect on the selected test
moulds (P. expansum, and Fusarium
culmorum). The film was not suitable
for packing of surface-ripened chee-
ses, but was able to prevent the
growth of spoilage microorganisms on
the surface of packaged soft cheese
(HanusSova et al., 2010). Some Penici-
llium species isolated from cheese are
capable of sorbic acid degradation
and produce 1,2-pentadiene, a volati-
le component with an unpleasant odo-
ur of hydrocarbon. The study was
conducted to examine the effects of
several antimycotics (K-sorbate, Na-
benzoate, Ca-propionate, di-Na-ethy-
lenediaminetetraacetic acid (EDTA)
and natamycin) alone or in combina-
tion, in preventing the growth of five
moulds isolated from Parmesan chee-
se and lemon-flavoured drink contain-
ning sorbate. The results showed that
the protective system, which contains
a reduced concentration of K-sorbate,
in combination with other antimyco-
tics, especially natamycin, has the po-
tential to control the growth of moulds
capable of producing 1,3-pentadiene
(Mann & Beuchat, 2008). The use of
antimicrobial agents (natamycin) and
packaging material during ripening
stage of Kashar cheese was also exa-
mined. After two months only the che-
eses with a combination of natamycin
and packaging showed no mould
growth (Var et al., 2006). Modified at-
mosphere packaging (MAP) is a mo-
dern process developed in food indus-
try to extend shelf life of products with
higher moisture content. The gases
used are carbon dioxide, nitrogen,
carbon monoxide and sulfur dioxide.
The most commonly used and per-
haps the most effective gas is CO; in
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combination with or without other ga-
ses. The use of modified atmosphere
to prevent fungal growth and myco-
toxin production in cheese was exa-
mined. Eight species of moulds were
inoculated into cheese and then incu-
bated under conditions of decreasing
concentration of O, (from 5% to 0.5%)
and increased concentration of CO;
(20-40%). All of the tested moulds
were grown in an atmosphere with 20
and 40% CO; with 1% or 5% O,, but
this growth was reduced by 20-80%
depending on the species, compared
with growth in air (Taniwaki et al.,
2001). In examining the shelf-life of
Cameros cheese, fresh cheese produ-
ced from pasteurized goat milk, pack-
ed in modified atmosphere, five differ-
rent combinations of conditions of mo-
dified atmosphere (CO2/N2 mixtures
and vacuum) were used, while the
control cheese was packaged under
air. Cheese packaged in an atmo-
sphere of 50% CO,/ 50% N, and 40%
CO, / 60% N2 showed the best result
for the viability of cheese that kept
good sensory properties (Gonzales-
Fandos et al., 2000). The effect of
MAP was studied on the shelf life of
whey cheese Myzithra Kalathaki using
the following variants: the vacuum
pack, 20% CO;/ 80% N, 40% CO;/
60% N2, and 60% CO,/ 40% Np; pack
under air used as control. With combi-
nations of 40% CO; / 60% N, and
60% CO;/ 40% N, yeasts and moulds
remained below the detection limit
(2.0 log cfulg) even after 35 days.
Thus, high concentrations of CO, had
an effect on inhibiting the growth of
yeasts and moulds (Dermiki et al.,
2008). A particular problem occurs
with preservation of fresh cheeses
with high moisture content that are
therefore highly susceptible to micro-
bial failure. The combination of the
active coating and modified atmo-
sphere packaging is applied to extend
the shelf life of fresh cheese Fior di
Latte. Active coating was based on
Na-alginate (8% wt/vol.), with the ad-
dition of lysozyme (0.25 mg/ml) and
EDTA, disodium salt (EDTA-NA;, 50
mM) while MAP was composed of
30% CO3, 5% O and 65% N. Moulds
were not registered in any sample,
and the like was observed for the
yeasts so we can argue that the used
combination improved the sustainabi-
lity of Fiore di Latte cheese (Conte et
al., 2008). Biopreservation as control
of growth of one type of organisms by
others has attracted much attention in
recent years. Among the natural bio-

10

logical antagonists, the lactic acid
bacteria (LAB) attract special attenti-
on. They produce antagonistic compo-
nents capable of controlling pathogen-
nic bacteria and undesirable spoilage
microflora. The use of LAB to control
mould growth can be an alternative to
physical and chemical methods. Cer-
tain studies have shown that a good
selection of LAB can help control the
development of mould and extend the
viability of many fermented products,
and therefore reduce the risk to hu-
man health resulting from mycotoxins
entering the body (Dalié et al., 2010).
Active proteinaceous substances pro-
duced by Lactobacillus paracasei ssp.
paracasei M3 strain used as a starter
for Bulgarian yellow cheese showed
bactericidal and fungistatic properties
during testing in laboratory conditions
against some of contaminating yeast-
strains of Candida albicans, C. pse-
udointermedia, C. blankii and S. cere-
visiae (Atanassova et al., 2003). The
protective culture consisting of Propio-
nibacterium jensenii SM1 and L. para-
casei ssp. paracasei strains SM20,
SM29 or SM63 showed inhibitory acti-
vity against yeasts on the surface of
Gruyére cheese at refrigeration tem-
perature (6°C) without affecting the
quality of the product (Schwenninger
and Meile, 2004). Also, the isolates of
heterofermentative lactobacilli isolated
from Feta cheese showed antago-
nistic activity against moulds that grow
on the surface of the cheese and yea-
st in cheese. Different degree of in-
hibition was detected against isolates
of P. candidum and D. hansenii, but
none of them showed activity against
S. cerevisiae (Voulgari et al., 2010).
Biological decontamination, which is
considered as a good potential for
control of mycotoxins in addition to
LAB also involves the antagonistic
abilities of some yeasts against mo-
ulds. It has been shown that S. cere-
visiae and some lactic acid bacteria
have the capacity to strongly bind dif-
ferent mycotoxins to cell wall compo-
nents which can be explained as a
feature of the strain (Shetty and Jes-
persen, 2006). Some strains of D.
hansenii have an antagonistic effect
on moulds. Inhibitory effect was
shown on the contaminating moulds
Aspergillus sp., Byssochlamys fulva,
B. nivea, Cladosporium sp., Eurotium
chevallieri, P. candidum and P. roque-
forti, but it depended on the concen-
tration of mould. The lower the con-
centration, the more effective was the
yeast. However, when applied on

mould-ripened cheeses, precautions
should be taken because if an anta-
gonistic yeast strain is present, it may
have a negative effect on ripening and
quality of cheese (Liu and Tsao,
2009). The inhibitory effect of fungal
starter on the growth of contaminating
moulds and production of their se-
condary metabolites were examined
in laboratory media and Camembert
cheese. Species P. nalgiovense, P.
camemberti, P. roqueforti and G. can-
didum were selected as fungal star-
ters. Fungal starters showed different
level of competitiveness against the
contaminating moulds. P. nalgiovense
manifested inhibitory effect on the
growth of contaminating moulds on
the laboratory medium. G. candidum
caused a significant inhibition of fun-
gal contaminants on Camembert che-
ese and it is evident that it plays a
significant role in competition with un-
desirable microorganisms (Nielsen et
al., 1998).

CONCLUSION

The emergence of yeasts and
moulds is a sporadic problem in che-
ese production. Their count varies de-
pending on the type of cheese and
production conditions. Prevention me-
asures are different, and those are in
the first place good hygiene practices
and use of various measures, some of
which yield successful results in pre-
venting the occurrence of yeasts and
moulds.
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POJAVA KVASACA | PLESNI U SIRU | MERE ZA KONTROLU RASTA

Zlatan O. Sari¢, Tarik A. Dizdarevi¢

Univerzitet u Sarajevu, Poljoprivredno-prehrambeni fakultet, Bosna i Hercegovina

Kvasci i plesni privlae sve viSe paznje zbog svoje uloge u proizvodnji i zrenju
sira. Dok bi oni trebalo da budu korisni u proizvodnji nekih vrsta sireva, njihovo pri-
sustvo u mnogim vrstama sireva moze biti Stetno po kvalitet sira i ljudsko zdravlje.
Nedostaci sira kao rezultat delovanja kvasaca mogu biti manje ili viSe umereni kao Sto
su promena ukusa, strukture, otvorena tekstura ili sluzava povrsina sira ili ozbiljnije
promene delovanja plesni kao $to su proizvodnja sekundarnih toksi¢nih metabolita
(mikotoksina). Pojava kvasaca i plesni za vreme proizvodnje sira je gotovo neizbezna
jer oni imaju sposobnost rasta na niskim temperaturama, niskoj pH i niskoj aktivnost
vode kao i pri visokoj koncentraciji soli, $to su ograni¢avajuéi faktori za vecinu bakte-
rija. Postoje mnogi izvori zagadenja, kako u proizvodniji tako i tokom zrenja sira. To su:
povrsina opreme, okolina, podovi, zidovi, kecelje i ruke radnika a posebno salamura
(kvasci) i vazduh (plesni). Debaromyces hansenii je dominantna vrsta u vecini slu-
Cajeva. Plesni mogu izazvati vidljiva oSte¢enja na siru sa intenzivnom lipolizom i pro-
teolizom, pri éemu je Penicillum spp. glavni uzrok dok se Aspergillus spp. veoma ces-
to pojavljuje. Najbolja mera za prevenciju i kontrolu rasta zagadujucih kvasaca i plesni
je odgovarajuce CiS¢enje i sanitacija tehnoloskih linija za preradu mleka u sir i prosto-
rija za zrenje i skladiStenje. Mnogi tretmani za spreCavanje rasta kvasaca i plesni se
izu€avaju kao Sto su hladenje, smrzavanje, upotreba premaza za zastitu sira, pako-
vanje sira u modifikovanoj atmosferi, biokonzervisanje ili njihova kombinacija. Neki od
njih su izuzetno korisni ali od brojnih faktora zavisi efikasnost.

tobacillus paracasei subsp. paracasei Inhibits
Food Spoilage Yeasts. System. Appl. Micro-
biol. 27, 229-237.

Taniwaki, M. H., Hocking, A. D., Pitt, J. I., Fleet,
G. H. 2001. Growth of fungi and mycotoxin
production on cheese under modified atmo-
spheres. Int. J. of Food Microbiol. 68, 125-133.

Temelli, S., Anar, $., Sen, C., Akyuva, P. 2006.
Determination of microbiological contamination
sources during Turkish white cheese pro-
duction. Food Control 17, 856-861.

Varnam, A. H., Sutherland, J. P. 1994. Milk and
Milk Products: Technology, Chemsitry and Mi-
crobiology. New York, USA: Chapman & Hall.

Var, |, Erginkaya, Z., Giliven, M., Kabak, B.
2006. Effects of antifungal agent and packa-
ging material on microflora of Kashar cheese
during storage period. Food Control 17, 132-
136.

Viljoen, B. 1996. The ecological diversity of ye-
asts in dairy products. In: Jakobsen, M.,
Narvhus, J., Viljoen, B. C. Symp. Yeasts in the
Dairy Industry: Positive and Negative Aspects
(pp. 71-77). Copenhagen, Denmark, Brussels,
Belgium: FIL-IDF 9801.

Viljoen, B. C., Knox, A. M., De Jager, P. H., Lou-
rens-Hattingh, A. 2003a. Development of
Yeast Populations during Processing and Ri-
pening of Blue Veined Cheese. Food Technol.
Biotechnol. 41 (4), 291-297.

Viljoen, B. C., Khoury, A. R., Hattingh, A. 2003b.
Seasonal diversity of yeasts associated with
white-surface mould-ripened cheeses. Food
Res. Int. 36, 275-283.

Voulgari, K., Hatzikamari, M., Delepoglou, A.,
Georgakopoulos, P., Litopoulou-Tzanetaki, E.,
Tzanetakis, N. 2010. Antifungal activity of non-
starter lactic acid bacteria isolates from dairy
products. Food Control 21, 136-142.

Welthagen, J. J., Viljoen, B. C. 1998. Yeast pro-
file in Gouda cheese during processing and
ripening. Int. J. Food Microbiol. 41, 185-194.

Welthagen, J. J., Viljoen, B. C. 1999. The isola-
tion and identification of yeasts obtained during
the manufacture and ripening of Cheddar che-
ese. Food Microbiol. 16, 63-73.

Key words: sir « plesni « kvasci * zrenje -
postupci « prevencija

11



DRAGOJLO B. OBRADOVIC / Preh. ind. — Mieko i ml. proiz. 1 (2011) 12-15

DRAGOJLO B. OBRADOVIC

University of Belgrade, Faculty of
Agriculture, Belgrade, Serbia

SCIENTIFIC PAPER

UDK: 637.1: 663.18

Fermented dairy foods containing be-
neficial bacteria have been around for
thousands of years. These bacteria are
called probiotics which when administered
in adequate amounts, confer a health be-
nefit on the host. Scientists are investiga-
ting whether dairy products are the prefer-
red delivery vehicle for these probiotic cul-
tures. The evidence for the impact of pro-
biotics on diverse end points of human he-
alth is mounting, driving the commercial
development of products containing them.
As a consequence of this explosion of sci-
entific publications the list of patents and
products on the market has been continu-
osly expanding. Main role of starter cultu-
res in dairy industry consists in the pro-
duction of organic acids, aromatic com-
pounds and obtaining appropriate sensory
characteristics. When it comes to probio-
tics all the above effects are negligible but
the emphasis is placed on health effects.
Therefore probiotic cultures have been ex-
ploited extensively by the dairy industry as
a tool for the development of novel func-
tional products. However, it is important
that probiotic products meet appropriate
international standards, and contain appro-
priately characterized organisms, in shelf-
stable formulations that have been shown
in well-designed clinical studies to confer
defined health benefits on the consumer.
This medical data will further dispel the
doubts in certain scientific circles and at
the same time provide consumers with the
assurance that consuming foods with pro-
biotics is an effective way to improve gene-
ral health. This indicates that the industrial
application of probiotics has a secure fu-
ture.
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DAIRY PRODUCTS AND PROBIOTICS -

PRESENT STATE*
INTRODUCTION

In recent times, there has been a
growing appreciation for important
role of commensal microbes in human
and animal health, through mediation
of intestinal development and innate
immunity, or digestion of food and
protection of the host against disease
(Gorbach, 2000). This had led to at-
tempts to manipulate or augment the
microorganisms through the use of
probiotics “live microorganisms that
when administered in adequate amo-
unts confer a health benefit on the
host” (FAO/WHO, 2002). Our know-
ledge of probiotics and their interac-
tions with their hosts is constantly in-
creased, so that a number of potential
and in some cases absolutely proven
beneficial effects exist, as a result of
the consumption of live microbial
cells, including immune modulation,
prevention of the growth of pathoge-
nic microorganisms, such as rotavi-
ruses, Clostridia difficile, Helicobacter
pylori and also prevention of vaginal
infections, dental caries, respiratory
infections, reduction of serum chole-
sterol and dermatitis. Since the health
effects are specific to each strain, it
cannot be expected that all strains
possess these positive clinical effects.
The most commonly used organisms
in probiotic preparation are the lactic
acid bacteria, which are found in large
numbers in the gut of healthy people
and animals and are in the words of
the FDA, Generally Regarded as Sa-
fe. Organisms other than lactic acid
bacteria, which are currently being
used in probiotic preparations, include
Bacillus sp. and yeast Saccharomy-
ces boulardii. Probiotic products are
now available in different formulations
with various strains of lactobacilli, Bifi-
dobacterium longum, Bifidobacterium
infantis, Enterococcus faecium and

others with or without prebiotics like
inulin  and fructooligosaccharides
(FOS). There are some ideal proper-
ties of the probiotic strains that would
benefit human health and could be
used in the probiotics industry. These
include resistance to acid and bile;
attachment to the human gut epithelial
cells; colonization in the human intes-
tine; production of antimicrobial sub-
stances, including bacteriocins; good
growth characteristics and beneficial
effects on the human health. One of
the most important characteristics of a
probiotic strain is that it must be
nonpathogenic. Probiotics must also
present some desirable characteris-
tics, such as maintenance of viability
during processing and storage, ease
of application in products, and resi-
stance to the physicochemical pro-
cessing of the food (Ouwehand et al.,
2002; Sanders, 2009). These bacteria
should not be pathogenic, toxic, muta-
genic, or carcinogenic in the host or-
ganism, must be antagonistic to pa-
thogens and be genetically stable
without a plasmid transfer mecha-
nism, especially concerning antibiotic
resistance; they must survive during
digestion and possess the ability to
adhere and colonize the gut mucosa,
promoting immuno-stimulation without
inflammatory effects (Schrezenmeir
and de Vrese, 2001).

The mechanisms by which probio-
tics exert their effects are largely un-
known, but may involve modifying gut
pH, antagonizing pathogens through
production of antimicrobial compoun-
ds, competing for pathogen binding
and receptor sites as well as for
available nutrients and growth factors,
stimulating immunemodulatory cells,
and producing lactase. The leader in
the application of probiotics is un-
doubtedly dairy industry and especial-
ly sector of fermented milks. Probiotic

* This paper was presented as Session Lecture at International Conference JOINT EVENTS: 2™ CEFSER (Center of Excellence for Food Safety and
Emerging Risks) Workshop “Persistent organic pollutants in food and environment®, 26" Symposium on Recent Developments in Dairy Technology and
BIOXEN seminar “Novel approaches for environmental protection” at University of Novi Sad, Faculty of Technology, 8-10 September 2011.
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dairy products are expected to com-
mand the highest market share
among all the probiotic foodstuffs ac-
counting for almost 70% in the year
2009 and will reach a market size of
almost $24 billion by the end of 2014.

The biggest markets for these pro-
ducts are Europe and Asia; the U.S.
market has slowly but surely opened
up to these products in the recent past
and is expected to grow at a CAGR of
17% from 2009 to 2014, the biggest
contributor being probiotic cultured
drinks followed by probiotic yogurts
(Markets and Market, 2009). Though
the market base of probiotic products
is comparatively lesser in the U.S., the
market is expected to grow at an as-
tounding rate of almost 14% in the sa-
me period driven by the large scale
acceptance of - the probiotic yogurts
in spoonable single serve packs, pro-
biotic cultured drinks in single shot
packaging form and probiotic dietary
supplements.

Factors affecting the activity of
probiotics

Production of high-quality functio-
nal food with various types of lactoba-
cilli and bifidobacteria is a very com-
plex task for food, especially when
milk is used as a substrate for fermen-
tation. These microorganisms are
characterized by slow growth in milk
and low acidogenic potential resulting
in an extension of time of fermen-
tation, whereas bifidobacteria are ex-
tremely sensitive to the presence of
oxygen and low pH. In addition L. del-
brueckii subsp. bulgaricus with acido-
genic activity and the production of
peroxide inhibits bifidobacteria while
with proteolytic activity stimulate ac-
tion of these bacteria. Bearing all this
in mind probiotic bacteria are usually
applied in the community with a yogurt
culture, or one of these bacterial stra-
ins, usually S. thermophilus. Combi-
nation with mesophilic bacteria is also
possible. This is achieved by intensi-
fying the rate of growth of probiotics,
saves the time of fermentation, impro-
ves sensory characteristics such as
viscosity, taste and smell, and at the
same time promotes the nutritional
properties (Hatingh and Viljoen,
2001).

Milk as substrate for fermentation
is subject to various treatments for
various reasons and the most impor-
tant are: getting the desired compo-
sition (standardization and homoge-
nization, adding ingredients of milk,

evaporation, ultrafiltration and reverse
osmosis), the selection of appropriate
heat treatments to obtain optimal con-
ditions for starter culture growth, de-
naturation of whey protein to comply
with the casein network and thus im-
prove the viscosity of the product and
deaeration of the substrate that pro-
vides better development of lactic acid
bacteria and therefore the probiotics.
On the other hand the possibility of
dry matter adjustments associated
with increased buffering capacity is to
create optimal conditions for the mic-
roorganisms, since on one hand there
is an increased amount of nutrients
and on the other hand log phase is
extended, allowing prolonged activity
of starter cells. This also contributes
to a stronger coagulum and weaken
the separation of serum. One im-
portant feature of the cooled milk is a
high oxygen content, which does not
decrease during the thermal treat-
ment, and if the content exceeds the
concentration of 4 mg/kg it can pro-
mote slow growth of microaerophilic
starter lactic acid bacteria. Because of
this, the problem of milk deaeration
and also reduction of mechanical
treatments, which increase the oxy-
gen content, should be given greater
attention as these simultaneously im-
proves homogenizers, and reduces
the appearance of foam, improves f
viscosity of fermented milks and re-
moves odours (Obradovic, 2000).

The size of inoculum of probiotic
bacteria is one of the key factors
contributing to the desired number of
living cells in the final product. One of
the simplest and rational solutions to
this problem is the application of con-
centrated cultures, which represent
major advances in the application of
starter cultures in industrial fermenta-
tion and especially in the dairy indus-
try. It is safe to say that the modern
milk processing is unthinkable without
the use of these cultures, which are
delivered in freeze-dried or frozen sta-
te. Therefore, it is important to report
that these bacteria should be present
in dairy foods to a minimum level of
10° CFU/g or the daily intake should
be about 10° CFU/g, with the aim to
compensate for the possible reduction
in the number of the probiotic micro-
organisms during the passage thro-
ugh the gut (Shah, 2007). It is also im-
portant that the probiotic strains used
are compatible with the lactic acid
starter cultures conventionally used in
the processing of dairy products (San-
ders and Levy, 2011). Firstly, with

regard to the chosen strains for both
the yogurt and the process, these
should be compatible with each other
and between themselves, avoiding
problems such as inhibition by acid,
peroxide, bacteriocins and other me-
tabolites that may affect logistics, pro-
cess yield, and final product quality by
slowing the acidification kinetics (Vin-
derola et al., 2002).

Probiotic dairy products

The pallet of fermented milks with
probiotics is a very diverse and inclu-
des products that have a solid and
liquid consistency, with added fruit,
grains, vitamins, micro and macro ele-
ments, prebiotics which all contribute
to improving the nutritive value of
these products. It is also well known
that yoghurt and other fermented
milks are the most used media to in-
corporate probiotic bacteria in foods
and in this regard, research studies
have optimized sensory qualities to
render a palatable product to consu-
mers. What particularly attracted at-
tention in recent years is the appea-
rance of fermented drinks in plastic
bottles or cardboard packaging volu-
me 65-100 ml, which in fact contain
the recommended daily dose of pro-
biotics. Examples of this are Actimel
and Activia (Danone), Gefilus (Valio),
Actifit (Emmi), Cultura (Arla) and it is
obvious that the concept of daily do-
ses of probiotics is encountering more
than a positive consumer response.
These convenient shots, low in fat and
high in fibres which help increase di-
gestion, contain 30-40 billion probiotic
cells. In most countries, these pro-
ducts are not considering as food and
therefore are no competition to dairy
products (Tamime, 2002).

There are many technological
hurdles involved in the development
and stability of probiotic cheeses. The
major challenge associated with the
application of probiotic cultures in the
development of functional foods is
their viability maintenance during pro-
cessing (Heller etal.,, 2003). There
are five identified hurdles which direct-
ly influence the maintenance of the
functional activities of probiotic bac-
teria in cheese: addition of the pro-
biotic inoculum, salting, packaging, ri-
pening and storage conditions. But if
this production is compared with fer-
mented milks, it is evident that the
cheeses have some advantages. It is
known that the cheeses have a higher
pH and increased buffering capacity
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that prevents the increase in acidity
which absolutely corresponds to pro-
biotics, especially bifidobacteria. Also
the structure of cheese which has
embedded proteins and fat protects
probiotic bacteria during passage th-
rough the upper parts of the gastroin-
testinal tract. But compared to yoghurt
the problem for cheese, especially se-
mi-hard and hard cheese, acting as
carrier for probiotics result from the
high fat and salt content and the re-
latively low recommended daily intake
(Heller et al., 2003). It follows that the
concentration of probiotics in cheese
should be about four to five times hig-
her than in yoghurt. However, this do-
es not apply to fresh cheese, such as
Cottage cheese, which can easily be
adjusted to low fat and salt contents,
and for which recommended daily in-
take is rather high. Low-fat fresh che-
ese may thus serve as a food with a
high potential to be applied as a car-
rier for probiotics. The use of cheese
as probiotic food carrier presents po-
tential advantages and it is a valuable
alternative for the dairy industry. Inspi-
te the fact that the survival of probio-
tics in cheese is more than good a key
question is what is the minimal dose
of cheese to lead to the colonization
of probiotics in gastrointestinal tract
and thus their positive impact on
health.

Ice creams are food products that
show great potential for use as vehi-
cles for probiotic cultures, with the ad-
vantage of being foods consumed by
all age groups (Cruz et al., 2009). Al-
though several factors in their proces-
sing stages should be optimized, to
maintain the microorganisms in viable
doses capable of providing therapeu-
tic activity to consumers, these probio-
tic cultures usually do not modify sig-
nificantly the sensory features of ice
creams and frozen desserts. It de-
pends on the microorganism and the
technological conditions employed to
develop the product. In summary, the
decline in bacterial populations during
freezing is caused by injury as a result
of the process to which they were
submitted, causing their death. In ad-
dition, mechanical stress caused by
agitation and the incorporation of air
might result in a smaller population of
viable cells (Akin, 2005). Even though
several studies have shown adequate
viability of the probiotic cultures during
storage of icecreams, more clinical
studies on the cosumption of probiotic
ice-creams are recommended. Also, it
is important to confirm if, after long
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storage periods, the probiotic cultures
are still able to confer the same health
benefits already observed in other
foods with shorter shelf-lives and hig-
her storage temperatures, such as
yoghurt and other fermented milks.

CONCLUSION

In the past decade dairy products
with probiotics had a large expansion,
some fermented milks have become
market leaders, the use of prebiotics
has become domesticated, but there
is evident that there is still a certain
kind of confusion when it comes to
functional properties of these foods.
Little is known about how the food
matrix and product formulation im-
pacts probiotic functionality, even
though such information is essential to
scientific understanding and regula-
tory substantiation of health benefits.
The food format has the potential to
affect probiotic survival, physiology,
and potentially efficacy, but few com-
parative studies in humans have been
conducted. Also the new data was
providing insights into how different
bacteria function at the genetic and
molecular level in the body along with
the non-nutritive potentialities. There
are usually just couple of genes that
are unique to each strain and isolating
these is providing information about
functionality. It is important informa-
tion for probiotics, dairy products in
the nutrition area alone. It is difficult to
see how this kind of research can be
done without genomics now. But the
lack of validated biomarkers for pro-
biotic end points is a big scientific cha-
llenge to establishing causal link bet-
ween a probiotic and health benefit.
This high quality clinical evidence is
prerequisite for further development of
probiotic product including those from
dairy industry.
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IZVOD
MLECNI PROIZVODI | PROBIOTICI- SADASNJE STANJE

Dragojlo B. Obradovi¢

Univerzitet u Beogradu, Poljoprivredni fakultet, Beograd, Srbija

Fermentisani mlecni proizvodi koji sadrze korisne mlecne bakterije postoje ve¢ hi-
liadama godina. Ove bakterije se zovu probiotici koje kada se koriste u odgovaraju¢im
dozama, pokazuju koristne efekte po zdravlje ljudi. Naucnici ispituju da li su mlecni
proizvodi odgovarajuée sredstvo za prenos ovih probiotskih kultura. Dokaz za uticaj
probiotika na ljudsko zdravlje je oslonac za komercijalni razvoj proizvoda koji ih sadr-
Ze. Kao posledica ove ekspolatacije nau¢nih publikacija, lista patenata i proizvoda na
trziStu se konstantno povecava. Glavna uloga starter kulture u industriji mleka sastoji
se od proizvodnje organskih kiselina, aromati¢nih jedinjenja i postizanja odgovarajucih
senzornih osobina. Kada je re€ o probioticima svi spomenuti uticaji su zanemarljivi, ali
se naglasak stavlja na zdravlje. Stoga probiotske kulture intenzivno iskori§¢ava Indus-
trija mleka kao sredstvo za razvoj novih funkcionalnih proizvoda. Medutim, vazno je da
probiotski proizvodi zadovoljavaju odgovaraju¢e medunarodne standarde i sadrze ka-
rakterizovane organizme u formulacijama koje su produzene trajnosti, prikazane u
dobro dizajniranim klini€kim studijama kako bi pruzile definesane benefite po zdravlje
potro$aca. Ovakvi medicinski podaci ¢ée dodatno razbiti sumnje u odredenim nau¢nim
krugovima, a u isto vreme obezbediti potro§a¢ima sigurnost da konzumiranje hrane sa
probioticima jeste efikasan nacin za pobolj$anje opSteg zdravstevnog stanja. Ovo uka-
zuje da industrijska primena probiotika ima sigurnu buduénost.

Kljuéne reci: probiotici « industrija mleka
primena
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Transglutaminase (TG) is an enzyme
that increases formation of inter- and intra-
molecular bonds inside milk protein chains,
which contributes to formation of firmer gel,
decrease of syneresis, improvement of
consistency and achievement of smoother
yoghurt surface. The effect of different
temperatures for TG activation on fermen-
tation time, syneresis, water holding capa-
city, acidity, as well as viscosity of probiotic
yoghurt has been examined. Yoghurt
samples were produced from milk with
0.1% milk fat and addition of thermophylic
starter culture DELVO-Yog MY-721 DSL
(Lactobacillus acidophilus, Bifidobacterium,
Streptococcus thermophilus). TG was ad-
ded in milk in concentrations of 0.02%,
0.04% and 0.08% with or without activa-
tion. Temperatures used for TG activation
were: 25°C and 40°C. It was found that the
parameters of transglutaminase activation
have a significant effect on fermentation
time, syneresis, water holding capacity, as
well as on viscosity of probiotic yoghurt.

Key words: yoghurt « probiotic starter
cultures - transglutaminase « optimisation
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THE OPTIMISATION OF TEMPERATURE
FOR TRANSGLUTAMINASE
ACTIVATION IN PROBIOTIC YOGHURT

PRODUCTION
INTRODUCTION

Milk and various dairy products
have important place in human food
consumption. Fermented dairy pro-
ducts, especially new probiotic yog-
hurts have a large share on the mar-
ket. Their nutritional and biological va-
lues contribute to the increasing po-
pularity of this products. This positive
image could be expanded further by
adding nutraceutical ingredients such
as native whey proteins to the yoghurt
(Guggisberg et al., 2007).

Important role in milk fermentation
process have starter cultures with
their activity in technological process
and production of fermented dairy pro-
ducts. They also give them certain
sensory characteristics. For producti-
on of regular yoghurt mixed and sim-
biotic starter cultures are used, such
as: Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bul-
garicus.

Probiotics (Lactobacillus and Bifi-
dobacterium) are considered to be the
third generation starter cultures. They
are microorganizms isolated from a
human intestinal tract. Latest forms of
fermented milk beverages contain
prebiotics (inulin, oligofructose). They
are digestible food ingredients, which
stimulate the growth and the viability
of present probiotic starter cultures.
Products that contain both probiotics
and prebiotics can be called a func-
tional food (Tamime, 2006)

Generally, rheological properties
of yoghurt affect significantly the qua-
lity of the product. Various factors
have a major contribution to yoghurt
structure, but the most important are:
the heat treatment/homogenization of
the milk base (casein/whey protein
ratio), the starter culture and technolo-

gical parameters such as temperatu-
re, pressure, etc.( Sodini et al., 2004).

The presence of a significant
amount of milk fat has a positive im-
pact on gel strenght of yoghurt pro-
duced from whole milk. Present trend
in dairy technology is production of
“low-fat (0.5-2% fat) and “non-fat*
(less then 0.5% fat) yoghurt. Serious
problem is achieving the specific pro-
perties that are important indicator of
the quality of yoghurt: viscosity, textu-
re, homogeneous consistency without
release of the liquid phase — synere-
sis.

In order to produce yoghurt with
low energy value, improved gel cha-
racteristics, good physical and chemi-
cal properties enzyme transglutami-
nase (TG) can be used. Enzymes are
potential tools to increase the for-
mation of covalent cross-links in pro-
teinaceous food (Sodini et al., 2004,
Bonisch et al., 2007; Milanovi¢ et al.,
2007; Schorsch et al., 2000).

The enzyme transglutaminase is a
transferase which form both inter and
intra-molecular isopeptide  bounds
between proteins by cross-linking of
the amino-acid residues of glutamine
and lysine (Ikura et al., 1992; Nielsen
1995; Motoki and Seguro 1998). This
contributes to formation of firmer gel,
decrease of syneresis, improvement
of consistency and achievement of
smoother yoghurt surface. Although
other enzymes have been used in
different food structure engineering
applications TG is the only commer-
cial cross-linking enzyme available for
dairy products. The enzyme transglu-
taminase naturally present in most
animal tissues and body fluids, plays
an important role in blood-clot forma-
tion (Yeh et al., 2006).With the avail-
ability of the enzyme from a microbial
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source, its applications in the food
industry are being widely researched.

Treatment of milk with TG impro-
ves its heat stability, probably by pre-
venting dissociation of k-casein from
the micelles through cross-linking of
caseins (Hinz et al., 2007). The addi-
tion of TG can reduce proteins and
milk fat to produce non-fat yoghurt
with the same rheological characte-
ristics as yoghurt from whole fat milk.
There are two different ways of TG
application simultaneously with or pri-
or to the fermentation. In the first ca-
se, TG was simultaneously added
with the starter culture. Pretreatment
of milk with TG addition prior to fer-
mentation demand additional process
time as well as thermal inactivation
step and has the advantage of a con-
stant pH during the cross-linking reac-
tion (Schorsch et al., 2000).

Recent researches have indicated
that UHT treatment of micellar casein
suspended in milk serum improves
the cross-linking reaction by increa-
sing isopeptide e—(y-glutamyl) lysine
concentration (Rodriguey-Nogales,
2006). Generally, heat treatment of
milk prior to cross-linking is necessary
due to the reactivity of TG is very low
in unheated or pasteurized milk, des-
pite the high reactivity of the casein.

The aim of this study was to opti-
mise the amounts of TG added in
yoghurt for its production from milk
with 0.1% fat content and to investi-
gate influence of different TG activa-
tion temperatures on samples’ physi-
cal and rheological characteristics.

MATERIALS AND METHODS
Milk

Skim cow’s milk with 0.1% fat from
AD Imlek, Division Novi Sad Dairy,
Serbia, was used for the production of
probiotic yoghurt. Milk characteristics
are shown in Table 1.

Starter culture

Milk was inoculated with
0.00942% DELVO-Yog MY-721 DSL
(Direct Set Lypophilised) starter cul-
ture and it was manufactured by DSM
Food Specialties, Dairy Ingredients,
Netherlands. Starter culture contai-
ned: Lactobacillus acidophilus, Bifido-
bacterium and Streptococcus thermo-
philus.

Transglutaminase

Enzyme transglutaminase (Ajino-
moto Foods, Japan) was used for the

Table 1. MILK PHYSICOCHEMICAL CHARACTERISTICS
Tabela 1. FIZICKO-HEMIJSKE KARAKTERISTIKE MLEKA

Total Milk fat Total proteins Ash Acidity H
solids (%) (%) (%) (%) (°SH) P
8.67 0.10 3.27 0.76 6.23 6.59

improvement of the characteristics of
probiotic yoghurt. TG was added to
milk in concentrations of 0.02%,
0.04% and 0.08% with or without acti-
vation at two different temperatures
(25°C and 40°C).

(w/w). The enzyme was activated at
two different temperatures (25°C du-
ring 3h and 40°C during 2h). Inacti-
vation was done with heat treatment
at 80°C, which lasted for 1 minute.
Milk was inoculated with starter cul-

Table 2. SAMPLES PRODUCED WITH AND WITHOUT TG ACTIVATION
Tabela 2. PROIZVEDENI UZORCI SA | BEZ AKTIVACIJE

TRANSGLUTAMINAZE

TG addition, % Without TG activation |t TG activation
25°C 40°C

0.02 2WA 2A25 2A40

0.04 AWA 4A25 4A40

0.08 8WA 8A25 8A40

* A- with TG activation, WA- without TG activation

Yoghurt production

Yoghurt samples were produced
on a laboratory scale from skimmed
milk of 0.1% milk fat. TG application
was tested in two ways: with activati-
on, when milk with TG was incubated
prior to fermentation and without pre-
vious activation.

The enzyme transglutaminase
was added into milk in three concen-
trations: 0.02%, 0.04% and 0.08%

MILK

ture at 42°C. Fermentation lasted until
pH reached 4.5 and then was cooled
at 6°C. The samples were homoge-
nized and packed into appropriate
packing.

The samples without TG activation
were inoculated at 42°C and trans-
glutaminase was added at the same
temperature. Fermentation lasted until
pH reached 4.5 and then was cooled
at 6°C. This samples were also ho-
mogenized and after that packed.

(0.1% fat)

~

TG Activation
(25°C, 3h; 40°C, 2h)

'

HEAT TREATMENT

Transglutaminase —

(TG inactivation, 80°C, 1min)

'

FERMENTATION
(42°C, pH=4.5)

'

COOLING
(+6°C)

'

MIXING

'

Packaging —» PACKING

'

PROBIOTIC YOGHURT
WITH TG ACTIVATION

Starter culture —»

N

FERMENTATION
(42°C, pH=4.5)

.

COOLING
(+6°C)

'

MIXING

'

PACKING -+— Packaging

'

PROBIOTIC YOGHURT

Transglutaminase
Starter culture

WITHOUT TG ACTIVATION

Figure 1. TECHNOLOGICAL PROCESS OF PROBIOTIC YOGHURT
PRODUCTION WITH TRANSGLUTAMINASE

Slika 1. TEHNOLOSKI PROCES PROIZVODNJE JOGURTA
SA DODATKOM TRANSGLUTAMINAZE
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Samples produced are shown in
Table 2. Control sample was produ-
ced without TG addition (K).

Probiotic yoghurt flow chart with
and without TG activation is represen-
ted on Figure 1.

Physical characteristics of a low
fat yoghurt samples were analyzed
after production.

Whey syneresis was measured by
whey separation and it was expressed
in mL of whey separated during filtra-
tion of 50 mL sample for 3 hours, at
room temperature (Atamer et al,
1996).

Water-holding capacity of yoghurt
(WHC) was determined according to a
procedure introduced by Guzman-
Gonzalez et al. (1999).

Total acidity was determinated by
titration with a standard solution of so-
dium hydroxide and phenolphthalein
as indicator (Cari¢ et al., 2000).

Viscosity of the samples was de-
terminated by Brookfield viscometer
(Digital DV-E, Brookfield, England)
under following conditions: temperatu-
re 20°C, sample 150g, spindle shape
S03, spindle speed 6.0 rpm, mixing
time 180s. Viscosity was determened
after production.

RESULTS AND DISCUSSION

Fermentation time

Fermentation times (Figure 2) we-
re the shortest in samples produced
with TG activation at 40°C and it las-
ted from 6h to 6.5h. These results are
in accordance with the previous re-
sults (Milanovic et al., 2007). Control
sample (produced without TG) and
sample without TG activation had the
longest fermentation time lasted 7.5h
and 7.2h, respectively.

It is noticeable that fermentation
time of samples with TG activation in-
creased with increasing of TG con-
centration. Fermentation time of sam-
ples without TG activation decreasing
with increasing of TG concentration.
This could be due to negative influen-
ce of inactivated TG residues on star-
ter culture in samples with activated
TG. In samples without TG activation
enzyme is not inactivated and positi-
vely influences fermentation time. TG
activation temperature had signifycant
influence on fermentation time. These
results indicate that TG activa ted on
higher temperature change protein mi-
celles more intensively, which causes
the shorter fermentation time.
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Figure 6. VISCOSITY OF PROBIOTIC YOGHURT

Slika 6. VISKOZITET PROBIOTSKOG JOGURTA

Whey syneresis

The obtained values of whey sy-
neresis are shown in Figure 3. The
lowest syneresis values were achie-
ved in samples with TG activated at
25°C. Activation temperature of 40°C
gave higher whey syneresis in ana-
lyzed samples. Samples without TG
activation had the highest syneresis.
These results showed that addition of
TG without inactivation negatively in-
fluence samples syneresis.

Water holding capacity

Water holding capacity of samples
is shown in Figure 4. It is evident that
activation temperature had significant
influence on water holding capacity.

TG concentration applied had higher
influence on water holding capacity of
samples with TG activated at lower
temperature (25°C) than of samples
with TG activated at higher tempera-
ture (40°C). The obtained results im-
plicate stronger influence of activation
temperature than TG concentration.
Sample without TG addition had the
lowest water holding capacity which is
in accordance with the previous re-
sults Milanovi¢ et al., 2009.

Total acidity

Analysis of total acidity showed
that samples produced without TG
activation had lower total acidity than
samples produced with TG activation.
Temperature of TG activation did not
have significant influence on total

acidity. Samples produced without TG
had the highest total acidity.

Viscosity

TG concentration and activation
temperature showed significant influ-
ence on samples viscosity (Figure 6).
Samples produced with higher TG
concentration had higher viscosity and
their values linearly increased. Also
samples produced with TG activated
at higher temperature had higher vis-
cosity values than samples produced
with TG activated at lower tempera-
ture. Samples with TG activated at
40°C (2A40, 4A40 and 8A40) are
more viscous than samples produced
with TG activated at 25°C (2A25,
4A25 and 8A25). Samples produced
without TG activation had similar vis-
cosity with samples produced with TG
activated at 25°C. The smallest visco-
sity had sample produced without TG
(control sample).

CONCLUSION

The application of transglutami-
nase in the production of yoghurt with
0.1% fat, ("non fat yoghurt") allows to
obtain samples with significantly im-
proved physical characteristics and
viscosity compared to samples produ-
ced without the use of transglutami-
nase. Specifically, there were establi-
shed: significantly shorter process ti-
me, low syneresis, high water-holding
capacity. Samples produced with acti-
vated TG have better physical charac-
teristics and viscosity compared to
samples produced without TG activa-
tion. Interaction of factors activation
temperature and TG concentration in-
dicate that concentration of 0.04% of
TG gave the most stable results de-
pending on activation temperature.
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INFLUENCE OF KOMBUCHA INOCULUM
ON THE FATTY ACID COMPOSITION OF
FERMENTED MILK PRODUCTS

INTRODUCTION

The nutritional importance of milk
constituents places milk above other
nutritive substances, because it conta-
ins all of the main nutrient groups
(Lorand, 1913).

Milk fat is the most variable com-
ponent of the milk constituents (Kade-
gowda, 2008). It is also an important
dietary source of nutrients and ener-
gy, but during the past several deca-
des milk fat has been considered as a
risk factor for coronary heart diseases
(CHD) and reduction in fat intake has
been recommended. However, it has
been cleared that types of fat have a
more important role in determining
risk of CHD than total amount of fat in
the diet (Hu et al., 2001). Various fatty
acids have different effects on plasma
lipids: short and medium chain fatty
acids do not affect plasma lipopro-
teins, while consumption of saturated
fatty acids (SFA), specifically satura-
ted fats with 12-16 carbon atoms tend
to increase plasma total and low den-
sity lipoprotein (LDL) cholesterol le-
vels (He et al., 2007). The fatty acid
composition of milk fat typically com-
prises 70% saturated fatty acids, 25%
monounsaturated fatty acids, and 5%
polyunsaturated fatty acids. The car-
bon number of the fatty acids, their
degree of unsaturation, and their posi-
tional distribution within the triacylgly-
cerol molecules influence the nutria-
tional and physical properties and
consumer acceptance of foods conta-
inning milk fat (Bobe et al., 2007). Milk
is ideal for human nutrition because of
high content of short chain fatty acids
which can be more easily attacked by
the digestive enzymes. Although milk
fat contains a relatively small amount
of unsaturated fatty acids, it is an im-

portant source of essential fatty acids,
especially arachidonic acid (Salamon
et al., 2009). Additionally, milk fat is a
significant source of conjugated lino-
leic acids (CLA), which have recently
been recognised as a nutrient that
exerts important physiological effects
(Gulati et al., 2000).

Kombucha or the tea fungus is a
symbiotic culture of acetic acid bacte-
ria and fungi capable of producing a
refreshing beverage with many bene-
ficial effects on human health, by me-
ans of fermentation of sugared tea
(Dufresne and Farnworth, 2000).
Black and green tea are typical sub-
strates for kombucha cultivation, how-
ever, it can be cultivated on different
atypical nutrients such as coca-cola,
wine, vinegar, extract of Echinacea,
Mentha or molasses from sugar beat
processing (Malbasa et al., 2009).

Fermentation milk products con-
tain all important food ingredients in
such relation that a human body can
optimally use them and because of
that they belong to a group of very im-
portant food in human nutrition. They,
as well as milk, contain all the basic
ingredients needed for growth of a hu-
man body, for development, reproduc-
tion, maintenance and satisfying ener-
gy needs. During fermentation there is
a change of some constituent of milk
and with creating of new constituents,
fermented products get new features
compared to milk (Vitas et al., 2010).

Composition of dairy products ma-
nufactured by adding pure cultures is
determined to the greatest extent by
the composition of the raw milk, since
the cultures produce rather aroma
materials and they affect fatty acid
composition to a smaller extent. Kra-
vic et al. (2011) noted changes in
composition and contents of some
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fatty acid during fermentation of cow's
milk with kombucha starters cultivated
on differrent inoculums, but still small
number of researches exist about ino-
culum effect on the fatty acid compo-
sition of kombucha fermented milk
products. Therefore, the aim of this
study was to examine fatty acid com-
position of dairy product obtained by
addition of kombucha cultivated on
peppermint and stinging nettle tea to
cow’s milk at two different fermenta-
tion temperatures: 40°C and 43°C.

MATERIALS AND METHODS
Inoculum

Two different kombucha inocu-
lums were prepared. The first inocu-
lum was prepared with peppermint ex-
tract as follows: in 1 dm? of boiling tap
water 70 g sucrose and 2.25 g pep-
permint tea (tea in bulk purchased at
a local health food store) was added.
After boiling for 5 minutes, the tea was
cooled to room temperature, strained,
and then 100 cm?® inoculum from a
previous fermentation was added. The
glass jar was covered with fabric
bandwidth for air. Kombucha incuba-
tion was performed at room tempe-
rature for 7 days. The second inocu-
lum was prepared with stinging nettle
extract (tea in bulk purchased at a
local health food store) under the sa-
me conditions as the inoculum with
peppermint extract.

Production of fermented milk
products

Pasteurized and homogenized
milk with 1.6% milk fat, from the pro-
ducer “AD IMLEK” Belgrade, Depart-
ment “Novosadska milekara”, Novi
Sad, was used for the laboratory ma-
nufacture of fermented milk products
by adding 10% (v/v) kombucha ino-
culum. Kombucha was added in milk
at two different temperatures: 40°C
and 43°C, until a pH value of 4.5 was
reached. Obtained gels were cooled
to the temperature of 8°C and homo-
genized by mixing.

Lipid extraction

The extraction of fat was carried
out as described by Havemose et al.
(2004) with minor modifications. Fat
was extracted from kombucha milk
products (4 cmS) by adding methanol
(4 cm® and chloroform (4 cm®). The
mixture was shaken vigorously for 1
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min and then centrifuged for 10 min.
The lower phase containing the lipid
fraction was isolated and evaporated
to dryness under nitrogen.

Preparation of fatty acid methyl
esters

The methylation of fatty acid ex-
tracted from milk-based kombucha
products was carried out as described
by Kravi¢ et al. (2010) with minor mo-
difications. Previously extracted fats
were dissolved in 2.4 cm® of hexane.
An aliquot (0.6 cm® of 2 mol dm™
methanolic KOH solution was added.
The tube was capped and vigorously
shaken for 20 s and allowed to boil
one min in water bath at 70°C. After
20s of shaking 1.2 cm® of 1 mol dm™
HCI was added and gently stirred.
After phase separation the upper pha-
se containing the fatty acid methyl
esters was decanted and 2 ul was
used for further analysis.

7.00

6.50

6.00

pH

5.50

5.00

tion of individual fatty acid methyl es-
ters was based on relative retention
times of commercial standard FAME
Mix RM-6 (Supelco) and on depen-
dence of Kovats index of relative re-
tention times. Quantitative determina-
tion of separated fatty acid methyl es-
ters was done using method 100%.

RESULTS AND DISCUSSION

Changes of pH value during
fermentation of milk

Kombucha fermentation was mo-
nitored by measuring pH. Course of
fermentation of milk with 1.6% milk fat
in the production process of kombu-
cha fermented milk products is shown
in Figure 1. Samples were labelled as
following, milk fermented with kombu-
cha cultivated on peppermint tea: at a
temperature of 40°C - P40 and at a
temperature of 43°C - P43; milk fer-
mented with kombucha inoculum culti-

—A— P40

—— SN40

450 T T T T T T
0 1 2 3 4 5

T T T 1 * T 1

7 8 9 10 11 12 13

fermentation time (h)

Figure 1. FERMENTATION PATTERN OF KOMBUCHA FERMENTED MILK

PRODUCTS

Slikal. FERMENTACIONI DIJAGRAM PROIZVODNJE KOMBUHA

FERMENTISANIH PROIZVODA

Gas chromatography analysis

The analysis of fatty acid methyl
esters was performed on a Becker
409 gas chromatograph equipped
with a flame ionization detector (FID).
Chromatographic resolution was achi-
eved using a stainless steel column (3
m x 3 mm i.d.) packed with 10% SP-
2330 on 100/120 mesh Chromosorb
W AW (Supelco). The inlet temperatu-
re was 240°C, and the carrier gas was
nitrogen (99.9%) with constant flow
rate of 15 cm® min™. Injected sample
volumes were 2 ul. The analyses we-
re performed at isothermal run with
oven temperature of 180°C. Identifica-

vated on stinging nettle tea: at tem-
perature of 40°C — SN40 and at tem-
perature of 43°C — SN43. Fermen-
tation was stopped after reaching the
pH value of 4.5. Sample P43 achieved
the desired pH value for 10.10 hours,
sample P40 for 11.00 hours and sam-
ples SN40 and SN43 for 11.50 hours.

Fatty acid composition of
kombucha fermented milk products

The fatty acid composition of the
milk and resulted four kombucha milk
products are given in Table 1, as rela-
tive ratio of total fatty acid content.
The presented results represent the
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Table 1. FATTY ACID COMPOSITION OF MILK AND KOMBUCHA

FERMENTED MILK PRODUCTS

Tabela 1. SASTAV MASNIH KISELINA MLEKA | KOMBUHA FERMENTISANIH
MLECNIH PROIZVODA

Sample |  M1.6 SN40 SN43 | P40 P43
Fatty acid content (% of total fatty acid)

C4:.0 1.23+0.07 1.31+0.08 1.27+0.05 1.24+0.04 | 1.17+0.07
C6:0 0.82+0.04 | 0.84+0.05 0.77+0.06 0.69+0.04 | 0.73+0.06
C8:0 0.37+0.03 | 0.23+0.02 0.18+0.01 0.27+0.02 | 0.32+0.02
C10:0 2.82+0.07 | 2.34+0.06 2.24+0.07 6.28+0.08 | 2.54+0.05
C11:0 0.24+0.02 | 0.10+0.01 0.17+0.01 0.23+0.02 | 0.24+0.02
C12:0 3.50+0.10 | 3.40+0.11 3.51+0.12 3.25+0.11 | 3.64+0.09
C13:0 0.19+0.02 | 0.09+0.01 0.58+0.03 0.14+0.01 | 0.08+0.01
C14:0 12.04+0.41| 11.93+0.31 11.41+0.43 | 12.66+0.37 | 14.54+0.43
Cl4:1 2.81+0.11 2.7340.09 2.23+0.08 2.26+0.11 | 2.1340.12
C15:0 0.25+0.02 | 0.26+0.02 0.24+0.01 0.16+0.02 | 2.07+0.12
C16:0 32.36+0.43 | 32.87+0.62 | 31.23+0.82 | 32.21+0.71 | 34.50+0.52
Ci16:1 2.26+0.12 | 2.5040.16 2.08+0.11 2.14+0.11 | 2.23+0.12
C17:0 0.27+0.02 | 0.33+0.03 0.34+0.03 0.22+0.01 | 0.66+0.05
Ci7:1 0.34+0.03 | 0.34+0.03 0.80+0.06 0.29+0.02 | 0.37+0.03
C18:0 11.59+0.18 | 11.45+0.33 10.94+0.27 | 10.21+0.17 | 9.95+0.26
Ci18:1 25.9540.42 | 26.34+0.51 27.52+0.71 | 24.57+0.48 | 23.12+0.41
C18:2 2.79+0.07 | 2.93£0.11 4.25+0.14 3.19+0.09 | 1.56+0.07
SFA 65.68 65.13 62.86 67.55 70.42

MUFA 31.35 31.91 32.62 29.26 27.85

PUFA 2.79 2.93 4.25 3.19 1.56

UFA 34.14 34.83 36.87 32.45 29.40

Al 2.46 241 2.18 2.65 3.28

SFA — saturated fatty acids / zasiénene masne kiseline

MUFA — monounsaturated fatty acids / mononezasi¢ene masne kiseline
PUFA — polyunsaturated fatty acids / polinezasi¢ene masne kiseline
UFA — unsaturated fatty acid / nezasi¢ene masne kiseline

Al — atherogenic index / aterogeni indeks

mean * standard deviation of three
replications for each sample.

As can be seen from Table 1 pre-
dominant fatty acids in milk and kom-
bucha fermented milk products were
palmitic (C16:0), followed by oleic acid
(C18:1), myristic acid (C14:0) and
stearic acid (C18:0), which together
accounted for around 83% of total fat-
ty acids. Samples P40 and P43 sho-
wed a higher relative content of SFA
and a lower relative content of mono-
unsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA)
compared to control milk. The relative
content of SFA in samples SN40 and
SN43 was lower than in control milk,
while the relative content of MUFA in
the same samples slightly increased.
The relative content of PUFA was
near two-fold higher in sample SN43
compared to control milk and slightly
higher in sample SN40. Among inve-
stigated kombucha fermented milk
products, those fermented at tempera-
ture of 43°C with kombucha cultivated
on stinging nettle tea showed the
most desirable fatty acid composition
with the lowest SFA content and the

highest MUFA and PUFA contents
compared to control milk sample and
the other kombucha fermented milk
products.

OSFA

Saturated fatty acids with a chain
length of C12:0-C16:0 are atheroge-
nic, stearic acid is neutral, and oleic
and polyunsaturated fatty acids have
a lipid lowering effect (Kravi¢ et al.,
2011). The sum of lauric (C12:0), my-
ristic and palmitic acids was the hig-
hest in milk fermented with kombucha
cultivated on peppermint tea at tem-
perature of 43°C (52.68%), which was
higher than in control milk, while the
lowest atherogenic fatty acids content
was observed in sample SN43
(46.14%). In addition, sample SN43
showed the highest contents of oleic
and linoleic (C18:2c) acids. Amount of
stearic acid was ranged from 9.95% to
11.59%. Medium chain capric acid
(C10:0) was about two-fold higher in
sample P40 compared to milk and
other kombucha fermented milk pro-
ducts.

The atherogenic index is the sum
of concentrations of C12:0, C16:0,
and 4 x C14:0 divided by the concen-
tration of total unsaturated fatty acids
(Kravi¢ et al., 2011) and it was propo-
sed as a dietary risk indicator of lipids
for cardiovascular diseases. Accord-
ing to this equation, all unsaturated
fatty acids, regardless of their double-
bond number, position, or configure-
tion, are considered to be equally ef-
fective in decreasing the risk for athe-
rogenicity, primarily for lack of reliable
information to assign more suitable
coefficients to the individual acids.
The results of this investigation indi-
cate that milk fermented at tempera-
ture of 43°C with kombucha cultivated
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Figure 2. TOTAL CONTENT OF SATURATED, MONO AND
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on stinging nettle tea has the lowest
atherogenic index compared to all
examined samples.

In Figure 2 total contents of SFA,
MUFA and PUFA of control milk and
kombucha fermented milk products is
showed. It is evident that saturated
fatty acid content slightly increases
while polyunsaturated fatty acid con-
tent decreases with rising of fermen-
tation temperature in samples obtain-
ned by fermentation of milk with kom-
bucha inoculum prepared with pep-
permint extract. Otherwise, in samples
obtained by fermentation of milk with
kombucha inoculum prepared with
stinging nettle extract saturated fatty
acid content decreases while polyun-
saturated fatty acid content increases
with rising of fermentation tempera-
ture.

CONCLUSION

This study demonstrates that milk
fermented at a temperature of 43°C
with kombucha cultivated on stinging
nettle tea probably has a more health-
promoting fatty acid composition com-
pared to milk and milk fermented with
kombucha cultivated on peppermint
tea. This product showed lower con-
tent of saturated fatty acids and higher
content of unsaturated fatty acids

1ZvOD

compared to the same samples. It
also had lower atherogenic index.
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Mle¢ni napici proizvedeni fermentacijom kravljeg mleka pomoc¢u kombuhe Kkulti-
visane na ¢aju koprive i mente na dve razli¢ite temperature fermentacije su analizirani
u cilju ispitivanja uticaja inokuluma na sastav masnih kiselina. Analiza metil estara
masnih kiselina izvedena je primenom gasne hromatografije. Sadrzaj zasi¢enih, mono
i polinezasi¢enih masnih kiselina kretao se u opsegu 62,86-70,42; 27,85-32,62 i 1,56-
4,25%, redom. Medu svim ispitivanim uzorcima, mleko fermentisano na 43°C inokulu-
mom kombuhe kultivisane na ¢aju koprive, pokazalo je najpovoljniji masno-kiselinski
sastav sa najnizim sadrzajem zasi¢enih masnih kiselina i najvi§im sadrzajem mono i

polinezasi¢enih masnih kiselina.
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Cilj ovog rada je identifikacija i odre-
divanje sadrzaja masnih kiselina u mle¢-
nim proizvodima dobijenim inkubacijom na
razliCitim temperaturama, pomoc¢u kombu-
he kultivisane na rtanjskom ¢aju.

Masne kiseline su analizirane gasnom
hromatografijom sa plameno-jonizacionim
detektorom (GC-FID). Osim odredivanja
masnih kiselina, kvalitet dobijenih proizvo-
da je utvrden i standardnim metodama
analize hemijskog sastava u skladu sa
vazecéim Pravilnikom.

Uzorak proizveden na najviSoj prime-
njenoj temperaturi (43°C) dostigao je vred-
nost pH od 4,5 za 10h, dok je fermentacija
na temperaturama 37 i 40°C izvedena do
17h trajanja.

Najvisi sadrzaj nezasi¢enih masnih ki-
selina, kao i najnizi aterogeni indeks proiz-
voda dobijenog fermentacijom na 43°C
preporu€uju napitak kao najzdraviji za is-
hranu.
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proizvodi « kombuha ¢ rtanjski ¢aj « GC-FID
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MASNE KISELINE UMLECNIM
PROIZVODIMA DOBIJENIM POMOCU
KOMBUHE KULTIVISANE NA

RTANJSKOM CAJU

uUvoD

Kombuha je simbioza viSe vrsta
kvasaca i siréetnih bakterija, sposob-
na da metaboliSe na razli¢itim sup-
stratima. Kvasci iz Se¢era stvaraju al-
kohol, a bakterije taj alkohol Koriste
kao izvor energije i pretvaraju ga u sir-
¢etnu kiselinu. Pritom kvasci saharozu
pretvaraju u glukozu i fruktozu i time
omogucuju bakterijama da stvaraju
glukonsku kiselinu, koja Sstiti kvasce
od konkurentnih mikroorganizama.
Vrsta kvasaca koja ucestvuje u ovoj
simbiozi zavisi od geografskog pod-
ru€ja u kome se kombuha gaji. Kom-
buha je sposobna da iz malog broja
komponenata stvori veliki broj razlici-
tih nutritivnih i farmakolo$ki korisnih
supstanci. Kombuha stvara i celuloz-
nu biomasu kao proizvod sekundar-
nog metabolizma. Osim tradicionalnih
podloga za rast kombuhe, kao Sto su
zasladeni crni i zeleni ¢aj, ona fermen-
tiSe i na koka-koli, pivu, kafi, ekstraktu
topinambura, melasi, ekstraktima bilj-
nih ¢ajeva, a takode i na mleku. Fer-
mentacijom na mleku nastaje proiz-
vod, koji je prema svojim fizi¢ko-he-
mijskim i senzornim karakteristikama
najslicniji kefiru i jogurtu (Malba$a,
20009).

Rtanjski €aj (Satureja montana,
familija Lamiaceae) je endemicna bilj-
na vrsta i pokriva samo centralni deo
Balkanskog poluostrva (Dikli¢, 1974).
Rtanjski ¢aj je poznata lekovita biljka
Ciji ekstrakt pokazuje mnoga pozitivha
fizioloSka dejstva na ljudski organi-
zam. Rtanjski ¢aj se koristi u narodnoj
medicini za le€enje bolesti organa za
disanje, varenje i mokra¢nog sistema.
Za spoljasnju upotrebu se preporucuje
kod upala koze i sluzokoze. Po nekim
narodnim travarima ova bilka ima
svojstva opsteg tonika koji jata orga-
nizam, ali to nije dokazano klini¢kim
ispitivanjima. Uspe$no se koristi u le-

¢enju bronhitisa, astme, kaslja i upale
disajnih organa kod dece, kao i u le-
¢enju starih osoba. Veoma je efikasan
u le€enju dijabetesa, zato Sto gasi zed
i ublazava bolove u gastrointestinal-
nom sistemu (Cavar et al.,, 2008;
Grosso et al., 2009).

Mleko je nutritivno visoko vredna
namirnica, jer sadrzi gotovo sve ener-
getske, gradivne i zastithe materije, u
takvom kvantitativnom odnosu da ljud-
ski organizam moze optimalno da ih
iskoristi. Fermentisani mlecni pro-
izvodi predstavljaju prehrambenu na-
mirnicu bogatu hranjivim materijama u
odgovarajuc¢em odnosu i lako dostup-
nu za ljudski organizam. U svom sas-
tavu imaju sve komponente mleka,
koje mogu biti uveéane koncentrisa-
njem ili obogacene raznim dodacima.
Primenjeni fermentativni procesi me-
njaju sastav mleka. Mle€no-kiselinska
fermentacija utiCe na stvaranje mlec-
ne kiseline iz lakotoze, masnih kiseli-
na iz mle¢ne masti i aminokiselina iz
proteina (Milanovi¢, 1997).

Masna kiselina je karboksilna kise-
lina, €esto s dugim nerazgranatim lan-
cem. Masne kiseline mogu biti zasi-
¢ene ili nezasi¢ene. Velika veéina pri-
rodnih masnih kiselina ima paran broj
ugljenikovih atoma, zato $to u njihovoj
biosintezi ucestvuje acetil koenzim A,
koji nosi sa sobom dva atoma uglje-
nika. Zasicene masne kiseline ne sa-
drze dvostruke kovalentne veze ili
druge funkcionalne grupe u moleku-
larnom lancu. Zasi¢ene masne kise-
line formiraju ravne lance atoma, i kao
rezultat toga mogu se zgusnuto
skladistiti u organizmu, $to povecava
koli€¢inu energije po jedinici zapre-
mine. Masno tkivo Coveka i Zzivotinja
sadrzi velike koli¢ine dugolan¢anih za-
sicenih masnih kiselina. Nezasi¢ene
masne kiseline su kiseline sli€nog
oblika, osim $to postoji jedna ili vise
alkenskih funkcionalnih grupa unutar
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lanca gde svaki alken zamenjuje jed-
nostruku ugljenikovu vezu, -CH,-CHa-,
u delu lanca sa dvostrukom vezom,
-CH=CH-. Takve dvostruke veze mo-
gu biti formirane u cis ili trans konfi-
guraciji. Ove razlike u geometriji iz-
medu cis i trans oblika nezasi¢enih
masnih kiselina, te izmedu zasicenih i
nezasic¢enih masnih kiselina igraju vrlo
znacajnu ulogu u bioloSkim procesima
(u ljudskom organizmu) i u izgradniji
bioloskih struktura (u izgradniji celijske
membrane) (Marenjak et al., 2006).
Kao dijetetski pokazatelj rizika lipida
za kardiovaskularne bolesti predlozen
je aterogeni indeks (Al). Njegova niza
vrednost ukazuje na pozitivan efekat
na zdravlje ljudi (Kravic et al., 2011).
U ovom radu kombuha je kultivisana
prvo na ekstraktu rtanjskog ¢aja za-
sladenog sa 7% saharoze. Nakon to-
ga je mleko sa 1,6% mlecne masti in-
kubirano sa 10% (v/v) navedenog ino-
kuluma na temperaturama od 37, 40 i
43°C. Cilj ovog rada je identifikacija i
odredivanje sadrzaja masnih kiselina
u mle¢nim proizvodima dobijenim in-
kubacijom na razli¢itim temperatura-
ma, pomoc¢u kombuhe kultivisane na
rtanjskom ¢aju.

MATERIJAL | METODI

Inokulum

Inokulum za fermentaciju mleka je
dobijen kultivacijom kombuhe na rtanj-
skom ¢&aju, koji je pripremljen na sle-
deci nacin: u 1 L kljucale esmenske
vode dodato je 70 g saharoze i 1,5 g
rtanjskog Caja. Pripremljeni Caj je oh-
laden na sobnu temperaturu, proce-
den, a zatim je dodato 100 mL inoku-
luma iz prethodne fermentacije, od-
nosno 10% (v/v) fermentativne tec-
nosti kombuhe. Ca$a je prekrivena
tkaninom propusnom za vazduh. In-
kubacija kombuhe je izvedena na sob-
noj temperaturi, tokom 7 dana.

Proizvodnja mlecnih napitaka

Za proizvodnju mle¢nih napitaka u
laboratorijskim uslovima kori§éeno je
pasterizovano, homogenizovano mle-
ko sa 1,6% mle¢ne masti, proizvoda-
¢a ,AD IMLEK" Beograd, ogranak
,Novosadska mlekara“, Novi Sad.

U mleko sa 1,6% mleCne masti je
dodato 10% (v/v) inokuluma kom-
buhe. Fermentacija je izvedena na 37,
40 i 43°C do postizanja vrednosti pH
od 4,5 ili najduze do 17h trajanja. Gel
je zatim ohladen na temperaturu od
8°C i homogenizovan mes3alicom.
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Dobijeni su uzorci oznaceni sa R37,
R40 i R43, zavisno od €aja na kome
je izvedena fermentacija kombuhe i
temperature na kojoj je izvedena fer-
mentacija mleka.

Metode analize

Inokulumu kori§¢éenom za fermen-
taciju mleka su odredeni pH, suva
materija i pepeo, prema standardnim
metodama (Cari¢ et al., 2000).

Mleku, koje je koriS¢éeno za pro-
izvodnju mle¢nih napitaka i proizve-

Tabela 1. HEMIJSKI SASTAV MLEKA

sane na rtanjskom ¢aju i odmah je
usledila priprema uzorka za GC-FID,
tako da nije bilo fermentacije. Inoku-
lum je dodat mleku u koli€ini od 10%
(v/v), kao i pri proizvodnji mlecnih
napitaka. Dobijena slepa proba je oz-
nacena sa R*. Slepa proba je priprem-
liena radi poredenja sadrzaja masnih
kiselina pre i posle fermentacije i pro-
cene uticaja procesa fermentacije na
sastav i sadrzaj masnih kiselina dobi-
jenih proizvoda.

Proizvedeni uzorci su analizirani
nakon proizvodnje.

Table 1. CHEMICAL COMPOSITION OF MILK

parametar kvaliteta / quality parameter Mleko / Milk
pH / pH value 6,64
suva materija (%) / dry matter (%) 10,58
pepeo (%) / ash (%) 0,73
mlecna mast (%) / milk fat (%) 1,60
proteini (%) / proteins (%) 3,37
laktoza (%) / lactose (%) 4,03
kiselost ("SH) / acidity ("SH) 6,60

denim mle€nim napicima odredeni su
vrednost pH, kiselost, suva materija,
pepeo, mle€na mast, ukupni proteini i
laktoza, prema standardnim meto-
dama (Cari¢ et al., 2000).

Mle€¢nim napicima praceni su i
sinerezis surutke (Atamer et al., 1996)
i sposobnost vezivanja vode (Guz-
man-Gonzalez et al., 1999).

Sastav i sadrzaj masnih kiselina
mleka i proizvedenih mle¢nih napitaka
je odreden gasnom hromatografijom
sa plameno-jonizacionim detektorom
(eng. GC-FID). Uzorci za GC-FID su
pripremljeni u skladu sa prethodno
objavljenim eksperimentalnim rezulta-
tima (Kravi¢ i sar., 2011). Slepa proba

REZULTATI I DISKUSIJA
Analiza inokuluma

Inokulumu je odredena vrednost
pH od 4,37, dok je sadrzaj suve ma-
terije bio 6,94%, a pepela 0,01%.

Analiza mleka

Rezultati analize kvaliteta mleka
koriS¢enog u proizvodnji kombuha
mle€nih napitaka dati su u tabeli 1.

Na osnovu prikazanih rezultata
utvrdeno je da kvalitet mleka odgova-
ra vazec¢em Pravilniku o kvalitetu pro-

je dobijena na slededi nacin: u 20 mL izvoda od mleka i starter kultura
mleka sa 1,6% mle¢ne masti je do- (2010).
dato 2 mL inokuluma kombuhe kultivi-
7 -
6.5 4
A
6 - ——R37
5 —=—R40
5.5 A —a— R43
5 -
45 T T T T T T T T T T T T T T T T 1
01234567 89101112131415161718
vreme fermentacije/fe rmentation period (h)

Slika 1. TOK FERMENTACIJE MLEKA U UZORCIMA MLECNOG NAPITKA
Figure 1. FERMENTATION PROCESS OF KOMBUCHA MILK BEVERAGES
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Tabela 2. HEMIJSKI SASTAV | FIZICKO-HEMIJSKE KARAKTERISTIKE
KOMBUHA MLECNIH NAPITAKA

Table 2. CHEMICAL COMPOSITION AND PHYSICOCHEMICAL
CHARACTERISTICS OF KOMBUCHA MILK BEVERAGES

parametar kvaliteta / quality parameter R37 R40 R43
pH / pH value 5,04 4,79 4,50
suva materija (%) / dry matter (%) 10,04 9,92 10,23
pepeo (%) / ash (%) 0,67 0,67 0,66
mle€na mast (%) / milk fat (%) 1,54 1,54 1,54
proteini (%) / proteins (%) 2,73 2,33 3,31
laktoza (%) / lactose (%) 3,63 3,77 3,73
kiselost ("SH) / acidity ("SH) 23,20 22,80 29,80
SVV (%) / WHC (%) 15,50 20,40 29,35
sinerezis (mL) / syneresis (mL) <10 24,00 34,00

Promene vrednosti pH tokom
fermentacije mleka

Tok fermentacije mleka sa 1,6%
mle€ne masti u procesu proizvodnje
kombuha mle€nih napitaka prikazan je
na slici 1.

Fermentacija je zaustavljena na-
kon postizanja vrednosti pH od 4,5
(R43) i nakon 17h trajanja (R37 i
R40). Fermentacija je prekidana posle
17h trajanja, zbog tehno-ekonomske
neisplativosti. Vreme potrebno da se u
procesu proizvodnje uzorka R43 po-
stigne zeljena vrednost pH je 10 h.
Uzorci R37 i R40 su nakon 17h dos-
tigli vrednost pH od 4,97, odnosno
4,78, redom.

Znacajnija promena vrednosti pH
za uzorak R43 je zabelezena nakon
9h fermentacije.

Krive toka fermentacije ovog uzor-
ka imaju karakteristiCan sigmoidalan
oblik u skladu sa literaturnim poda-
cima (Malbasa et al., 2009).

Tok fermentacije uzoraka R37 i
R40 nije bio karakteristican za ovaj tip
proizvoda.

Analiza mle¢nih napitaka

U tabeli 2 prikazan je hemijski sas-
tav kombuha mlecnih napitaka nakon
proizvodnje.

Uzorci R37 i R40 nisu dostigli
vrednost pH od 4,5 karakteristicnu za
proizvodnju fermentisanih mleénih
proizvoda tipa jogurta i kefira. Vred-
nost pH, kiselost, sinerezis i sposob-
nost vezivanja vode uzoraka R37 i
R40 nisu u skladu sa vrednostima
karakteristicnim za jogurt i kefir. He-
mijski sastav i fizicko-hemijske karak-
teristike uzorka R43 su prema vaze-
¢em Pravilniku bile u skladu sa vred-
nostima karakteristicnim za jogurt i
kefir.

Sastav i sadrzaj pojedinih i ukup-
nih masnih kiselina mleka, slepe pro-
be i tri mle€na napitka dat je na sli-

kama 2i 3.

U najvec¢em procentu, u svim ispi-
tanim uzorcima, zastupljene su miris-

tinska i palmitinska masna kiselina, od
zasi¢enih kiselina, a od nezasi¢enih
kiselina oleinska kiselina.

Tokom fermentacije se znacajnije
povecéao sadrzaj kapronske, laurinske,
miristinske i miristoleinske kiseline.

U poredenju sa slepom probom,
sadrzaj zasi¢enih masnih kiselina je
porastao u mle¢nim proizvodima. Sa-
drzaj mononezasi¢enih, polinezasice-
nih i nezasi¢enih masnih kiselina je
veéi u slepoj probi nego u mle¢nim
proizvodima. Osim najboljih hemijskih
i fiziCko-hemijskih karakteristika proiz-
voda R43, naroCito je vazan sadrzaj
nezasi¢enih masnih kiselina, koji je u
tom proizvodu najveci. To je narocito
bitno zbog fizioloSkog delovanja ovih
jedinjenja za humani organizam.
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Slika 2.

MLECNIH PROIZVODA

SASTAV | SADRZAJ MASNIH KISELINA MLEKA, SLEPE PROBE |

Figure 2. COMPOSITION AND CONTENT OF FATTY ACIDS IN MILK, BLANK
SAMPLE AND KOMBUCHA MILK BEVERAGES

maseni procenat/mass percent
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I 0O zasi¢ene/saturated

O mononezasi¢ene/mono-
unsaturated

M polinezasi¢ene/poly-
unsaturated
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Slika 3. SADRZAJ UKUPNIH MASNIH KISELINA MLEKA, SLEPE PROBE |
MLECNIH PROIZVODA

Figure 3. CONTENT OF TOTAL FATTY ACIDS IN MILK, BLANK SAMPLE
AND KOMBUCHA MILK BEVERAGE

27



JASMINA S. VITAS et al. / Preh. ind. — Mleko i ml. proiz. 1 (2011) 25-28

ZAKLJUCAK

Primenom odgovaraju¢eg tehno-
loSkog procesa proizvedeni su mlecni
napici iz mleka sa 1,6% mle¢ne masti
sa dodatkom 10% inokuluma kom-
buhe kultivisane na rtanjskom ¢aju za-
sladenim saharozom.

Uzorak R43 dostize vrednost pH
od 4,5 za 10h, zbog Cega je njegova
proizvodnja ekonomski najisplativija.

Hemijski sastav i fizicko-hemijske
karakteristike uzorka R43 su bile u
skladu sa vaze¢im Pravilnikom i svrs-
tale ga u fermentisane mlec¢ne proiz-
vode.

Uzorak R43 se pokazao najboljim
zbog najveéeg sadrzaja nezasi¢enih
masnih kiselina.
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U radu je ispitan uticaj dodatka inulina
(0,5%, 1% i 1,5%) i termi¢kog tretmana
mlijeka (85°C/20" ili 95°C/10") na kiselost,
viskozitet, indukovanu sinerezu i senzor-
ska svojstva probioti¢kog jogurta tokom 21
dana skladisStenja. Za proizvodnju jogurta
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se povecava, a izdvajanje surutke smanju-
je. Razliiti termicki tretmani mlijeka nisu
bitnije uticali na fizickohemijska i senzor-
ska svojstva probiotiCkog jogutra tokom
skladistenja.
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FIZICKO-HEMIJSKA | SENZORSKA
SVOJSTVA PROBIOTICKOG JOGURTA
SA DODATKOM INULINA

uUvoD

Fermentisani mlije¢ni proizvodi da-
nas ¢ine najpopularniju grupu funk-
cionalne hrane. Njihova proizvodnja
zasniva se na kontrolisanom mlijec¢-
nokiselinskom vrenju laktoze u mlije¢-
nu Kiselinu, uz djelimi¢énu koagulaciju
proteina. Djelovanjem mikroflore do-
date tokom procesa proizvodnje, do-
lazi do promjene kiselosti jogurta, Sto
dalje dovodi do promjene viskoziteta i
strukture proizvoda, pa tako i sklonosti
sinerezi. S druge strane, kao poslje-
dica procesa mlije€nokiselinskog vre-
nja povecava se sadrzaj mlije€ne ki-
seline, galaktoze, kalcijuma, fosfora,
slobodnih aminokiselina i manjih pep-
tida, te masnih kiselina (Gurr, 2006).

Osim visoke nutritivne vrijednosti
sve se viSe vaznosti pridaje potencijal-
noj zdravstvenoj vrijednosti ovih proiz-
voda. Njihov pozitivan u€inak na poje-
dine tjelesne funkcije uklju€uje pobolj-
Sanje metabolizma laktoze (Miller i
sar., 2007), prevenciju i terapiju dijare-
je (Gill, 2003) i urogenitalnih infekcija
(Reid i sar., 2001), prevenciju bolesti
krvnih sudova (Liong i Shah, 2006), te
poboljSanje opsteg stanja organizma.
Zdravstvena svojstva fermentisanih
mlijeénih proizvoda, u odnosu na os-
tale mlijeCne proizvode, poboljSavaju
se koriStenjem probioti¢kih bakterija
(Fondén i sar., 2003; Saxelin i sar.,
2003). Poznato je da ove bakterije
imaju antikancerogeno dejstvo na ci-
jeli digestivni sistem, obnavljaju crijev-
nu mikrofloru, stimuliSu imunoloski
sistem, te imaju ulogu u prevenciji
gastritisa uzrokovanog bakterijom He-
licobacter pylori (Frece i sar., 2005).
Analize koje su vrsili Sazawal i sar.
(2006) pokazale su da probioticke
bakterije smanjuju incidenciju dijareje

nakon upotrebe antibiotika za ¢ak
52%. Od probiotickih bakterija najvise
se koriste Lactobacillus acidophilus i
Bifidobacterum spp.

Novi funkcionalni mlije¢ni proizvo-
di, Cija se svojstva temelje na njiho-
vom visokovrijednom nutritivnom sas-
tavu, razvili su se modifikacijom tra-
dicionalnih formulacija, eliminacijom ili
zamjenom odredenih ingredijenata
(mast, Secer) ili dodavanjem razlicitih
sastojaka kao $to su vitamini, dijetalna
vlakna, fitosteroli, itd. (Fogliano i Vita-
glione, 2005). Medu znacajne dodatke
svakako se ubraja i nesvarljivi ugljeni
hidrat inulin, jak bifidogeni prebiotik,
koji svoje dejstvo ostvaruje selektiv-
nim stimulisanjem rasta i aktivnosti
nepatogenih bakterija, uglavhom bi-
fidobakterija i laktobacila (Roberfroid i
Slavin, 2000), a potiskuje Stetne bak-
terije (clostridia) (Shanahan, 2000).
Prebioti¢ki efekat inulina zavisi od ve-
likog broja faktora i djelimi¢no od kom-
pozicije intestinalne flore u svakoj in-
dividui. Zbog individualnih razlika, op-
Sta odgovaraju¢a doza se ne moze
utvrditi (Roberfroid, 2005). Minimum
unosa od 5g u toku dana smatra se
dovoljnim da povec¢a udio bifidobak-
terija (Roberfroid i Slavin, 2000). Inulin
ima viSestruku namjenu pa se moze
koristiti kao niskoenergetski zasladi-
vac, a zbog svojih osobina da stabili-
zuje strukturu vodene faze, moze se
koristiti kao zamjena za mlije¢nu mast
dajuci &vrstoéu i u ustima puni okus
sli¢an mastima (Gueven i sar., 2005;
Stijepi¢, 2008, 2009).Pored toga, inu-
lin moze da utiCe na modifikovanje
teksturalna svojstva finalnog proizvo-
da (Tungland i Meyer, 2002).

Cilj rada je bio ispitati uticaj do-
datka inulina i termi¢kog tretmana mli-
jeka na kinetiku grusanja, te kiselost,
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viskozitet, indukovanu sinerezu i sen-
zorska svojstva probiotiCkog jogurta
tokom 21 dana skladistenja.

MATERIJAL | METODI

U istrazivanjima je koristeno ho-
mogenizovano i djelimi¢éno obrano
kravlje mlijeko standardizovano na
1,5% mlije€ne masti proizvodaca
“MILKO” d.d. Prijedor (BiH). Proizve-
deni su, u laboratorijskim uslovima,
Cvrsti probioticki jogurti sa razli¢itim
dodacima inulina (0,5%, 1%; 1,5%) i
kontrolni uzorak (K) bez dodatka.
Uzorci su tretirani na 85°C/20" ili
95°C/10', a koristeni inulin (Fibruline®
Instant Cosucra Groupe Warcoing
S.A., Belgium) dodavan je prije ter-
mi¢kog tretmana. Za inokulaciju mlije-
ka koriStena je odabrana probioticka
kultura VIVOLAC DriSet BIOFLORA
ABY 424: 70% Streptococcus thermo-
philus, 10% Lactobacillus bulgaricus,
10% Lactobacillus acidophilus, 10%
Bifidobacterium ssp. (Vivolac Culture
Corporation, USA). Fermentacija mli-
jeka je vodena, uz dodatak 0,0025%
inokuluma, na 37°C do postizanja pH
4,6. Svakih sat vremena utvrdene su
promjene pH vrijednosti. Nakon za-
vr§ene fermentacije, uzorci su hladeni

i ¢uvani u frizideru 21 dan na 5°C.
Analize su vrSene svakih sedam dana
skladistenja.

Titraciona kiselost odredena je
metodom po Soxshlet — Henkel-u (Ca-
ri¢ i sar., 2000), a pH vrijednost po-
tenciometrijski pomoc¢u pH-metra (pH
510/mV Meter, Eutech Instruments
Oakton, England). Promjene viskozi-
teta tokom skladiStenja su mjerene
pomocu viskozimetra BROOKFIELD
Digital Viscometer, DV-E (Brookfield
Engineering Laboratories, Inc., USA)
pri brzini rotacije spindla (d4) od 30
obrt/min. Vrijednosti su ocitavane sva-
kih 30s, a u radu su koriStene srednje
vrijednosti viskoziteta izmjerene u to-
ku 3 minute. Za odredivanje intenzi-
teta sinereze koriStena je centrifuga
SIGMA 2-6 Laboratory Centrifuges
(Osterode, Germany). Uzorci su cen-
trifugirani pri brzinama 1000, 2000 i
3000 o/min u trajanju od 10 min (mo-
difikovana metoda po Keogh i O’Ken-
nedy, 1998). Nakon toga odredena je
masa taloga preostalog nakon centri-
fugiranja, a na osnovu te vrijednosti
izraCunata je masa izdvojenog se-
ruma. Procenat izdvojenog seruma se
izraGunava po formuli:

% (w/w) = (mk - mmy/ my x100

gdje je:

Mk - masa kivete sa sadrzajem;

mr - masa taloga preostalog nakon
centrifugiranja

mwm - masa sadrzaja (jogurta) u kiveti.

Senzorska svojstva probiotiCkog
jogurta (ukus, konzistenciju, boju, mi-
ris i izgled povrsine) ocijenila je panel
grupa od pet &lanova koristeéi sistem
od 20 ponderisanih bodova (ISO,
1985).

Sve analize su ponovljene tri puta,
a rezultati su prikazani kao srednje
vrijednosti. Za statistiCku obradu i gra-
ficki prikaz rezultata koriSten je Mic-
rosoft®Excel 2003.

REZULTATI | DISKUSIJA
Fermentacija

Fermentaciju mlijeka pomocu spe-
cificnih mikroorganizama i razli€itih
dodataka prati tehnoloSka modifikacija
i Citav niz strukturnih promjena, &to
uzrokuje i promjenu sastava, ukusa,
izgleda, boje, mirisa i nutritivnih karak-
teristika mlijeka.

Rezultati promjena pH-vrijednosti
mlijeka termicki tretiranog na 85°C/20'
ili 95°C/10' prikazani su u Tabeli 1.

Tabela 1. UTICAJ DODATKA INULINA NA PROMJENU pH MLIJEKA TOKOM FERMENTACIJE U PROIZVODNUJI

PROBIOTICKOG JOGURTA

Table 1. THE INFLUENCE OF INULIN ADDITION IN pH VALUE CHANGE DURING MILK FERMENTATION IN
PROBIOTIC YOGHURT PRODUCTION

% IN Vrijeme fermentacije mlijeka (min) / Fermentation time (min)
TT™ IP 0 60 120 180 240 300 330 360 400
6,58 6,40 6,39 6,38 6,02 5,33 4,83 4,74 4,60
85°C/20° Sd 0,0000 | 0,0200 | 0,0153 | 0,0100 | 0,0100 | 0,0100 | 0,0252 | 0,0300 | 0,0058
< Cv 0,0000 | 0,3125 | 0,2392 | 0,1567 | 0,1567 | 0,1873 | 0,5214 | 0,6329 | 0,1249
6,58 6,43 6,33 6,16 5,96 5,23 4,87 4,77 4,62
95°C/10’ Sd 0,0000 | 0,0153 | 0,0252 | 0,0153 | 0,0252 | 0,0252 | 0,0208 | 4,7600 | 0,0153
Cv 0,0000 | 0,2377 | 0,3978 | 0,1567 | 0,1661 | 0,1873 | 0,5214 | 0,0265 | 0,3309
6,58 6,39 6,31 6,03 5,06 4,72 4,64 4,60
> 85°C/20° Sd 0,0000 | 0,0115 | 0,0252 | 0,1528 | 0,1528 | 0,0153 | 0,0306 | 0,0153
O§ Cv 0,0000 | 0,1806 | 0,3986 | 0,9569 | 0,9569 | 0,3234 | 0,6575 | 0,3323
n 6,58 6,41 6,31 6,18 5,75 5,27 4,95 4,84 4,54
e 95°C/10° Sd 0,0000 | 0,0208 | 0,0153 | 0,0153 | 0,0306 | 0,0252 | 0,0306 | 4,8467 | 0,0252
Cv 0,0000 | 0,3244 | 0,2426 | 0,9569 | 0,1972 | 0,3234 | 0,6575 | 0,0208 | 0,5539
6,58 6,34 6,28 5,82 4,99 4,69 4,57
85°C/20° Sd 0,0000 | 0,0306 | 0,0208 | 0,0200 | 0,0200 | 0,0252 | 0,0361
z Cv 0,0000 | 0,4816 | 0,3311 | 0,3436 | 0,3436 | 0,5370 | 0,7907
§ 6,58 6,40 6,21 5,28 5,10 4,79 4,69 4,59
95°C/10’ Sd 0,0000 | 0,0252 | 0,0208 | 0,0252 | 0,1050 | 0,0208 | 0,0265 | 4,5933
Cv 0,0000 | 0,3918 | 0,3311 | 0,3436 | 0,1156 | 0,5370 | 0,7907 | 0,0252
6,58 6,34 6,25 5,75 4,97 4,73 4,61
> 85°C/20° Sd 0,0000 | 0,0252 | 0,0265 | 0,0153 | 0,0153 | 0,0300 | 0,0265
§ Cv 0,0000 | 0,3965 | 0,4226 | 0,2655 | 0,2655 | 0,6342 | 0,5727
To) 6,58 6,40 6,23 5,33 511 4,75 4,68 4,59
= 95°C/10° Sd 0,0000 0,0100 | 0,0300 0,0252 0,0794 0,0252 0,0306 | 4,5933
Cv 0,0000 0,1563 0,4815 0,2655 0,4024 0,6342 0,5727 0,0252
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U zavisnosti od koli¢ine dodatog
inulina (IN) i termickog tretmana milije-
ka (TTM), tok i vrijeme fermentacije je
bilo razli¢ito. Period prilagodavanja
probioti¢ke kulture kod svih ispitivanih
uzoraka trajao je oko tri sata, nakon
Cega je kod uzoraka sa dodatkom
inulina dosta naglo krenula fermen-
tacija. Najbrze su fermentisali uzorci
sal%i1,5% IN (5,5 sati), proizvedeni
od TTM na 85°C/20', dok je uzorak sa
0,5% IN fermentisao za 6 sati. Evi-
dentna je razlika u toku i trajanju fer-
mentacije izmedu ovih uzoraka i K
uzorka, koji je fermentisao za 7 sati.
Sliéne rezultate su imali uzorci Cije je
ishodno mlijeko termicki tretirano na
95°C/10": dodatak 1% i 1,5% IN znat-
no je ubrzao tok i vrijeme fermentacije
(6 sati), u odnosu na K i uzorak sa
0,5% IN (7 sati).

pH i titraciona kiselost

Rezultati promjena pH vrijednosti i
titracione kiselosti probioti¢kog jogurta
tokom 21 dana skladistenja prikazani
su na Slici 1. Tokom skladiStenja usta-
novljene su razli€ite promjene pH vri-
jednosti probioti¢kog jogurta.

Uzorci proizvedeni od mlijeka pas-
terizovanog na 85°C/20" (ili 95°C/10")
imali su od 1. do 21. dana skladistenja
srednje vrijednosti pada pH: kod K
uzorka za 0,31 (ili 0,34) pH jedinica,
kod uzorka sa 0,5% IN za 0,21 (ili
0,30) pH jedinica, kod uzorka sa 1%
za 0,26 (ili 0,17) pH jedinica i za
uzorak sa 1,5% IN za 0,12 (ili 0,19)
pH jedinica. Najniza srednja vrijednost
pH nakon 21 dana Cuvanja, kod uzo-
raka proizvedenih od termicki treti-
ranih mlijeka na 85°C/20', zabiljezena
je kod uzorka sa 1,5% IN (4,12), kod
uzorka sa 1% IN (4,23), zatim kod
uzorka sa 0,5% IN (4,24), dok je pH
vrijednost kod kontrolnog uzorka bila
najviSa (4,39). Vrijednosti nakon 21
dana skladiStenja, za uzorke proizve-
dene od termicki tretiranih mlijeka na
95°C/10', kretale su se: za K uzorak
(4,2), za uzorak sa 0,5% IN (4,21), za
uzorak sa 1% IN (4,18) i za uzorak sa
1,5% IN (4,16).

U procesu kiseljenja postoji odgo-
varajuci odnos izmedu titracione kise-
losti i pH, jer produkti fermentacije,
prije svega mlijeCna kiselina, uslov-
ljavaju pad pH vrijednosti i porast ste-
pena kiselosti (KrSev, 1989; StijepicC i
sar. 2008).

Rezultati ovih ispitivanja, takode,
pokazuju odgovarajuéu korelaciju iz-
medu ova dva parametra. NajviSe
srednje vrijednosti titracione kiselosti

(TTM 85°C/20" ili 95°C/10") nakon 21
dana ¢uvanja imali su uzorci kojima je
dodato 1,5% IN (36,9°SH ili 35,3 °SH)
i 1% IN (35,8°SH ili 34,9 °SH). Uzorak
sa 0,5% IN imao je neSto nizu vrijed-
nost (35,0°SH ili 34,4 °SH), a najnizu
K uzorak (32,25°SH ili 33,7 °SH).

—_— K EEERS 0,5%IN =3 1%IN =3 1,5%IN
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voda. Ukoliko rezultate viskoziteta, u
periodu skladiStenja posmatramo je-
dinstveno kao cjelinu, uoavamo da je
vec¢i pad viskoziteta tokom prvih 7
dana skladistenja, dok u kasnijem pe-
riodu dolazi do stabilizacije strukture
gela i do blazeg opadanja viskoziteta
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PROMJENA pH VRIJEDNOSTI | TITRACIONE KISELOSTI JOGURTA

SA DODATKOM | BEZ DODATKA INULINA TOKOM 21 DANA
SKLADISTENJA: A) TT 85°C/20', B) TT 95°C/10

Figure 1. THE CHANGE OF pH AND TITRATABLE ACIDITY OF YOGHURT
WITH INULIN ADDITION AND WITHOUT ANY ADDITION DURING 21

DAYS OF STORAGE
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VRIJEDNOSTI VISKOZITETA CVRSTOG PROBIOTICKOG

JOGURTA U ZAVISNOSTI OD PROCENTA DODATOG INU-
LINA - IN (0,5%, 1% | 1,5%) | PRIMIJENJENOG TERMICKOG
TRETMANA MLIJEKA: 85°C/20' (A) ILI 95°C/10' (B) TOKOM 21
DANA SKLADISTENJA NA 5°C

Figure 2. VISCOSITY OF PROBIOTIC SET YOGHURT DEPENDING ON
PERCENTAGE OF ADDED INULIN-IN (0,5%,1% AND 1,5%) AND
APPLIED MILK HEAT TREATMENTS: 85°C/20' (A) OR 95°C/10' (B)
DURING 21 DAYS OF STORAGE AT 5°C

Viskozitet

Promjene srednjih vrijednosti vis-
koziteta jogurta tokom 21 dana skla-
disStenja, mjerene u periodu od 3 mi-
nuta, date su na Slici 2.

Pad viskoziteta uoCava se kod
svih uzoraka jogurta u toku skladiste-
nja. To se objasnjava ,starenjem® ki-
selog kazeinskog gela. Naime, u gelu
dolazi do djelimi¢nog kidanja protein-
ske mreze i ispustanja male koli¢ine
surutke, Sto za posljedicu ima smanje-
nje viskoziteta tokom Cuvanja proiz-

jogurta do zadnjeg dana cuvanja.
Generalno, najviSe vrijednosti viskozi-
teta pokazao je uzorak sa dodatkom
1% inulina, bez obzira na termicki tret-
man mlijeka.

Sinereza

Sinereza je pokazatelj smanjene
stabilnosti teksture fermentisanih mli-
je€nih proizvoda. Promjene intenziteta
sinereze u ovim ispitivanjima vrSene
su pri 1000, 2000 i 3000 o/min u roku
od 10 minuta (Tabela 2). Sinereza je
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Tabela 2. PROCENAT IZDVOJENE SURUTKE U 100g UZORKA PROVBIOTICKOG JOGURTA PRI RAZLICITIM
BRZINAMA CENTRIFUGIRANJA (O/MIN) TOKOM SKLADISTENJA U ZAVISNOSTI OD DODATKA INULINA |
TERMICKOG TRETMANA MLIJEKA

Table 2. THE PROCENT OF SEPARATED SERUM (%) FROM 100g PROBIOTIC YOGHURT AT DIFFERENT
CENTRIFUGATION RATE (O/MIN) DEPENDING ON PERCENTAGE OF ADDED INULIN AND APPLIED MILK
HEAT TREATMENTS DURING STORAGE

Dani skladi-stenja / Storage "IN 5 Brzina centrlfug|ranja2/0%((a)ntr|fugatlon rate (o/min) <555
days 85°C/20° 95°C/10' 85°C/20' 95°C/10' 85°C/200 | 95°C/10
0,0 1,90+0,06 1,20+0,09 13,57+0,96 11,7040,72 23,7044,31 23,1044,90
1 0,5 0,00+0,00 0,00+0,00 11,60+0,67 10,47+0,57 19,1343,29 20,00+3,01
1,0 0,00+0,00 0,00+0,00 10,63+0,77 8,90+0,34 14,20+3,98 18,77+3,50
1,5 0,00+0,00 0,00+0,00 10,2340,39 8,40+0,44 15,07+2,99 16,53+3,08
0,0 2,14+0,07 1,80+0,01 15,30+0,98 11,80+0,87 25,6344,61 23,50+3,98
7 0,5 0,00+0,00 0,00+0,00 14,70+0,56 9,73+0,32 23,20+4,02 21,2043,13
1,0 0,00+0,00 0,00+0,00 11,47+0,34 8,93+0,65 21,43+4,00 18,20+3,69
15 0,00+0,00 0,00+0,00 10,83+0,33 8,53+0,55 20,09+2,98 17,30£3,33
0,0 2,31+0,05 3,0040,06 16,27+1,01 10,5740,89 27,57+3,91 24,0314,21
14 0,5 2,00+0,01 2,20+0,05 13,83+0,86 10,17+0,49 24,40+£2,95 22,50+4,01
1,0 1,86+0,08 1,80+0,01 11,2040,61 9,27+0,55 23,60+3,62 18,7343,21
15 1,33+0,10 1,50+0,01 10,03+0,68 8,30+0,50 23,13+£3,48 18,53+3,87
0,0 3,460,12 3,20+0,09 17,00+1,03 11,22+0,91 29,00+4,33 25,32+4,06
21 0,5 2,26+0,07 2,50+0,02 14,00+0,64 10,67+0,81 26,20+3,86 23,60+3,87
1,0 2,00£0,02 2,20+0,01 12,00+0,51 9,50+0,61 24,00£3,61 20,20+3,91
1,5 1,70+0,03 1,90+0,01 12,20+0,68 8,78+0,72 24,10+3,21 20,02+3,85

izraZzena procentom izdvojene surutke
(w/w) nakon centrifugiranja uzoraka.

Na osnovu dobijenih rezultata mo-
Ze se uoditi da sa povecanjem inten-
ziteta centrifugiranja raste izdvajanje
surutke, bez obzira na dodatak inu-
lina. Tako, pri brzini centrifugiranja od
1000 o/min nije doslo do bitnijih prom-
jena u strukturi gela i procenat izdvo-
jene surutke je vrlo mali. Sa pove-
¢anjem brzine centrifugiranja na 2000
o/min, uocava se da dolazi do odre-
denog otpustanja surutke tokom skla-
diStenja kod svih uzoraka. Od 1. do
21. dana skladistenja (TTM 85°C/20")
sinereza je bila najizrazenija kod K
uzoraka od 13,57% + 0,96 do 17,00%
+ 1,03, dok kod uzorka sa 0,5% IN se
kretala od 11,60% * 0,67 do 14,00% *
0,64, kod uzorka sa 1% IN od 10,63%
+ 0,77 do12,00% = 0,51 i kod uzorka
sa 1,5% IN od 10,23% + 0,39 do
12,20% + 0,68. Uzorci proizvedeni od
TTM 95°C/10' pokazali su se stabilni-
jim, sa manje izrazenom sinerezom:
za K uzorak od 11,70% = 0,72 do
11,22% + 0,91, za uzorak sa 0,5% IN
od 10,47% + 0,57 do 10,67% * 0,81,
za uzorak sa 1% IN od 8,90% + 0,34
do 9,50 £ 0,61 i za uzorak sa 1,5% IN
od 8,40% + 0,44 do 8,78% + 0,72.

Pri brzini centrifugiranja na 3000
o/min pruzaju se najbolji uslovi za pro-
cjenu karaktera gela. Pri ovoj brzini
postize se bolje pakovanje gela, for-
mira se kompaktniji talog i vece istiski-
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vanje surutke. Od 1. do 21. dana skla-
distenja nije doslo do bitnijeg poveca-
nja sinereze (TTM 85°C/20'). Rezultati
za kontrolni uzorak (K) su se kretali od
23,70% * 4,31 do 29,00% + 4,33 iz-
dvojene surutke, za uzorak sa 0,5%
IN je od 19,13% +* 3,29 do 26,20% =+
3,86, za wuzorak sa 1,0% IN od
14,20% + 3,98 do 24,00% + 3,61 i za
uzorak sa 1,5% IN od 15,07% * 2,99
do 24,10% * 3,21 istisnute surutke.
Pri ostrijem termi¢kom tretmanu mlije-
ka (95°C/10") sinereza je, tokom skla-
diStenja, bila slabijeg intenziteta u od-
nosu na blazi TTM. Rezultati za kon-
trolni uzorak (K) su se kretali od
23,10% * 4,90 do 25,32% + 4,06 iz-
dvojene surutke, za uzorak sa 0,5%
IN je od 20,00% * 3,01 do 23,60% +
3,87, za uzorak sa 1,0% IN od
18,77% + 3,50 do 20,20% + 3,91 i za
uzorak sa 1,5% IN od 16,53% * 3,08
do 20,02% + 3,85 istisnute surutke.

Dobijeni rezultati pokazuju da se
sa povecanim sadrzajem inulina inten-
zitet sinereze smanjuje, Sto je u skla-
du sa istrazivanjima BoZzani¢ i sar.
(2002).

Senzorska analiza

ProbiotiCki jogurti podvrgnuti su
senzorskoj ocjeni petoClane grupe
analiticara. Utvrdene su neznatne raz-
like u parametrima senzorskog ocje-
njivanja uzoraka proizvedenih od mli-

jeka tretiranih na 85°C/20' ili 95°C/10,
dok je razli¢it dodatak IN imao izvjes-
nog uticaja tokom skladistenja (Tabela
3). Uzorci su prvo ocijenjeni vizuelno
(izgled, boja), zatim su ocijenjeni miris
i konzistencija i na kraju ukus.

S obzirom da je za analizirane
uzorke koristeno djelimi¢éno obrano
mlijeko, dodatak inulina je dijelom po-
sluzio kao supstitucija za mlije€nu
mast, stvarajuéi kremastu teksturu
(konzistenciju)  proizvoda izvrsnih
ukusnih svojstava, $to je i ocijenjeno
visokim ocjenama, a $to je u skladu i
sa nekim ranijim istrazivanjima (El-Na-
gar i sar., 2002; Gueven i sar., 2005;
Stijepi¢ i sar.,2008). U toku cjelokup-
nog vremena skladistenja najprijatniju
aromu, umjereno kiselkastu i osvje-
Zavaju¢u sa kremastom konzistenci-
jom i sa homogenim, sjajnim i glatkim
gelom imali su uzorci sa dodatkom
1% IN (pri oba TTM) i sa maksimalnih
20 ponderisanih bodova (PB). Dvade-
set prvog dana skladidtenja neznatno
nize su ocijenjeni uzorci sa 1,5% IN
(19,7 i 19,6 PB) zbog nesto loSijeg
ukusa proizvoda (brasSnast ukus) i
uzorci sa 0,5% IN (19,4 PB) na racun
slabije konzistencije. Kontrolni uzorci
su najnize ocijenjeni sa 18,3 i 18,2 PB
(TTM 85 C i 95C), $to je posljedica
loSije ocjene za konzistenciju i ukus.
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Tabela 3. SENZORSKA PROCJENA JOGURTA BEZ DODATKA | SA DODATKOM INULINA — IN (0,5%,1% | 1,5%)
TOKOM 21 DANA SKLADISTENJA NA 5°C

Table 3. SENSORY EVALUATION OF YOGHURT WITH AND WITHOUT INULIN ADDITION - IN (0.5%,1% AND

1.5%) DURING 21 DAYS OF STORAGE AT 5°C

Dani skladist. Osobine/ *TTM: 85°C/20' *TTM: 95°C/10'
Storage days Characteristics

K 0,5% 1,0% 1,5% K 0,5% 1,0% 1,5%

izgled/appearance 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

2 boja/colour 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
ﬁ: miris/odour 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0
t\% konzistencija/ consistency 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0
3 ukus/flavour 12,0 12,0 12,0 12,0 12,0 12,0 12,0 12,0
b2 20,0 20,0 20,0 20,0 20,0 20,0 20,0 20,0
izgled/appearance 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

E boja/colour 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
EZ miris/odour 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0
S konzistencija/ consistency 34 35 4,0 4,0 35 3,4 4,0 4,0

©

~ ukus/flavour 11,2 12,0 12,0 12,0 11,2 12,0 12,0 12,0
b2 18,6 19,5 20,0 20,0 18,7 19,4 20,0 20,0
izgled/appearance 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

3 boja/colour 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
N 5 miris/odour 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0
= konzistencija/ consistency 3,4 3,4 4,0 4,0 3,5 3,5 4,0 4,0

©

s ukus/flavour 11,0 12,0 12,0 11,8 11,0 12,0 12,0 11,8
b2 18,4 19,4 20,0 19,8 18,5 19,5 20,0 19,8
izgled/appearance 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

-§ boja/colour 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

v bt miris/odour 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0
f\% konzistencija/ consistency 3,3 3,4 4,0 4,0 3,3 34 4,0 4,0
g ukus/flavour 11,0 12,0 12,0 11,7 10,9 12,0 12,0 11,6
z 18,3 19,4 20,0 19,7 18,2 19,4 20,0 19,6

*TTM- termicki tretman mlijeka / *TTM- milk heat treatments
ZAKLJUCAK LITERATURA Gill, H. (2003): Dairy products and the immune

Kod oba termicka tretmana mlijeka
(85°C/20' ili 95°C/10") ustanovljeno je
povoljno djelovanje dodatka inulina na
ubrzanje fermentacije ispitivanih uzo-
raka, Sto je izrazeno preko pH-vrijed-
nosti. Tokom skladiStenja nije bilo
znacajne razlike u promjeni kiselosti
izmedu svih ispitivanih uzoraka. Do-
datak inulina uticao je na poboljSanje
fiziCkih osobina probiotiCkog jogurta,
smanjenje sinereze i rast viskoziteta.
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PHYSICOCHEMICAL AND SENSORY PROPERTIES OF PROBIOTIC

YOGHURT WITH INULIN ADDITION

'Milka J. Stijepi¢, *Jovana R. Gluac, “Dragica M. Burdevi¢ Milogevié

! Higher Medical School Prijedor, Republic of Srpska, Bosnia and Herzegovina
2 Higher Technology School of Professional Study, Sabac, Serbia

The aim of this study was to examine the influence of inulin addition (0.5%, 1% i
1.5%) and milk heat treatment on acidity, viscosity, induced syneresis and sensory
properties of probiotic yoghurt during 21 days of storage. Yoghurt was manufactured
from raw homogenised low fat milk (1.5%). The fermentation started after addition
0.0025% of probiotic starter: Streptococcus thermophilus, Lactobacillus delbrueckii
subsp. bulgaricus, Lactobacillus acidophilus i Bifidobacterium ssp. to milk at 37°C.
After milk fermentation at pH 4.6, probiotic yoghurt samples were cooled and stored at
5°C. During 21 day of storage the change of pH, titratable acidity, viscosity, syneresis
and sensory properties were observed. On the basis of the obtained results it can be
concluded that yoghurt samples with inulin addition had shorter fermentation time,
creamy texture, higher viscosity and lower syneresis. Different milk heat treatments
had no significant influence on physicochemical properties of probiotic yoghurt during
storage.
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mene koncentrata proteina surutke u proiz-
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mleka sa dodatkom 1% KPS. Najvec¢u spo-
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perioda skladiStenja imali su uzorci C, dok
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UTICAJ KONCENTRATA PROTEINA
SURUTKE NA KARAKTERISTIKE
CVRSTOG JOGURTA OD KOZJEG MLEKA
TOKOM SKLADISTENJA

uUvoD

Zbog vece nutritivne vrednosti i te-
rapeutskih svojstava potroSnja kozjeg
mleka i proizvoda od kozjeg mleka
poslednjih godina raste. U poredenju
sa kravljim, kozje mleko ima poveca-
nu svarljivost i smanjena alergenska
svojstva (Park i Guo, 2006). Specifi-
¢an miris i ukus kozjeg mleka koji je
mnogim potroSaCima neprihvatljiv,
moze se umanijiti fermentacijom mleka
pod dejstvom bakterija mle¢ne kiseli-
ne. Jogurt je jedan od najpopularnijih
fermentisanih mle¢nih proizvoda ¢iji
su osnovni parametri kvaliteta ukus i
konzistencija. Konzistencija jogurta u
velikoj meri zavisi od strukture protein-
ske mreze koja nastaje fermentacijom
mleka dodatkom Lactobacillus delbru-
eckii ssp. bulgaricus i Streptococcus
thermophilus.

Osnovni hemijski sastav kozjeg
mleka je slican kravljem i zavisi od ge-
notipa koza, ishrane, redosleda i sta-
dijuma laktacije (Bozanic¢ i sar., 2002).
Prose¢no, kozje mleko sadrzi 3.8%
mle¢ne masti, 3.5% proteina, 4.1%
laktoze i 0.8% mineralnih materija
(Park, 2006).

Jedna od znacajnijih razlika izme-
du kozjeg i kravljeg mleka odnosi se
na strukturu i sastav mle¢ne masti. Di-
jametar masnih Cestica kozjeg mleka
je manji u odnosu na masne globule
kravljeg mleka i kre¢e se u intervalu
0,73-8,58 ym, a prema Slaanac i sar.
(2010) oko 65% masnih Cestica
kozjeg mleka je pre€nika manjeg od
3,0 um. Takve manje masne kapljice
su bolje rasporedene §to omogucava
bolju homogenost i svarljivost kozjeg
mleka u odnosu na kravlje. Takode,
lipidna komponenta kozjeg mleka se
razlikuje u koli¢ini masnih kiselina
kratkih i srednjih lanaca. Kapronska,
kaprilna i kaprinska kiselina (Cs, Cs,
Ci0) Cine oko 20% masnih kiselina
kozjeg mleka za razliku od svega 6%

u kravliem mleku (Bozani¢ i sar.,
2002). PoviSeni sadrzaj ove tri masne
kiseline uzrok je izrazenijeg ukusa i
mirisa kozjeg mleka u odnosu na
kravlje mleko (Park, 2006; Raynal-Lju-
tovac i sar., 2008; Slacanac i sar.,
2010).

Kao i kod kravljeg mleka, kazein
kozjeg mleka sadrzi iste proteinske
frakcije: as1-CN, as2-CN, B-CN i k-CN.
Medutim, kozje mleko pokazuje zna-
¢ajne varijacije u sadrzaju as;-CN od
2,7 g/lL do svega 0,12 g/L (Park,
2006), dok je najzastupljenija kazein-
ska frakcija B-CN  (Jandal, 1996;
Park, 2006; Raynal-Ljutovac i sar.,
2008). Takode, kozje mleko karak-
teriSe veci sadrzaj proteina surutke i
neproteinskog azota u odnosu na
kravlje mleko (Antunac i sar., 2000;
Pesi¢, 2011; Sari¢ i sar., 2005). Zbog
veceg udela proteina surutke puferni
kapacitet kozjeg mleka je viSi u odno-
su na kravlje mleko, Sto uslovljava
sporiji pad pH vrednosti tokom fer-
mentacije (Bozanic i sar., 2002). Ta-
kode, manji udeo kazeinskog azota
uti¢e na loSiju strukturu fermentisanih
napitaka od kozjeg mleka pa se fer-
mentacijom kozjeg mleka stvara polu-
te€ni koagulum, Sto otezava proizvod-
nju &vrstog jogurta od kozjeg mleka
(Herrero i Requena, 2006; Park i Guo,
2006). Da bi se dobila zadovoljava-
ju¢a konzistencija ¢vrstog jogurta od
kozjeg mleka, neophodno je poveéati
sadrzaj suve materije bez masti. Sadr-
Zaj proteina, termicki tretman, prisust-
vo mle¢ne masti, stabilizatori i egzo-
polisaharidi su faktori koji utiCu na
strukturu proteinskog matriksa jogurta.
U cilju poboljSanja reoloskih karakte-
ristika ¢vrstog jogurta od kozjeg mleka
vr§i se koncentrisanje mleka mem-
branskim procesima, dodavanje Zela-
tina ili pektina, obranog mleka u pra-
hu, koncentrata proteina surutke i dr.
(Lucey, 2004; Martin-Diana i sar.,
2003; Tamime i Robinson, 2000).
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Proteini surutke i proizvodi tipa
koncentrata i izolata proteina surutke
odlikuju se visokom sposobnos$cu Ze-
liranja i vezivanja vode, emulgovanja,
obrazovanja i stabilizacije pene, i na
ovim osobinama se zashiva njihova
primena u industriji mleka (Jovanovic¢ i
sar., 2007). Koncentrati proteina su-
rutke (KPS) dodaju se mleku pri pro-
izvodniji jogurta kako bi se smanijio si-
nerezis i poveéao viskozitet jogurta
(Lucey i sar., 1999; Macej i sar., 2007,
Tratnik, 1998). Nativni proteini surutke
imaju malo uticaja na konzistenciju,
medutim, denaturacija proteina surut-
ke (prisutnih u mleku i dodatih u obliku
KPS) tokom termic¢kog tretmana mle-
ka dovodi do porasta viskoziteta. Pre-
ma Lucey i sar. (1997) denaturisani
proteini surutke u termicki tretiranom
mleku su podlozni agregaciji tokom
acidifikacije, s obzirom da se pH vred-
nost tokom fermentacije mleka pribli-
Zava izoelektricnoj tacki proteina su-
rutke.

Cilj ovog istrazivanja je da se is-
pita uticaj dodatka koncentrata pro-
teina surutke na fiziCko-hemijske ka-
rakteristike ¢vrstog jogurta od kozjeg
mleka u toku skladistenja.

MATERIJAL | METODI

U istrazivanju je koriS¢eno kozje
mleko sa farme ,Beocapra“, Kukujev-
ci. Sirovo kozje mleko je termicki tre-
tirano na 92°C/10 min. Fermentacija
je vrSena na 43°C koriS¢enjem starter
kulture FD-DVS YFL812 Yo-Flex Chr.
Hansen, Danmark. Nakon postizanja
pH vrednosti 4,6 dobijeni uzorci su
podvrgnuti hladenju, a zatim skladis-
teni 21 dan na temperaturi 4°C.

Uzorci jogurta A su proizvedeni od
kozjeg mleka, dok su uzorci jogurta B
i C proizvedeni od kozjeg mleka kome
je 1h pre termickog tretmana dodato
0,5%, odnosno 1% koncentrata protei-
na surutke Textrion Progel 800, DMV
International, Netherlands.

Ispitivan je hemijski sastav sirovog
mleka, mleka sa dodatkom 0.5% i 1%
KPS, termicki tretiranog mleka i jogur-
ta tokom 21 dana skladiStenja. Tako-
de, u toku skladiStenja ispitivan je vis-
kozitet jogurta. Istrazivanje je vrSeno u
laboratoriji za tehnologiju mleka na
Poljoprivrednom fakultetu u Beogradu.

Kod svih uzoraka mleka i jogurta
vr8ene su sledece analize: suva mate-
rija metodom suSenja na 102+2°C
(Cari¢ i sar., 2000), metodom po
Kjeldahu pomocu Kjeltec sistema (IDF
20B:1993), mle€na mast metodom po
Gerberu (IDF 105:1981; Cari¢ i sar.,
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2000), laktoza titracionom metodom
(IDF 28:1974), mineralne materije
(Cari¢ i sar., 2000), titraciona kiselost
mleka po Soxhlet-Henkel-u (°SH) (Ca-
ri¢ i sar., 2000), titraciona kiselost jo-
gurta potenciometrijskom metodom
(IDF 150:1991), i pH vrednost pH-
metrom sa kombinovanom elektrodom
model Consort C 931.

U toku skladiStenja kod uzoraka
jogurta izvrSeno je ispitivanje sposob-
nosti vezivanja vode prema metodi
Parnell-Clunies (Riener i sar., 2010).
Takode je vrSeno ispitivanje sinere-
zisa (Riener i sar., 2010).

Viskozitet uzoraka jogurta tokom
skladidtenja odreden je pomocu rota-
cionog viskozimetra: Visco Basic+R,
Fungilab (Spanija), prema metodi koju
su opisali Vuci¢ i sar. (2010).

Proizvodnja svih varijanti €vrstog
jogurta od kozjeg mleka (A, B i C) po-
novljena je tri puta.

REZULTATI | DISKUSIJA

Hemijski sastav mleka i ¢vrstog
jogurta

Kod svih uzoraka ispitivan je sas-
tav sirovog mleka, termi€ki tretiranog
mleka, kao i sastav jogurta tokom
skladistenja (1, 7, 14, i 21-og dana).
Kod uzoraka proizvedenih od kozjeg
mleka uz dodatak 0.5% i 1% koncen-
trata proteina surutke takode je izvr-
Seno ispitivanje mleka nakon dodatka
KPS.

Kod uzorka kozjeg jogurta uocen
je porast sadrzaja suve materije i suve
materije bez masti nakon termickog
tretmana mleka $to je posledica
isparavanja dela vode u toku tretmana
(Tabela 1).

Kod svih uzoraka Cvrstog jogurta
od kozjeg mleka uoCava se smanjenje
sadrzaja suve materije prvog dana
skladistenja Sto je u saglasnosti sa re-
zultatima drugih autora (Denin Burde-
vic i sar., 2002a, 2002b; Vugdi¢ i sar.,
2010, 2011). Takode, tokom skladis-
tenja jogurta uoCava se blago smanje-
nje udela laktoze, $to se moze objas-
niti konverzijom laktoze od strane bak-
terija mlec€ne kiseline.

Promene pH vrednosti i titracione
kiselosti jogurta tokom skladiStenja

Promena pH vrednosti je pracena
tokom 21 dana skladiStenja a dobijeni
rezultati prikazani su na slici 1.

pH vrednost kozjeg jogurta se kre-
tala od 4,42 prvog dana skladiStenja
do 4,27 nakon 21 dana skladistenja.

Tokom ispitivanog perioda skladis-
tenja najizrazeniju promenu pH vred-
nosti imali su uzorci jogurta proizve-
deni od kozjeg mleka sa dodatkom
1% KPS. Najvec¢i pad pH vrednosti
zabelezen je u periodu od 1. do 7.
dana skladistenja i iznosio je 0,36 pH
jedinica, respektivno.

Medutim kod uzoraka jogurta od
kozjeg mleka proizvedenih sa dodat-
kom 0,5% i 1% KPS u poslednjih
sedam dana skladistenja doSlo je do
povecéanja pH vrednosti za 0,05 i 0,03
pH jedinica, respektivno, §to je vero-
vatno rezultat proteolitiCkih promena.

Tokom ispitivanog perioda skladis-
tenja ispitivana je kiselost kozjeg jo-
gurta (Slika 2).

Kod uzoraka ¢&vrstog jogurta od
kozjeg mleka (A) uocen je postepen
porast titracione kiselosti tokom skla-
distenja,od 0,71% m.k. prvog dana do
0,82% m.k. dvadeset prvog dana skla-
diStenja. Najmanja promena titracione
kiselosti tokom skladiStenja zabelezZe-
na je kod uzoraka &vrstog jogurta pro-
izvedenog od kozjeg mleka sa do-
datkom 0,5% KPS (B). Kod ovih uzo-
raka takode je zabelezeno smanjenje
titracione kiselosti od 0,01% u periodu
od 1. do 7. dana skladistenja. Najiz-
razenije povecanije titracione kiselosti
tokom skladistenja uolava se kod
uzoraka ¢€vrstog jogurta proizvedenog
od kozjeg mleka sa dodatkom 1%
KPS (C). U toku prvih sedam dana
skladiStenja titraciona kiselost se po-
vecala za 0,11%. Najvisa titraciona ki-
selost nakon ispitivanog perioda skla-
distenja zabelezena je kod uzoraka C
— 0,86% m.k., §to je verovatno posle-
dica povecanog rasta BMK kod uzo-
raka proizvedenih sa dodatkom KPS
(Herrero i Requena, 2006).

Sinerezis i sposobnost vezivanja
vode évrstog jogurta

Sinerezis predstavlja izdvajanje te-
¢ne faze iz gela i zavisi od termic¢kog
tretmana mleka, sadrzaja suve mate-
rije, upotrebljenih stabilizatora, brzine
acidifikacije, temperature acidifikacije,
vrste startera i kiselosti koja nastaje
kao rezultat delovanja bakterija mle¢-
ne kiseline (Denin Burdevi¢, 2001).

Sinerezis uzorka ¢&vrstog jogurta
od kozjeg mleka je ispitivan 1., 7., 14.
i 21. dana skladistenja, a rezultati do-
bijeni u ovom delu istrazivanja prika-
zani su na Slici 3.
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Tabela 1. HEMIJSKI SASTAV UZORAKA CVRSTOG KOZJEG JOGURTA
Table 1. CHEMICAL COMPOSITION OF GOAT'S YOGHURT SAMPLES

Pokazatelj/ Parameter

SMITS (%) Mast/Fat SMbM/ Pro_teini/ Laktoza/ Pepeo/Ash

(%) TSNF (%) Proteins (%) Lactose (%) (%)
Sirovo mleko/Raw milk 11,13+0,03 2,80+0,00 8,33+0,03 2,82+0,13 4,16+0,19 0,80+0,01
Term. tret. mleko/Heat treated milk 11,64+0,19 3,00+0,00 8,64+0,19 2,92+0,06 4,69+0,00 0,81+0,09
A Jogurt 1.dan/Yoghurt 1% day 10,87+0,07 2,64+0,24 8,23+0,28 2,85+0,09 4,05+0,08 0,82+0,04
Jogurt 7. dan/Yoghurt 7" day 10,88+0,11 | 2,86%0,24 8,02+0,13 3,01+0,05 4,12+0,08 0,84+0,01
Jogurt 14. dan/Yoghurt 14"day 10,93+0,04 2,97+0,12 7,96+0,15 2,97+0,02 3,98+0,21 0,84+0,01
Jogurt 21.dan/Yoghurt 21¥ day 10,97+0,10 2,86+0,24 8,11+0,14 3,02+0,05 3,7740,23 0,86+0,03
Sirovo mleko/Raw milk 11,16+0,03 3,00+0,00 8,16+0,03 2,56+0,03 4,47+0,00 0,77+0,00
0.5% KPS/0.5% WPC 11,46+0,03 2,93+0,06 8,53+0,09 2,91+0,05 4,44+0,05 0,81+0,01
Term. tret. mleko/Heat treated milk | 11,73+0,08 3,00+0,00 8,73+0,08 3,00+0,04 4,62+0,00 0,83+0,01
B Jogurt 1.dan/Yoghurt 1% day 11,14+0,09 2,64+0,00 8,50+0,09 3,02+0,04 4,15+0,00 0,83+0,01
Jogurt 7. dan/Yoghurt 7" day 10,92+0,03 2,57+0,13 8,35+0,11 2,96+0,10 4,09+0,05 0,82+0,00
Jogurt 14. dan/Yoghurt 14™day 11,06+0,14 2,42+0,00 8,64+0,14 3,01+0,06 4,13+0,00 0,83+0,00
Jogurt 21.dan/Yoghurt 21¥ day 11,04+0,04 2,49+0,13 8,55+0,15 3,07+0,01 4,28+0,00 0,83+0,00
Sirovo mleko/Raw milk 10,60+0,06 2,80+0,00 7,80+0,06 2,4240,04 4,32+0,04 0,75+0,00
1% KPS/1% WPC 11,24+0,06 2,80+0,00 8,44+0,06 3,2440,12 4,34+0,00 0,78+0,01
Term. tret. mleko/Heat treated milk 11,49+0,07 2,90+0,00 8,59+0,07 3,32+0,04 4,43+0,04 0,81+0,00
C Jogurt 1.dan/Yoghurt 1% day 11,04+0,10 2,64+0,00 8,50+0,09 3,02+0,04 4,22+0,05 0,83+0,01
Jogurt 7. dan/Yoghurt 7" day 10,65+0,08 2,57+0,13 8,08+0,09 3,20+0,05 4,1440,04 0,85+0,01
Jogurt 14. dan/Yoghurt 14"day 10,99+0,02 2,75+0,00 8,24+0,02 3,21+0,04 4,06+0,18 0,92+0,02
Jogurt 21.dan/Yoghurt 21% day 10,9040,11 2,71+0,13 8,18+0,07 3,01+0,11 3,75+0,05 0,87+0,03

Legenda/Legend: A — ¢vrsti jogut od kozjeg mleka; B - Evrsti jogurt od kozjeg mleka sa dodatkom 0.5% KPS; C - évrsti jogurt od kozjeg
mleka sa dodatkom 1% KPS / A — set-style goat’s yoghurt; B - set-style yogurt from goat’s milk supplemented with 0.5% WPC; C - set-
style yoghurt from goat’s milk supplemented with 1% WPC

SM-suva materija / TS-total solids

SMbM-suva materija bez masti / TSNF(non fat )-total solids

Kod svih uzoraka ¢&vrstog kozjeg
jogurta u period od 1. do 14. dana
skladidtenja, zabeleZeno je smanjenje
sinerezisa, dok je u poslednjih sedam
dana skladiStenja uo€eno izdvajanje
vecée koli¢ine surutke. Najveéi sinere-
zis 21. dana skladistenja zabelezen je
kod uzoraka C — 16,25mL. Izrazeniji
sinerezis 21. dana skladistenja je re-
zultat formiranja slabih veza u protein-
skom matriksu tokom starenja gela.

Dodatakom koncentrata proteina

2.7 7
26
45 A
44 A

pH

43

2.2
41 4

4

surutke u mleko, u toku fermentacije
dolazi do formiranja neznijeg gela sa
manje izrazenim sinerezisom (Tami-
me i Robinson, 2000; Tratnik, 1998).
Rezultati dobijeni u ovom delu istra-
Zivanja pokazuju da je sinerezis naj-
slabije izrazen kod uzoraka cvrstog
jogurta proizvedenog od kozjeg mleka
sa dodatkom 0,5% KPS. Najmanja
koli€ina izdvojene surutke zabelezena
je 14. dana skladiStenja i iznosila je
14,25 mL.

1 7

14 21

Period skladistenja (dani) / Storage period {days)

Slika 1.

PROMENA PH VREDNOSTI UZORAKA JOGURTA TOKOM

SKLADISTENJA, A - CVRSTI JOGURT OD KOZJEG MLEKA; B -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5%
KPS; C - CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM

1% KPS

Figure 1. CHANGE OF PH VALUE IN YOGHURT SAMPLES DURING
STORAGE, A — SET-STYLE GOAT'S YOGHURT; B - SET-STYLE
YOGURT FROM GOAT’S MILK SUPPLEMENTED WITH 0.5%
WPC; C - SET-STYLE YOGHURT FROM GOAT’S MILK
SUPPLEMENTED WITH 1% WPC

Najveéu sposobnost vezivanja vo-
de (Slika 4.) pokazuju uzorci ¢vrstog
jogurta proizvedeni od kozjeg mleka
sa dodatkom 1% KPS. Tokom
ispitivanog perioda skladistenja kod
uzoraka C je zabelezena minimalna
promena sposobnosti vezivanja vode
od 50,08% prvog dana do 49,76%
dvadeset prvog dana skladiStenja. Na-
suprot tome, uzorci ¢&vrstog jogurta
proizvedeni od kozjeg mleka sa do-
datkom 0,5% KPS imali su sli¢nu spo-
sobnost vezivanja vode kao i uzorci
¢vrstog kozjeg jogurta tokom celokup-
nog perioda skladistenja.

Viskozitet ¢vrstog jogurta tokom
skladiStenja

U ovoj fazi istrazivanja ispitivan je
uticaj vremena na promenu Viskozi-
teta Cvrstog jogurta proizvedenog od
kozjeg mleka bez i sa dodatkom
0,5%, odnosno 1% KPS. Uzorci su
ispitivani nakon 1, 7, 14 i 21 dana
skladistenja.

Na slici 5. prikazana je promena
viskoziteta uzoraka &vrstog jogurta u
zavisnosti od vremena izlaganja kons-
tantnoj sili smicanja (brzina obrtaja
spindla 20 ob/min) prvog dana skla-
distenja.
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Slika 2.

Figure 2.

Slika 3.

Figure 3.

Slika 4.
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Period skladistenja (dani) / Storage period (days)
PROMENA TITRACIONE KISELOSTI UZORAKA JOGURTA TOKOM
SKLADISTENJA, A — CVRSTI JOGURT OD KOZJEG MLEKA; B -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5% KPS;

C - CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 1%
KPS

CHANGE OF TITRABLE ACIDITY IN YOGHURT SAMPLES DURING
STORAGE, A - SET-STYLE GOAT'S YOGHURT; B - SET-STYLE
YOGHURT FROM GOAT’'S MILK SUPPLEMENTED WITH 0.5%
WPC; C - SET-STYLE YOGHURT FROM GOAT’S MILK
SUPPLEMENTED WITH 1% WPC

16.5 7 L= e

Sinerezis (ml)/ Syneresis (ml)

1 7 14 21

Period skladistenja (dani) / Storage period (days)

SINEREZIS UZORAKA JOGURTA, A - CVRSTI JOGURT OD
KOZJEG MLEKA,; B - CVRSTI JOGURT OD KOZJEG MLEKA SA
DODATKOM 0.5% KPS; C - CVRSTI JOGURT OD KOZJEG MLEKA
SA DODATKOM 1% KPS

SYNERESIS OF YOGHURT SAMPLES, A - SET-STYLE GOAT’S
YOGURT; B - SET-STYLE YOGURT FROM GOAT'S MILK
SUPPLEMENTED WITH 0.5% WPC; C - SET-STYLE YOGHURT
FROM GOAT’S MILK SUPPLEMENTED WITH 1% WPC

50 - BA B EC

50 1

40 A

30 1

SVV (%) / WHC (%)

20 4

1 7 14 21

Period skladistenja (dani) / Storage period (days)

SPOSOBNOST VEZIVANJA VODE (SVV) UZORAKA JOGURTA, A -
CVRSTI JOGURT OD KOZJEG MLEKA; B - CVRSTI JOGURT OD
KOZJEG MLEKA SA DODATKOM 0,5% KPS; C - CVRSTI JOGURT
OD KOZJEG MLEKA SA DODATKOM 1% KPS

Figure 4. WATER HOLDING CAPACITY (WHC) OF YOGHURT SAMPLES, A —
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SET-STYLE GOAT'S YOGHURT; B - SET-STYLE YOGHURT FROM
GOAT'S MILK SUPPLEMENTED WITH 0.5% WPC; C - SET-STYLE
YOGHURT FROM GOAT’S MILK SUPPLEMENTED WITH 1% WPC

Nakon 1 dana skladiStenja uzorci
¢vrstog kozjeg jogurta (A) pokazuju
znacajno smanjenje viskoziteta tokom
merenja. Prva izmerena vrednost vis-
koziteta, nakon 30 s, bila je 2463,2
mPas, dok je nakon tri minuta vred-
nost viskoziteta opala na 810,2 mPas,
8to znadi da je smanjenje viskoziteta
iznosilo 1653,0 mPas. Ovako izrazeno
smanjenje viskoziteta uzoraka A re-
zultat je naglog naruSavanja strukture,
pa je nakon 180 s vrednost viskoziteta
ovih uzoraka najmanja. Nasuprot to-
me, uzorci ¢vrstog jogurta proizvedeni
od kozjeg mleka sa dodatkom 0,5%
KPS (B) i 1% KPS (C) pokazuju line-
arno smanjenje viskoziteta tokom vre-
mena. Na osnovu ovoga mozemo za-
klju€iti da manja po€etna vrednost vis-
koziteta uzoraka C€vrstog jogurta pro-
izvedenih od kozjeg mleka sa dodat-
kom KPS ima za posledicu i manje
smanjenje viskoziteta tokom vremena.
Takode, povecéan sadrzaj proteina do-
vodi do intenzivnijih interakcija i pove-
¢anja protein-protein veza u gelovima
proizvedenim sa dodatkom KPS, §to
povecéava njihovu elasti¢nost (Damin i
sar., 2009).

Promena viskoziteta ¢vrstog jogur-
ta od kozjeg mleka sedmog dana
skladiStenja prikazana je na Grafikonu
4,

Sedmog dana skladiStenja, najve-
¢u vrednost viskoziteta nakon tokom
180s delovanja sile imali su uzorci
¢vrstog kozjeg jogurta (A) - 1992,0
mPas. Uzorci ¢vrstog jogurta proiz-
vedeni od kozjeg mleka sa dodatkom
1% KPS imali su najnize vrednosti vis-
koziteta. Nakon 30 s delovanja sile
prosec€an viskozitet uzoraka C je izno-
sio 1438,1 mPas, a vrednost viskozi-
teta nakon 180 s iznosila je 1239,6
mPas. Ukupno smanjenje viskoziteta
tokom vremena, iznosilo je 198,5
mPas.

U odnosu na prvi dan skladiStenja
Svi ispitivani uzorci su imali manje
vrednosti viskoziteta. Usled promena
proteinskog matriksa tokom skladiste-
nja, nakon 7 dana kod svih uzoraka je
zabelezeno manje narusavanje struk-
ture tokom delovanja sile.

Na slici 7 prikazana je promena
viskoziteta uzoraka ¢vrstog jogurta 14.
dana skladistenja.

Iz podataka prikazanih na slici 7
moze se uociti da uzorci C pokazuju
odstupanja u tiksotropnom ponasanju
kiselog kazeinskog gela. Nakon 90 s
zabelezena je najniza vrednost visko-
ziteta — 1027,2 mPas, $to je za 157,1
mPas niza vrednost nego nakon 180 s
delovanja sile. Najve¢e vrednosti vis-
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Slika 5.
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1500.0

1000.0

Viskozitet (mPas) / Viscosity (mPas)

5000 +
30 60 90 120 150 180

Vreme (s)/ Time (s)

PROMENA VISKOZITETA UZORAKA JOGURTA 1. DANA
SKLADISTENJA, A — CVRSTI JOGURT OD KOZJEG MLEKA; B -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5% KPS;
C - CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 1%
KPS

Figure 5. VISCOSITY CHANGE OF YOGHURT SAMPLES ON THE 15" DAY

Slika 6.

OF STORAGE, A — SET-STYLE GOAT’S YOGURT; B - SET-STYLE
YOGURT FROM GOAT’S MILK SUPPLEMENTED WITH 0.5% WPC,;
C - SET-STYLE YOGHURT FROM GOAT’'S MILK SUPPLEMENTED
WITH 1% WPC
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Viskozitet (mPas)/ Viscosity (mPas)

30 80 90 120 150 180

Vreme (s)/ Time (s)
PROMENA VISKOZITETA UZORAKA JOGURTA 7. DANA
SKLADISTENJA, A - CVRSTI JOGURT OD KOZJEG MLEKA; B -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5% KPS;
C - CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 1% KPS

Figure 6. VISCOSITY CHANGE OF YOGHURT SAMPLES ON THE 7" DAY

Slika 7.

OF STORAGE, A - SET-STYLE GOAT'S YOGURT; B - SET-STYLE
YOGHURT FROM GOAT’'S MILK SUPPLEMENTED WITH 0.5%
WPC; C - SET-STYLE YOGHURT FROM GOAT'’S MILK
SUPPLEMENTED WITH 1% WPC

26000 4 ——a
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v
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Vreme (s)/Time(s)

PROMENA VISKOZITETA UZORAKA JOGURTA 14. DANA SKLA-
DISTENJA, A - CVRSTI JOGURT OD KOZJEG MLEKA; B - CVRSTI
JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5% KPS; C -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 1% KPS

Figure 7. VISCOSITY CHANGE OF YOGHURT SAMPLES ON THE 14™" DAY

OF STORAGE, A - SET-STYLE GOAT'S YOGHURT; B - SET-STYLE
YOGURT FROM GOAT’S MILK SUPPLEMENTED WITH 0.5% WPC;
C - SET-STYLE YOGHURT FROM GOAT’'S MILK SUPPLEMENTED
WITH 1% WPC

koziteta, kao i prvog i sedmog dana
skladiStenja zabeleZene su kod uzo-
raka A, Sto je u saglasnosti sa istra-
Zivanjima Jelen i sar. (1987), koji su u
svojim ispitivanjima proizvodili Cvrsti
jogurt od mleka sa izmenjenim odno-
som kazein: serum proteini, i dosli do
zaklju¢ka da se sa poveéanjem sadr-
Zaja serum proteina smanjuje visko-
zitet i Cvrstina gotovog proizvoda.

Promena viskoziteta €vrstog jogur-
ta od kozjeg mleka 21. dana skladis-
tenja prikazana je na slici 8.

Nakon 21 dana skladiStenja, svi is-
pitivani uzorci €vrstog kozjeg jogurta
pokazuju tiksotropno ponaSanje. Uzo-
rci €vrstog jogurta proizvedeni od koz-
jeg mleka sa dodatkom 0.5% KPS (B)
imali su najmanju izmerenu pocetnu
vrednost viskoziteta (1352,4 mPas),
koja je za 315,5 mPas, 337,9 mPas i
340,8 mPas manja nego kod gelova
starih 1, 7 i 14 dana, respektivno. lako
su uzorci C tokom skladistenja 1., 7. i
14. dana imali najmanje zabeleZzene
vrednosti viskoziteta, nakon 21 dana
skladistenja viskozitet ovih uzoraka vi-
Si je u odnosu na uzorke A i B. Tako-
de, 21. dana skladistenja zabelezena
je najviSa pocCetna vrednost viskozite-
ta uzoraka ¢vrstog jogurta proizvede-
nog od kozjeg mleka sa dodatkom 1%
KPS — 1790,2 mPas, dok je nakon
180 s vrednost viskoziteta iznosila
1416,0 mPas.

ZAKLJUCAK

Na osnovu rezultata dobijenih u
ovim istrazivanjima moze se zakljuciti
da je najslabije izrazen sinerezis za-
belezen 14. dana skladistenja kod
svih proizvedenih uzoraka ¢€vrstog jo-
gurta od kozjeg mleka. Najmanju sklo-
nost ka izdvajanju surutke tokom is-
pitivanog perioda skladistenja imali su
uzorci ¢vrstog jogurta proizvedeni od
kozjeg mleka sa dodatkom 0,5% KPS.
Najve¢a sposobnost vezivanja vode
zabeleZzena je kod uzoraka C¢vrstog
jogurta proizvedenih od kozjeg mleka
sa dodatkom 1% KPS. Najvise pro-
seCne vrednosti viskoziteta u periodu
od prvog do Cetrnaestog dana skla-
diStenja imali su uzorci ¢vrstog jogurta
od kozjeg mleka, dok je 21. dana skla-
diStenja najviSi viskozitet zabelezen
kod uzoraka ¢Evrstog jogurta proizve-
denog od kozjeg mleka sa dodatkom
1% KPS.
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Slika 8.

PROMENA VISKOZITETA UZORAKA JOGURTA 21. DANA SKLA-

DISTENJA, A - CVRSTI JOGURT OD KOZJEG MLEKA; B - CVRSTI
JOGURT OD KOZJEG MLEKA SA DODATKOM 0.5% KPS; C -
CVRSTI JOGURT OD KOZJEG MLEKA SA DODATKOM 1% KPS

Figure 8. VISCOSITY CHANGE OF YOGHURT SAMPLES ON THE 21°" DAY
OF STORAGE, A — SET-STYLE GOAT'S YOGHURT; B - SET-STYLE
YOGHURT FROM GOAT’S MILK SUPPLEMENTED WITH 0.5%
WPC; C - SET-STYLE YOGHURT FROM GOAT'’S MILK
SUPPLEMENTED WITH 1% WPC
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SUMMARY

THE INFLUENCE OF WHEY PROTEIN CONCENTRATES ON CHARACTERISTICS
OF SET-STYLE YOGHURT MADE FROM GOAT MILK DURING STORAGE

Tanja R. Vuci¢, Snezana T. Jovanovié, Igor R. Zdravkovi¢, Ognjen D. Mace;j

University of Belgrade, Faculty of Agriculture,
Institute for food technology and biochemistry, Zemun, Serbia

The possibility of whey protein concentrates application in the production of goat
milk’s set yoghurt was investigated. Three series of samples were produced: A — set-
style goat’s yoghurt; B - set-style yoghurt from goat’s milk supplemented with 0.5%
WPC; C - set-style yoghurt from goat’s milk supplemented with 1% WPC.

Physicochemical properties and viscosity of produced samples were investigated
on the 1%, 7", 14™ and 21 day of storage.

Due to data analysis it was concluded that the highest viscosity on 1%, 7" and 14"
day of storage had set-style goat's yoghurt samples (A), while on 21% day of storage
highest viscosity was recorded in samples of set-style yoghurt from goat's milk
supplemented with 1% WPC (C). The highest water holding capacity during storage
period had samples C, while the least syneresis had samples B.

Key words: goat milk « set-style yoghurt « whey

protein concentrates ¢ viscosity
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PRISTUPI MERENJU ODRZIVOSTI
PROIZVODNJE MLEKA

UvoD

Kroz istoriju su ostale zabelezene
mnoge civilizacije koje su nestale
zbog neodrzivosti koriSéenih sistema
proizvodnje hrane. Takvi sistemi poljo-
privredne proizvodnje su tokom vre-
mena naj¢eSce dovodili do erozije
zemljista, iscrpljivanja hranljivih mate-
rija u zemljiStu i visoke zaslanjenosti
poljoprivrednog zemiljista. Kada bi ko-
riS¢ene povrSine postale neupotreb-
liive za poljoprivrednu proizvodnju,
preostajalo bi je jo§ uvek dovoljno
rezervnog zemljiSta gde se tadasnje
stanovniStvo moglo preseliti i nastaviti
sa poljoprivrednom  proizvodnjom.
Medutim, danas su takve mogucnosti
iscrpliene, a luksuz u praktikovanju
sistema neodrzive poljoprivredne pro-
izvodnje, u ovom slu€aju sa ekoloskog
aspekta, postaje nedopustiv.

Savremeni trendovi u vidu rasta
broja stanovnika, promene navika u
potrodnji hrane i urbanizacija stvaraju
veliki pritisak na strani traznje za hra-
nom. Na strani ponude, proizvodnja
hrane je u prethodnim decenijama bila
pracena ukrupnjavanjem poljoprivred-
nih gazdinstava u razvijenim zemlja-
ma i sve vecom upotrebom onih in-
puta i metoda proizvodnje koji ostav-
lijaju negativne posledice na Zivotnu
sredinu. Razvoj svesti o neodrzivosti
ovakvog nacina proizvodnje hrane u
svetu doveo je u poslednjih nekoliko
decenija do kreiranja koncepta odrzi-
vog razvoja, koji je postao vodeca pa-
radigma za kreatore politike i istrazi-
vate (Van Passel, 2006). Prema
Perman, Ma i McGilvray (pomenuto
kod Van Passel, 2008) koncept odr-
zivosti je etiCke prirode i proistiCe iz
brige za buduc¢nost narednih genera-
cija. Samo pominjanje buduc¢nosti po-
ljoprivredne proizvodnje, a samim tim i
buduénosti osnovnih jedinica proiz-
vodnje, poljoprivrednih gazdinstava,
uz multidimenzionalnost, dinami¢nost
i globalni karakter, &ini ceo koncept
odrzivosti kompleksnim i teSkim za
merenje.

Definisanje koncepta odrzivosti

NajCeSc¢e koriS¢ena definicija odr-
zivosti je ona koju je Svetska komisija
za zivotnu sredinu i razvoj utvrdila
1987. godine. Prema toj definiciji:
,Odrzivi razvoj je razvoj koji omogucu-
je sadadnjoj generaciji da zadovolji
svoje potrebe bez kompromisa sa
mogucnostima buduc¢ih generacija da
zadovolje svoje sopstvene potrebe®.
lako se ova definicija Cesto koristi u
nauc¢noj literaturi, njeno znacenje nije
precizno i operativno, pa stoga njeno
razumevanje je razli¢ito kroz prostor i
vreme, kao i medu pojedincima (Dil-
lon, Hennessy i Hines, 2009). Osim
toga, kompleksnost samog koncepta
.potreba“ otezava primenu ekonom-
ske analize.

Pored pomenute definicije postoji i
preko 60 manje poznatih definicija
odrzivosti (Kooten, Bulte, 2000). Jas-
no je, da nema potpune saglasnosti
oko koncepta i definicije odrzivosti.
Medutim, jedan ili viSe elemenata su
uvek prisutni u svim pristupima kon-
ceptu odrzivosti. U pitanju su: (i) ogra-
ni¢enost prirodnih resursa, gde po-
stoje limiti u kapacitetima njihove upo-
trebe u okviru ekosistema planete, (ii)
ekonomski, ekoloSki i drustveni ciljevi
se moraju ostvarivati u okviru ovih li-
mita, (iii) postoji potreba za unutar i
medu generacijskim pravom na raspo-
laganje resursima istog kvantiteta i
kvaliteta (Van Passel, 2007).

Odrzivost poljoprivredne proizvod-
nje se bazira na tri opSte prihvacene
dimenzije: ekonomskoj, ekoloskoj i
drustvenoj odrzivosti, kao i na interak-
ciji medu njima. Meduzavisnost izme-
du dimenzija odrzive poljoprivredne
proizvodnje je visoka. Rezultati dosa-
dasnjih istrazivanja su pokazali da su
veze izmedu pojedinih dimenzija jake,
brojne i kompleksne (EC, 2001).

Ekoloska dimenzija obuhvata up-
ravljanje prirodnim resursima, na na-
¢in koji ¢e obezbediti njihovu jednaku
dostupnost u buduc¢nosti, kao i Citav
niz drugih elemenata. Prvenstveno se
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misli na: zastitu pejsaza, Zivotnih sta-
nita, biodiverziteta i obezbedenje
kvaliteta vode za pi¢e i vazduha. Eko-
nomska dimenzija se odnosi na efi-
kasnu upotrebu resursa, konkurent-
nost i odrzivost sektora poljoprivrede i
njegov doprinos odrzivosti ruralnih
podru¢ja. Efikasne poljoprivredne
strukture, adekvatne tehnologije i di-
verzifikacija izvora dohotka za poljo-
privredna domacinstva, jesu bitni ele-
menti ove dimenzije. Drustvena di-
menzija obuhvata pitanja o moguéno-
stima zaposlenja radne snage i pris-
tupa resursima i uslugama poljo-
privrednih domacinstava u poredenju
sa drugim ekonomskim jedinicama u
ruralnim podrucjima. Elementi poput
jednakosti moguénosti, kao i drust-
vena briga o eti¢nosti koriS¢enih me-
toda u poljoprivrednoj proizvodniji, ta-
kode pripadaju ovoj dimenziji (EC,
2001).

lako merenje odrzivosti nije nimalo
lak zadatak, vec¢ina autora se slaze da
je korak ka merenju odrzivosti izuzet-
no bitan, jer predstavlja konkretizaciju
i promovisanje koncepta. Nuzna po-
sledica toga jeste pojednostavljivanje
kako koncepta, tako i karakteristika
sistema koji se meri.

Dosadasnji pristupi merenju karak-
teristika odrZivosti poljoprivredne pro-
izvodnje mogu se razvrstati u dve gru-
pe. Prvoj grupi pripadaju metode koje
su orijentisane ka merenju opterece-
nosti, tj. merenju troSkova negativnog
uticaja na zivotnu sredinu koji nastaju
upotrebom resursa u jednoj ekonom-
skoj aktivnosti u odnosu na drugu.
Drugu grupu ¢ine metode usmerene
na procenu vrednosti koja je kreirana
sa datim resursima i datim uticajem
na zivotnu sredinu u odnosu na vred-
nost kreiranu sa identi¢nim resursima
u alternativnim proizvodnim procesi-
ma (Mondelaers, Van Huylenbroeck,
Lauwers, 2011). Za metode iz prve
grupe je karakteristicno da se rede
primenjuju u kreiranju i merenju efe-
kata agrarne politike, zbog toga Sto su
orijentisani na negativne efekte po zZi-
votnu sredinu, koji nastaju upotrebom
resursa, a ne na vrednost koja je krei-
rana upotrebom tih resursa. Druga
grupa, metoda usmerenih na procenu
vrednosti upotrebe resursa, koristi je-
dan vrednosni pokazatelj za veci skup
varijabli jednog proizvodnog procesa
(ekonomski, drustveni i efekti na Zivot-
nu sredinu), $to im daje izvesnu pred-
nost u prakti¢noj primeni.

Postoji viSe nivoa na kojima se
moze meriti odrzivost poljoprivredne
proizvodnje: globalni, regionalni, na-

cionalni i mikro nivo. Prema Bachev
(2005) merenje odrzivosti poljopri-
vredne proizvodnje na mikro nivou, tj.
nivou jednog poljoprivrednog gaz-
dinstva, podrazumeva njegovu Spo-
sobnost da se odrzZi tokom viSe na-
rednih generacija.

Merenje odrZivosti se operativno
sprovodi putem seta odabranih indika-
tora. Pod indikatorom odrzivosti pod-
razumeva se varijabla, koja omogucu-
je opisivanje, merenje i nadgledanje
procesa, stanja i tendencija sistema
na viSe nivoa. Citirajuéi druge autore
Walker (2002) isti¢e, da treba imati u
vidu, da jedan indikator najCeScée
predstavlja samo jednu od C&itavog se-
ta varijabli u okviru svake od tri dimen-
zije odrZivosti jednog proizvodnog
procesa. To znadi, da se odabirom
nekoliko indikatora prakti¢no vrsi ,veli-
ko pojednostavljivanje“ ukupnog obi-
ma efekata.

Znacaj merenja odrzivosti
proizvodnje mleka

Postoji viSe razloga zbog kojih je
odrzivost poljoprivrednih gazdinstava
koja se bave proizvodnjom mleka u
fokusu nauke tokom poslednjih go-
dina. Na prvom mestu je uceSée pro-
izvodnje mleka, na globalnom nivou, u
emisiji gasova koji doprinose efektu
staklene baste. Zatim, veliki broj sta-
novnika na planeti zivi na gazdinstvi-
ma koja proizvode mleko. Procene se
kre¢u €ak i do 1 milijarde stanovnika
koji direktno zavise od proizvodnje
mleka, Sto utiCe na znacaj ekonomske
i druStvene dimenzije odrzivosti njiho-
vih poljoprivrednih gazdinstava.

Poljoprivreda je jedan od glavnih
sektora koji doprinose globalnom za-
grevanju, pri ¢emu proizvodnja mleka
ima pojedinacno najveci doprinos tom
procesu (Mondelaers, Van Huylenbro-
eck, Lauwers, 2011). Stetni gasovi
koji se emituju iz proizvodnje mleka
su: metan (CHa), azotsuboksid (N20) i
ugljendioksid (CO,). Da bi podaci o
emisiji pomenutih gasova bili uporedi-
vi, u praksi se najéeSc¢e koristi metod
obracuna emisije metana i azotsubok-
sida u ekvivalentne koli¢ine ugljen-
dioksida. Metan ima najveci udeo koji
se krece od 55 do 69% (Hagemann i
drugi, 2011), pri E¢emu najveéim delom
nastaje u procesu fermentacije u bu-
ragu krava, a manjim delom iz stajnja-
ka. Na drugom mestu se nalazi azot-
suboksid sa udeom koji se kreée u
rasponu od 22 do 32%.

Naravno, osim emisije Stetnih ga-
sova proizvodnja mleka potencijalno

mozZe imati jo§ negativnih uticaja na
Zivotnu sredinu. Neki od mogucih ne-
gativnih uticaja su: neizbalansiran od-
nos dodatih nutrijenata (N, P i K)
poljopriviednom zemljiStu putem staj-
njaka i osoke i potreba uzgajanih use-
va za nutrijentima, zatim, efekti na
kvalitet vode za pice i vazduha, ero-
Zija zemljista, naruSavanje biodiverzi-
teta, itd. Svi navedeni negativni uticaji
posebno dobijaju na znacaju zbog
prisutnog procesa restrukturiranja po-
ljoprivrednih gazdinstava u veéem
broju zemalja. Restrukturiranje podra-
zumeva smanjenje broja gazdinstava
koja se bave proizvodnjom mleka, po-
vecanje broja krava po jednom gaz-
dinstvu i izbor nacdina obavljanja pro-
izvodnje. U nekim zemljama, poput
SAD, Novog Zelanda, Brazila i Japa-
na, prisutan je rapidan rast upravo
onih gazdinstava koja imaju najvedi
broj krava i €iji kapaciteti se mere u
hiljadama grla.

Proizvodnja kravljeg mleka je viso-
ko znacajna ukoliko se posmatra sa
stanoviSta ekonomske odrzZivosti gaz-
dinstava. Na primeru Republike Srbi-
je, to znadi da je oko % ruralnog sta-
novniStva direktno zavisno od eko-
nomskih rezultata koje postizu proiz-
vodadi mleka na svojim gazdinstvima.
Procena je zasnovana na 269.000
poljoprivrednih gazdinstava (Goss i
drugi, 2010) koja se bave proizvod-
njom kravljeg mleka, Sto je oko 50%
svih poljoprivrednih gazdinstava, i pro-
se¢nom broju ¢lanova domacdinstva u
ruralnim regionnima (RZS, Popis
2011.).

Ranija istraZzivanja su u veéem
obimu bila fokusirana na ekonomsku i
ekoloSku odrzivost, dok je drustvena
odrzivost manje razvijana. DruStvena
odrzivost se moze dvostrano posma-
trati. S jedne strane, postoji odgovor-
nost druStva prema proizvodacima
mleka (mere agrarne politike), koja se
ogleda u kreiranju jednakosti moguc¢-
nosti sa drugim subjektima u ruralnim
podrucjima i ostvarivanje zadovoljava-
juéeg Zzivotnog standarda. Tu spada i
spremnost potroSac¢a da plate viSe ce-
ne za proizvode iz odrzive proizvodnje
(Aistars, 1999). S druge strane, na ni-
vou poljoprivednih gazdinstava Cesto
postoje eti¢ki aspekti u odabiru meto-
da proizvodnje mleka (npr. Upotreba
hormona, blagostanje Zivotinja, radni
uslovi poljoprivrednika i sl.). Dimenzija
drustvene odrzivosti obuhvata i spo-
sobnost o¢uvanja postojecih i kreira-
nje novih radnih mesta u proizvodniji
mleka.
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Tabela 1. IFCN (INTERNATIONAL FARM COMPARISON NETWORK) PRISTUP MERENJU ODRZIVOSTI
POLJOPRIVREDNIH GAZDINSTAVA KOJA SE BAVE PROIZVODNJOM MLEKA.

Table 1. IFCN APPROACH TO SUSTAINABILITY IN DAIRY FARMS.
Dlmv(?nzua. Oblast odrzivosti Indikator Grani¢na vrednost odrzivosti
odrzivosti
Ekonomske s ) N
performanse Preduzetnicki profit -1 2 1$/100kg mleka ECM
Ekonomska Rizik MarzZa operativnog profita Od 12% do 15%
Konkurentnost resursa ZP;Lr;?jza na radnu snagu/prosecna Od 90% do 110%
e - . S 130 do 140 g CO; ekv./100 kg
Emisija Stetnih gasova Emisija ugljen dioksida mleka ECM
Ekoloska Upotreba resursa Direktna i indirektna potrosnja vode écgg/lo do 2.000 | vode/kg mieka
Intenzivnost Broj grla/ha 1do 1,2 grla/ha
proizvodnje
- « Udeo subvencija u dohotku polj.
Politicka podrska Gazdinstva 25% do 30%
Drustvena Radni uslovi Godisniji broj radnih sati 2.000 do 2.200 sati godiSnje

Kreiranje radnih mesta

Broj radnika/100t proizvedenog
mleka

0,9 = 1,1 Uslovnih radnika

*ECM — Energy corrected milk

Jedan, od brojnih pristupa merenju
odrzivosti proizvodnja mleka na nivou
poljoprivrednog gazdinstva definisali
su Assah, Steglich i Hemme (2011). U
pitanju je trostepeni postupak. Prvo se
odreduju oblasti odrzivosti koje ¢e se
meriti. Drugi korak podrazumeva oda-
bir adekvatnih i merljivih indikatora za
svaku od odabranih oblasti. Na kraju,
neophodno je odrediti granice za sva-
ki indikator, na osnovu kojih je mogu-
¢e jasno razlikovati odrziva od neodr-
zivih poljoprivrednih gazdinstava. U
tabeli 1 dat je prikaz ovog pristupa s
merljivim indikatorima. Grani¢ni opse-
zi vrednosti indikatora su postavljeni
tako da omogucavaju merenje na glo-
balnom nivou odrzivosti gazdinstava
koja se bave proizvodnjom kravljeg

mleka. Ukoliko su izmerene vrednosti
svih indikatora nekog gazdinstva bolje
od granic¢nih, to ukazuju na visi stepen
odrzivosti poljoprivrednog gazdinstva.
Dodatno Kkalibriranje dobijenih rezul-
tata se obavlja sa skalom ocenjivanja
od -5 do 5, pri éemu se vrednost 0 do-
deljuje grani€énom opsegu. Autori na-
gladavaju da je u nekim sluajevima
bolje koristiti lokalno definisane gra-
niéne vrednosti indikatora od glo-
balnih.

Metod odrzive vrednosti koji su iz-
gradili Figge i Hahn (2004), dodatno
su razradili sa inkorporisanjem proiz-
vodne funkcije Mondelaers, Van Huy-
lenbroeck, Lauwers (2011). Metod pri-
pada savremenijem pristupu, a po-
drazumeva ocenu performansi odrzi-

Tabela 2. PRIMENA METODA ODRZIVE VREDNOSTI U PROIZVODNJI MLEKA

Table 2. ELEMENTS OF SUSTAINABLE VALUE METHOD IN DAIRY FARM

vosti jednog poljoprivrednog gazdinst-
va na bazi vrednosti koju je moguce
kreirati upotrebom istih resursa u al-
ternativnom proizvodnom procesu.
Dve nove dimenzije su karakteristi¢ne
za ovaj metod. Na prvom mestu, me-
tod pripada grupi pristupa koji su ori-
jentisani na procenu krirane vrednosti.
Drugo, integriSe principe finansijske
ekonomije i procenjuje upotrebu re-
sursa sa stanovista investitora.
Primenom metoda odrzive vredno-
sti utvrduje se prosecna produktivnost
kao koliénik godiSnjeg prihoda poljo-
privrednog gazdinstva i svakog poje-
dina¢nog indikatora (B), koja se zatim
poredi sa standardom (C). Ukoliko je
produktivnost pojedinacnog indikatora
viSa od standardne produktivnosti, ta-

. Poljoprivr. Granic’:n_a prod_uktivnost Kreirana Odrziva vrednost
Tip kapitala Vr_sta Jedln_lca gazdinstvo ' (Prihod /j.m.) vrednost (€)
kapitala mere (j.m.) Polj. gazd. Ben&mark
A B C D=(B-C)*A E=>D/7
Voda m°
- tona CO2
Ekoloski Emisija COz2 gy,
Izlu€ivanje N kg/ha
Zemljiste ha
Drustveni Radna snaga radni ¢asovi
Kapital polj. €
Proizvedeni gazdinstva
Koncentrat tona
+/-
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da gazdinstvo kreira odrzivu vrednost
i doprinosi odrzivosti. U obrnutom slu-
€aju niza produktivnost nekog indika-
tora od standardne doprinosi narusa-
vanju odrzive vrednosti.

Merenje odrzivosti poljoprivredne
proizvodnje na nivou gazdinstva i na
nivou jedinice proizvoda moze imati
kontradiktorne rezultate. Usled rasta
veli¢ine specijalizovanih poljoprivred-
nih gazdinstava u nekoj od linija sto-
Carske proizvodnje dolazi do njihovog
sve veceg negativnog uticaja na Zivot-
nu sredinu, zbog koncentrisanog uti-
caja na manje podrucje. Medutim, is-
traZivanje koje je sproveo Hagemann i
drugi, 2011. godine pokazalo je da in-
tenzivna proizvodnja mleka ima manje
negativne uticaje na Zivotnu sredinu
ukoliko se nivo uticaja meri po litri pro-
izvedenog mleka.

U jednom broju istrazivanja (Dillon
i ostali, 2009; Van Calker, 2005) po-
kuSano je da se izvrSi integrisanje
odabrane grupe indikatora u jedan za-
jednicki (kompozitni) indikator, ali se
taj pristup nije pokazao korisnim. Raz-
lozi za to su lezali u medusobnom po-
tiranju indikatora iz pojedinih dimen-
zija odrzivosti. Kao primer moze po-
sluziti odnos indikatora odrzivosti zi-
votne sredine i ekonomske odrzivosti,
koji su visoko negativno korelisani, pa
se njihovi rezultati potiru u kompozit-
nom indikatoru.

ZAKLJUCAK

IstraZivanja sprovedena tokom
prethodne decenije oznadila su izme-
du ostalih i poljoprivredu, a u okviru
nje proizvodnju mleka kao klju€ni izvor
emisije gasova koji doprinose global-
nom zagrevanju. Zbog toga je proiz-
vodnja mleka i njena odrzivost na ni-
vou poljoprivrednih gazdinstava €esto
predmet istrazivanja u mnogim zem-
ljama.

Teznja poljoprivrednika da ostvare
viSi nivo dohotka, koji im omogucuje
Zivotni standard sli¢an domacinstvima
u nepoljoprivrednim sektorima, glavna
je pokretacka snaga za rast prose¢ne
veli¢ine poljoprivrednih gazdinstava.
Sa druge strane trend rasta cena hra-
ne utiCe i na zainteresovanost velikog
broja investitora za pokretanje proiz-
vodnje mleka sa ve¢im kapacitetima.
U naSem okruzenju postoji nekoliko
takvih primera poput: BD Agro (2.100
grla), kao i veci broj mlekara srednjeg
i veCeg kapaciteta, €iji kapaciteti proiz-
vodnje se mere od nekoliko stotina do
nekoliko hiljada grla. Povecanje kapa-
SUMMARY

citeta proizvodnje mleka neminovno
istiC¢e u prvi plan i potencijalne nega-
tivne ekoloSke posledice. Naravno, u
ovakvim uslovima i dimenzija drust-
vene odrZivosti trpi izvesne promene.

Koncept odrzivosti poljoprivredne
proizvodnje nije definitivan i njegov
dalji razvoj se o€ekuje u narednim
godinama. Metode koje su do sada
primenjivane mogu se grupisati u dva
polja: metode orijentisane ka merenju
opterecenja i metode usmerene na
procenu kreirane vrednosti. Drugoj
grupi metoda se daje operativna pred-
nost jer se omogucavaju sumiranje
vrednosti odabranih indikatora u je-
dinstvenu vrednosnu kategoriju. Osim
razvoja metoda, jedno od kljuénih po-
lja u primeni koncepta odrzZivosti, jeste
pravilan odabir kvalitetnih indikatora.
Pri tome je neophodna sistematska
analiza kvaliteta pojedinih indikatora.

Merenje i monitoring odrzivosti
proizvodnje mleka od posebne je vaz-
nosti za poljoprivrednike i kreatore
mera agrarne politike. Rast svesti po-
troSaCa, dodatno utiCe na prethodno
pomenute dve grupe da doprinesu po-
boljanju odrzivosti proizvodnje mle-
ka.
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projekta ,Unapredenje i razvoj higijen-
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APPROACHES TO SUSTAINABILITY OF MILK PRODUCTION
Rade |. Popovi¢, Marija Knezevi¢
University of Novi Sad, Faculty of Economy, Subotica, Serbia

Approaches, methods and indicators of dairy farm sustainability were examined in
this paper. The concept of sustainable development is not definitive and it will develop
in future period. As a consequence, used methods for sustainability assessment are
based on simplification of theory. Quality selection of indicators of economic, environ-
mental and social dimension of sustainability, as well as application of contemporary
methods, enable better measurement and monitoring of dairy farm sustainability.

Key words: farm « milk production
sustainability
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Traditionally, almost all white brined
cheeses are made from raw sheep's milk
or mixed sheep and goat, or cow and
sheep milk. Today there is a tendency to
change this and to produce cheese from
pasteurized and standardized cow's milk
and to add culture of lactic acid bacteria,
except to indigenous cheeses, which re-
quire the use of sheep milk and indigenous
culture. Given that the most indigenous
cheeses have a problem of uneven texture
and quality, the paper describes the type of
Sjenica cheese where all operations also
aimed to get a standard feature of cheese
in dairy industry. Technology is specific
compared to other cheeses: soft curd, for-
mation of curd are not the same as for
other cheeses, slowly and gradually sepa-
ration of the whey, there is no temperature
increase. In the first stage of whey draining
selfpressing occurs and in the second
phase there is slightly pressing forces
(shaking curd) or slightly load. Salting has
multiple roles in this group of cheeses, and
it consists of two parts: the first salting is
always dry salting, ripening in a brine, who-
se properties and concentrations of salt
depend on the quality of cheese.

Author address:

Prof. Dr. Anka Popovi¢ — Vranjes$, University of
Novi Sad, Faculty of Agriculture, Trg Dositeja
Obradovic¢a 8, 21000 Novi Sad, Serbia;
Phone: +381 63 7501364;

email: anka.popovic@gmail.com

PRODUCTION OF SJENICA CHEESE
TYPE IN INDUSTRIAL CONDITIONS

It was manufactured soft, full fat chee-
se (with a water content in fat-free matter
from 70,17 to 71,07%, and fat in dry matter
49,32 to 51,38%), the standard form
(triangular) and size (15x15x2-3 cm) and
the weight of the slices (300-330 g), color
white with a yellowish hue, closed texture
with small holes, typical mild sour-salty
taste with lactic acid flavour. Sensory eva-
luation placed cheese to the first and the
extra class, which also shows high quality
of cheese.

Key words: white cheese * Sjenica * stan-
dardized milk

INTRODUCTION

At the Sjenica-PeSter plateau is
organized production of Sjenica chee-
se from sheep's milk, Sjenica cheese
type from cow milk and mixed sheep
and cow milk. These cheeses are de-
clared as "Sjenica sheep cheese",
"Sjenica cow cheese" and " Sjenica
mixed cheese."

Sheep cheese is mainly produced
on farms. The geographical area in
which the production of Sjenica chee-
se is organized (the territory of the
Municipality Sjenica and part of the
territory of the Municipality of Tutin)
grow from about 35.000 to 40.000
sheep. Often this number is signifi-
cantly higher in summer period. Of the
total number of sheep only a small

number can not be milked (10-15%),
so the estimation of number of sheep
for effective production in this area is
from around 30.000 to 35.000 sheep.

Cheese production per sheep in
this area is in range from 10 to 12 kg,
which is about 300 to 350 tons of Sje-
nica sheep cheese per year.

Mixed cheese is produced in much
smaller quantities. It is estimated that
the production is about 50 to 70 tons
per year, mostly produced for a known
customer. Mixed cheese production is
mainly organized in farms.

Cow's milk cheese is produced in
small plants (dairies), registered dairy
workshops, as well as in farms. Chee-
se is produced from raw milk from dis-
tinctive geographical origin and by tra-
ditional technology.

In small dairies in Sjenica, cheese
is made in five facilities: "Sandzak-ko-
merc" about 120 t/year; "Beni-komerc"
about 150 t/year, "Turkovi¢" Sjenica
about 100 t/year; "Sjeni¢anka" about
80 t/year and "Fas" Sjenica about 50
t/year, which is in total about 500
t/lyear. From workshops and registra-
ted farms, cheese production is orga-
nized in: SZR "Sanac" Sjenica about
15 t/lyear; SZR" Sjenicki delikatesi"
about 5 t/year, Radoslav Vrani¢ farm
about 5 t/year and Jakup Selmanovi¢
farm about 5 t/year, which is in total
about 30 tons/year.
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Registered farms, which were not
included in the purchase of milk be-
cause of bed roads and small proces-
sing capacities, also produce cheese.
It is estimated that the annual produc-
tion of these farms is about 400 to 450
tons of Sjenica cow cheese.

Therefore, it follows that the cur-
rent annual production of Sjenica type
cow’s cheese in the territory of Sjeni-
ca-Pester plateau is about 900 to
1.000 tons, which is not a small
amount in terms of financial effects.

About Sjenica cheese, as "the
most famous Serbian white cheese",
Zdanovski wrote in 1947. Since then,
many studies about Sjenica cheese
has been made by authors: Dozet et.
al. (1996, 2004, 2006), MioCinovi¢ et.
al. (1982), Jovanovi¢ et. al. (2004),
Radulovi¢ (2004, 2005), Macej et. al.
(2006), Bogdanovi¢ et. al. (2004) and
others.

Sjenica cheese type has been pro-
duced from cow's milk, The Serbian
Pied races and Simmental cows, that
have long been kept on pasture
(which consists of plants with a spe-
cial composition and flavor). With re-
gard to cows feeding (greater part of
pasture and hay) and the environment
with special climate and other natural
conditions, the milk is of specially
good quality and has a great nutritio-
nal value. The cheese produced from
such milk in the future will certainly
have a high reputation and will have
the increased demand on the market.
Given that for satisfying dairy product
placements, standard quality is espe-
cially important, our research aim was
to ensure standardization of milk and
cheese production and maturation in
industrial conditions, which provides a
more rational production and greater
economic gains.

MATERIALS AND METHODS

Research included the recording
and slight modification of industrial
technology of Sjenica cheese in plant
Beni Komerc in the area of Sjenica.
The samples were collected from
standardized and pasturized milk du-
ring 10 days of production. After the
ripening of cheese, sensory evalua-
tion were performed by five-member
commission in terms of appearance,
colour, taste, smell and texture, accor-
ding to Havranek et al. 2003. Physico-
chemical properties of milk prior to
cheese making and cheese after ripe-
ning (30 days) included the following
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Figure 1. KEEPING ANIMALS ON PASTURE

Slika 1. DRZANJE ZIVOTINJA NA PASI

methods and analyses (Cari¢ et al.,

2000):

» Determination of dry matter in milk
and cheese using the standard
method of drying at 102 + 1 °C;

» Determination of milk fat in cheese
according to Van Gulik and in raw
milk by Gerber;

+ Determination of total nitrogen ac-
cording to Kjeldahl method,;

+ Determination of casein content in
milk by precipitation with acetic
acid and sodium acetate;

+ Determination of lactose content
(gravimetrically);

* Determination of milk density with
lactodensimeter;

* Determination of NaCl in the chee-
se, according to Mohr;

+ Determination of titratable acidity

Table 1.

according to Soxhlet-Henkel met-
hod;

» Determination of pH values using
a pH meter, model Senslon+pH1
Portable pH Meter, Hach Com-
pany USA.

RESULTS AND DISCUSSION

Main direction of livestock produc-
tion in Sjenica-Pester plateau is the
production of milk in order to improve
processing in cheese. Cattle are held
throughout the year in the stalls,
during the growing season are put out
to pasture every day. Keeping animals
on pasture is not only important in
terms of nutrition but also their health,
as reflected in the quality of milk
(Popovi¢-Vranjes et al., 2011)

PHYSICAL AND CHEMICAL PROPERTIES OF PASTEURIZED

MILK FOR PRODUCTION OF SJENICA CHEESE TYPE (n = 10)

Tabela 1. FIZICKE | HEMIJSKE OSOBINE PASTERIZOVANOG MLEKA ZA
PROIZVODNJU SIRA U TIPU SJENICKOG (n = 10)

Parameters / Parametri Min. Max. Average / Prose¢no
pH value / pH 6.68 6.76 6.72
Acidity (°SH) / Kiselost (°SH) 7.60 7.80 7.70
Density / Gustina 1.03 1.03 1.03
Fat (%) / Mle¢na mast (%) 3.00 3.30 3.15
Dry matter (%) / Suva materija (%) 11.76 11.89 11.83
Fat-free milk solids (%) 8.49 8.83 8.66
Protein (%) / Proteini (%) 3.36 3.42 3.39
Lactose (%) / Laktoza (%) 4.56 4.73 4.64
Casein (%) / Kazein (%) 2.81 2.89 2.85
Fat/Casein / Mle¢na mast/Kazein 1.07 1.14 1.10
Casein/Fat / Kazein/Mle¢na mast 0.94 0.87 0.90
Ash (%) / Pepeo (%) 0.73 0.72 0.73
Ca (%) 0.10 0.11 0.108
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Table 2. THE TECHNOLOGY OF MAKING SJENICA CHEESE TYPE
Tabela 2. TEHNOLOGIJA PROIZVODNJE SIRA U TIPU SJENICKOG

Milk

More important technological operations

1. Coagulation of milk

Figure 2.1. Coagulation of milk

Fresh milk is regularly received (filtering, aeration, measuring
and cooling) and stored. After completed analyses and confirma-
tion that the milk is suitable for making cheese, milk is sent to the
line of standardization and pasteurization, after which milk with the
temperature of 30-32°C is sent to cheese vat. Starter cultures for
white cheese and calcium chloride are added with mixing. After that
milk is left to mature for the biological acidity of 7.8 °SH. Then,
rennet is added (liquid microbial rennet, 4-7 ml/l). Coagulation time
is about 40-60 minutes.

2. Selfpressing and pressing

Figure 2.2. Selfpressing in cloths and molding

3. Selfpressing and pressing

Figure 2.3. Selfpressing of cheese only in hanging cloths

After coagulation, cheese curd without processing is put in
cloths (cheese making cloth) which form a clump during 0.5 to 1 h.
This is a variant that is used in some dairies.

In other dairies, for selfpressing cloths are placed in perforated
molds (plastic) and in such a complex are placed the curd. Then,
cheese curd is made by shaking with hands, with a little whey se-
paration.

Finally, in both cases, selfpressing and curd binding is perfor-
med without load. Pressing takes 1.5 to 3 h. In some dairies the
load is not used but in some slight load is used (0.5-2 kg/kg).

Figure 2.4. Selfpressing and forming clumps in bind cloths

4. Cutting

Figure 2.5. Curd is cut into triangular slices 15x15x5 cm

5. Salting

Figure 2.6. Salting is done with dry sea salt in the contai-
ners (a line of salt, a line of cheese)

6. Ripening

Figure 2.7. Left to mature for 20 to 40 days in the brine (salt whey)
and a cool (14-18°C).

7. Transport package

Figure 2.8. Transport package

Milk and cheese have certain cha-
racteristics that are influenced by na-
tural conditions and practices in bree-
ding of domestic animals in this area.
Physicochemical and chemical pro-
perties of the standardized cow's
cheese milk are shown in table 1.

For good quality of most cheeses,
milk must not have an elevated level
of acidity. Standardization of fat in soft
and hard cheeses is common at the
2.8 to 3.2% and for full-fat cheese with

a minimum of 45% fat in dry matter
should be around 3.0% (Popovi¢-Vra-
njes A., 2009). The ratio of casein to
fat is very important to maintain the
quality of cheese. When this ratio is
out of balance, the body of cheese is
too soft or too hard. Determined
fat/casein and casein/fat ratio in milk
and cheese was proper (1.07 and
0.94 respectivly).

Lactose does not contribute much
to cheese yield. As fermented sugar it

regulates the pH of milk and curd.
Minerals play an important role in milk
for cheese, especially Ca and Mg
salts, and phosphoric and citric acids.
Calcium (as phosphate) entrance into
the structure of the casein complex.
The established physical and chemi-
cal parameters show that cow's milk
has all factors suited for production of
Sjenica cheese type.
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Table 3. CHEMICAL COMPOSITION OF SJENICA CHEESE TYPE
Tabela 3. HEMIJSKI SASTAV SIRA U TIPU SJENICKOG

Statistical parameters /

Parameters / Parametri Statisticki parametri
Xiin Xnax Xaver. (N=10)

Fat (%) / Mleéna mast (%) 21.97 23.97 22.97
Proteins (%) / Proteini (%) 10.15 11.99 11.07
Dry matter (%) / Suva materija (%) 44.54 46.65 45.59
NaCl (%) / NaCl (%) 25 31 2.8
Moisture (%) / Voda (%) 55.46 53.35 54.40
FDM (%) / Mle€na mast u suvoj materiji (%) 49.32 51.38 50.38
MFFB (%) / Voda u bezmasnoj materiji sira(%) 71.07 70.17 70.62
pH value / pH 4.63 4.76 4.69
Acidity (°SH) / Kiselost (°SH) 58.32 60.05 59.18

FDM- fat in dry matter; MFFB- moisture on a fat free basis

Technology and characteristics of
milk processing in Sjenica area as in
many mountainous regions, is a tech-
nology in which are highlighted the si-
milarities, but also the specific pro-
duction of white brined cheeses.

Based on the recording that was
made in our research of production
technology in industrial conditions, in
table 2 are presented the characteris-
tics of production.

Sjenica cheese produced in indus-
trial conditions has a high moisture
content (54.40%). The water content
in the fat-free matter ranged from
70.11 to 71.07% with average 70.62%
on the basis of which can be classified
into a group of soft cheeses.

According to the average fat con-
tent in dry matter (50.38%), Sjenica
cheese produced in industrial condi-
tions can be classified into a group of
full fat cheeses.

Acidity and pH value of the cheese
was in a narrow range (4.63-4.6), and
it is characteristic of soft white cheese
in brine.

Cheese produced in industrial
conditions after ripening was bacterio-
logically safe and in accordance with
the Regulations given in ,Official Ga-
zette RS.”, No 72/10).

Based on the sensory assessment
and received scores it was concluded
that Sjenica cheese type had a typical
sensory characteristics. On the basis
of points scored, the cheese is placed
in the | (16.5-18.25 points) and Extra
Class (18.5-20.0 points).

Sjenica cheese type is characteri-
zed by flavour richness, sour, milky

Table 4.

CONCLUSION

Standardization of cow's milk (heat
treatment and adjusting the fat con-
tent) and applying of some slightly
modified operations of cheese produc-
tion, get a good quality of Sjenica che-
ese type from cow's milk, with stan-
dard properties. In this way it solves
the problems of continuous presence
of a large deviation of cheese pro-
perties, which are present in the
traditional production in the house-
holds.

The application of these technolo-
gies in the industrial conditions of Sje-
nica cheese type production has re-
sulted in better utilization of raw milk,
much safer health products, and hig-
her economic return.
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SENSORY ASSESSMENT OF SJENICA CHEESES TYPE PRODU-

CED IN INDUSTRIAL CONDITIONS, n =10

Tabela 4. SENZORNA OCENA SIRA U TIPU SJENICKOG PROIZVEDENOG U
INDUSTRIJSKIM USLOVIMA, n =10

Characteristics/ Karakteristike Max. Score / Min. Max. Average /
Max. rezultat Prose¢no
Appearance / Izgled 2 1.75 2 1.875
Colour / Boja 1 0.75 1 0.98
Cheese structure/ Struktura sira 2 1.5 2 1.70
Cut / Presek 3 2.5 2.75 2.69
Odour / Miris 2 1.5 2 1.77
Taste / Ukus 10 7.75 9.5 8.73
Total / Ukupno 20 15.75 19.25 17.75

and moderately salted taste, the ap-
pearance of mature slice of cheese is
a typical (triangular, height 1-2 cm),
cross section without holes (Figure 3).

Figure 3. THE APPEARANCE OF THE SJENICA CHEESE TYPE FOR

SENSORY ASSESSMENT
Slika 3.
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IZGLED SIRA U TIPU SJENICKOG PRIPREMLJENOG ZA
SENZORNO OCENJIVANJE

cheese with added value of milk pro-
duced in organic and self-sustaining
systems® financed by the Ministry of
Science and Technological Develop-
ment of RS, TR-31095.
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Bauman, ‘David P. Cvetanovi¢, Danica M. Glava$ Trbi¢, Mirela J. Tomas
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Tradicionalno, skoro svi beli salamureni sirevi se proizvode od sirovog ovcijeg
mleka ili od meSanog ovcijeg i kozjeg, ili ov€ijeg i kravljeg mleka. Danas je tendencija
da se to promeni, u potpunosti ili delimi¢no, i da se sirevi proizvode od pasterizovanog
standardizovanog kravljeg mleka te da se dodaju kulture kiselo mle¢nih bakterija, osim
za autohtone sireve, za koje je obavezno koriSéenje ovCijeg mleka i autohtone kulture.
S obzirom da je kod vecene autohtonih sireva prisutan problem neujednacenog
sastava i kvaliteta, u radu je prikazana proizvodnja sira u tipu sjenickog gde su sve
tehnolo$ke operacije tako usmerene da se dobije sir standardnih osobina u industrij-
skim uslovima u mlekarama na Sjenici. Tehnologija izrade je specificna u odnosu na
druge sireve: nezan gru$, ne vrsi se formiranje zrna kao kod drugih sireva, lagano i
postepeno odvajanje surutke, nema povecanja temperature sirne mase, u prvoj fazi
cedenja vr$i se samopresovanje a u drugoj fazi se forsira blago presovanje (protre-
sanjem grusa) ili blago opterecenje. Solenje ima viSestruku ulogu u ovoj grupi sireva i
ono se sastoji iz dva dela: prvo solenje je uvek suvo solenje a zrenje je u salamuri ili
slanoj surutki od Cijih osobina i koncentracije soli zavisi kvalitet sira. Proizveden je
meki, punomasni sir (sa sadrzajem vode u bezmasnoj materiji 70,17-71,07%, a masti
u suvoj materiji 49,32-51,38%), standardnog oblika (trouglast), dimenzija (15x15x2-3
cm) i tezine kriske (300-330g), bele boje sa Zuékastom nijansom, zatvorene teksture
sa malim rupicama, tipicnog blago mle¢no kiselo-slanog ukusa. Na osnovu postignute
ocene senzornih osobina, sirevi su svrstani u | i ekstra klasu, $to je takode jedan od
pokazatelja visokog kvaliteta ovog sira.

Kljuéne reci: beli sir « Sjenica « standarizovano
mleko
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Aktivnost bakterija mle¢ne kiseline je pro-
cenjena na osnovu promene pH vrednosti i
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NALAZ | AKTIVNOST BAKTERIJA
MLECNE KISELINE U AUTOHTONOM

SJENICKOM SIRU

uvoD

Jedan od najznacajnijih predstav-
nika autohtonih belih sireva u salamuri
je sjenicki sir koji se po tradicionalnoj
tehnologiji proizvodi isklju¢ivo na pla-
ninskim visoravnima Kkoji okruzuju
Sjenicu  (Sjenicko-Pesterska visora-
van), kao i na podrucjima opstina Novi
Pazar, Tutin i Prijepolje. Autohtono se
proizvodi od sirovog ovc€ijeg mleka, a
u tipu sjenikog sira od mesSanog
(ov¢ijeg i kravljeg) i kravljeg mleka.

Sjenicki sir ima dugogodi$nju tra-
diciju. Po autohtonoj tehnologiji proiz-
vodi se od ov¢€ijeg mleka u katunima ili
stanovima daleko od naseljenih pod-
ru¢ja za vreme ispaSe ovaca, od sre-
dine maja do kraja septembra. Mleko
se posle muze cedi i podsirava. Pod-
siravanje traje 2-3 €asa, a potom se
prebacuje u cedila i cedi bez optere-
¢enja. Cedenje traje 3-4 Casa, sir se
postavi na sirarsku dasku, opetereti
drvenim krugom i cedenje traje dodat-
na 3-4 ¢asa. Sirna pogaca (gruda) se
reze na Cetvrtaste komade, soli i slaze
u kace. Sir zri u slanoj surutki, a to-
kom zrenja je neophodno dopunjava-
nje kace 2-3 puta. Tokom zrenja sir se
sleze i formira kompaktno testo u ko-
me nema jasno odvojenih kriSki. Zre-
nje sira je minimum 90 dana.

Kao i kod ostalih sireva proizvede-
nih od sirovog mleka, kvalitet i senzor-
ni profil sjeni¢kog sira je prvenstveno
uslovljen specificnoS¢u geografskog
podrucja sa koga poti¢e, odnosno pe-
dioklimatskim karakteristikama okru-
Zenja, ali i tradicionalnom tehnikom
proizvodnje, koja iskljuCuje primenu
termic¢kog tretmana. Kako je supstrat
isklju€ivo sirovo mleko, to su proces
fermentacije i zrenja kod sjeni¢kog
sira uslovljeni isklju€ivo dinamikom
razvoja i aktivnoS¢u autohtone popu-
lacije bakterija mle¢ne kiseline (BMK).
Time se zajednica indogene mikroflo-

re BMK, koja se selekcioniSe iz pri-
rodne mikroflore sirovog mleka u da-
tim uslovima mikrosredine, proizvod-
nog okruzenja, i specificnom tehnolo-
gijom, mozZe smatrati jednim od glav-
nih faktora u odredivanju autohtonog
karaktera sjenickog sira (Bulaji¢ i
Mijacevic, 2007).

Sjenicki autohtoni sir se, s obzirom
na regionalno poreklo i specificnost
tradicionalne tehnologije moze smat-
rati zasebnim ekoloSkim entitetom
(Garabal, 2007) i veoma dinami¢nim
biohemijskim supstratom, koji tokom
proizvodnje, a posebno perioda zrenja
prolazi kroz zna€ajne promene, pre
svega kroz sukcesiju glavnih mikrob-
nih grupa bakterija mlecne kiseline, a
na osnovu njihove metabolicke aktiv-
nosti i evoluciju fizicko-hemijskih pa-
rametara kao Sto su pH, koli¢ina
ukupnog azota i rastvorljivih azotnih
materija, Ciji odnos karakteriSe obim
proteolize.

Cilj ovog rada jeste da se ispita
zastupljenost i dinamika razvoja auto-
htone populacije bakterija mle¢ne ki-
seline, a u odnosu na njihovu metabo-
licku aktivnost, kao rezultat interakcije
supstrata, mikroklimatskih faktora,
specifi¢nosti tehnologije izrade i fizio-
loSkog potencijala prisutne populacije
BMK i dinamika promene pH i koefici-
jenta zrelosti tokom perioda zrenja au-
tohtonog sjeni¢kog sira. Preliminarna
karakterizacija autohtonog sjenickog
sira u odnosu na navedene zadate
parametre daje rezultate neophodne u
sprovodenju standardizacije tehnolos-
kog postupka u cilju dobijanja tradicio-
nalnog proizvoda ujednacenog kvali-
teta uz oCuvanje biodiverziteta bakte-
rijskih vrsta povezanih sa ovim spe-
cificnim proizvodom.
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MATERIJAL | METODI

Materijal ispitivanja su predstavljali
uzorci sirovog mleka i sjenickog sira
tokom procesa proizvodnje i perioda
zrenja (7., 15., 30., 60. i 90.-ti dan
zrenja).

Za mikrobioloska ispitivanja 20 ml
(g) mleka, odnosno sira u razli€itim
fazama proizvodnje i perioda zrenja
homogenizovano je u 180 ml 2% rast-
vora Na-citrata primenom Stomahera
(Bag Mixer, Interscience), a potom su
pripremljena serijska decimalna raz-
blazenja sa puferisanom peptonskom
vodom. Odgovaraju¢e razblazenje je
preneseno na specificne podloge za
dokazivanje broja: termofilni laktoba-
cili na MRS agar (Merck) pri 37°C to-
kom 48h inkubacije u anaerobnim us-
lovima; mezofilne laktoke na M17
Agar (Merck) pri 30°C tokom 48h i
enterokoke na Kanamycin Aesculin
Azide Agar (KAA agar) pri 37°C tokom
24h inkubacije.

Za pracenje promene azotnih ma-
terija tokom zrenja sira primenjene su
slede¢e metode:

- Ukupne azotne materije po me-
todi Kjeldahl-u pomoc¢u Kjeltec
sistema (IDF standard
20B:1993)

- Rastvorljive azotne materije me-
todom po van Slyke-u i Hart-u
(Peji¢ i Bordevi¢, 1963).

Koeficijent zrelosti, kao pravi po-
kazatelj zrenja, odnosno stepena zre-
losti sira i intenzifikacije proteolitiCkih
promena u matriksu sira, odreden je
racunskim putem kao odnos rastvor-
ljivog i ukupnog azota.

REZULTATI | DISKUSIJA

Distribucija identifikovanih bakteri-
ja mle¢ne kiseline tokom procesa pro-
izvodnje autohtonog sjeni¢kog sira i
perioda zrenja od 90 dana prikazana
jeutabelama li 2.

Prema rezultatima prikazanim u
tabeli 1 laktokoke predstavljaju naj-
zastupljeniju grupu bakterija mlecne
kiseline, potom slede laktobacili i en-
terokoke. Povecanje njihova broja to-
kom procesa proizvodnje, pre svega u
fazi formiranja grude nije neocekiva-
no. Rezultat je prirodnog fenomena
prisutnog kao posledica intenzifikacije
njihova umnozavanja usled toga Sto
temperatura podsiravanja pogoduje
njihovom rastu, ali i kao rezultat fi-
ziCke retencije mikroorganizama u
grudi prilikom odstranjivanja surutke.
Sliénu prevalencu laktokoka laktoba-

Tabela 1. BROJ (LOG1o CFU/ML/G) GLAVNIH MIKROBNIH GRUPA (LACTO-
COCCUS SPP., LACTOBACILLUS SPP. | ENTEROCOCCUS
SPP.) BAKTERIJA MLECNE KISELINE TOKOM PROIZVODNJE
AUTOHTONOG SJENICKOG SIRA

Table 1. MICROBIAL SUCCESSION - CHANGES IN THE COUNTS (LOG
CFU/ML/G) OF THE MAIN MICROBIAL GROUPS OF LAB DURING
MANUFACTURING OF AUTOCHTHONOUS SJENICA CHEESE

Bakterije mle¢ne kiseline
Supstrat Lactic Acid Bacteria
Substrate Lactococcus Lactobacillus Enterococcus
Spp. Spp. Spp
Mleko 7,54+1,16 4,93+0,47 3,65+0,77
Milk
Grus 6,8310,91 4,93+0,76 3,79+1,10
Crude
Gruda 8,37+0,18 6,86+0,68 4,51+0,27

cila i enterokoka utvrduju Mijacevi¢ i
Bulaji¢ (2008) prilikom mikrobioloSke
karakterizacije autohtonog Sombors-
kog sira (tabela 2).

Tokom perioda zrenja laktokoke
se u najve¢em broju odrzavaju tokom
prvih 7 dana, kada je u matriksu sira i
najintenzivniji proces acidifikacije. Do
kraja perioda zrenja laktokoke se
odrzavaju u priliéno visokom broju,
mada je prisutan trend smanjenja
njihova broja kao posledica perma-
nentnog snizavanja pH vrednosti sira i
primenjene procedure soljenja, Sto se
negativno odrazava na stopu rasta
laktokoka. U prvih 30 dana zrenja,
populacija laktobacila je prisutna u pri-
licno konstantnom broju, a objasSnjenje
ovoga lezi u &injenici da je ova grupa
mikroorganizama, u odnosu na lakto-
koke, daleko otpornija na nepovoljne
uslove sredine kao $to su nizak pH,
visoka koncentracija soli, anaerobni
uslovi, i nedostatak hranjivih materija.
Enterokoke svoj maksimum postizu
30.-og dana zrenja, a populacija se
neznatno smanjuje do kraja perioda
zrenja. Karakteristi¢no za mnoge sire-

ve proizvedene od sirovog mleka jeste
da su enterokoke u prakticno kons-
tantnom broju prisutne tokom celog
perioda zrenja (Mas i sar.,, 2002;
Bulaji¢, 2007; Litopoulou-Tzanetaki i
Tzanetakis, 1992), Sto reflektuje njiho-
vu rezistenciju na nepovoljne uslove
(nizak pH, niska aw, visoka koncen-
tracija soli) ostvarene napredovanjem
procesa zrenja.

Aktivnost bakterija mle¢ne kiseline
predstavijena je kroz promenu pH i
koeficijenta zrelosti u matriksu sira to-
kom perioda zrenja od 90 dana. (ta-
bela 3). U sjeni¢kom siru, kao pred-
stavniku belih sireva u salamurim Koji
po teksturi pripadaju mekim sirevima,
odvijaju se intenzivni procesi fermen-
tacije kao posledica metabolicke aktiv-
nost bakterija mle¢ne kiseline Sto do-
vodi do acidifikacije supstrata i prome-
ne pH vrednosti. Tokom zrenja protei-
ni u siru se transformisu do produkata
nizih molekulskih masa koje u velikoj
meri definiSu senzorni profil i reolo$ke
karakteristike sira, a proteoliza jeste
jedan od najznacajnih biohemijskih
procesa u supstratu sira. Kao pokaza-

Tabela 2. BROJ (LOG1o CFU/G) GLAVNIH MIKROBNIH GRUPA (LACTOCOC-
CUS SPP., LACTOBACILLUS SPP. | ENTEROCOCCUS SPP.)
BAKTERIJA MLECNE KISELINE TOKOM PERIODA ZRENJA
AUTOHTONOG SJENICKOG SIRA

Table 2.

MICROBIAL SUCCESSION - CHANGES IN THE COUNTS (LOG

CFU/ML/G) OF THE MAIN MICROBIAL GROUPS OF LAB DURING
RIPENING OF AUTOCHTHONOUS SJENICA CHEESE

Period zrenja Bakteri_je ml_ec':ne kisgline
Ripening period Lactic Acid Bacteria
(in days) Lactococcus | Lactobacillus | Enterococcus
Spp. Spp. Spp.
7 8,76+0,66 7,86+0,68 5,15+0,63
15 7,91+0,39 7,86+0,75 4,64+0,65
30 7,47+0,80 7,5310,28 5,47%0,36
60 7,96+0,33 6,02+0,57 4,55+0,54
90 7,21+0,03 6,30+0,30 4,93+0,48
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telj stepena zrelosti, naj¢eSce se ko-
risti odnos sadrzZaja rastvorljivog azota
i ukupnog azota, parametar poznat u
literaturi kao koeficijent zrelosti.

Iz rezultata prikazanih u tabeli 3.
zapaza se intenzivna aktivnost bak-
terija mle¢ne kiseline u prvih 30 dana
zrenja, Sto je praéeno znagajnom pro-
menom pH vrednosti u matriksu sira.
Do kraja perioda zrenja, pH vrednost
se ne menja znacajno, dok se prome-
ne na proteinima intenziviraju, ¢ime se
udeo rastvorljivih proteina povecava i
kao posledica toga imamo i poveéanje
koeficijenta zrelosti sira. Prema litera-
turnim podacima, grupa mekih sireva
na kraju perioda zrenja pokazuje koe-
ficijent zrelosti od 13 do 20 (Jova-
novi¢, 1994; Petrovi¢, 1986; Madcej
1989; Mijacevi¢ i Bulaji¢, 2008), sto je
u dobroj korelaciji sa rezultatima pri-
kazanim u radu.

ZAKLJUCAK

Tokom proizvodnje autohtonog
sjeni¢kog sira zakljuéno sa formira-
njem grude, utvrdeno je povecanje
populacije laktobacila za 2 logio, a
laktokoka i enterokoka za 1 logio.

Tokom perioda zrenja, laktokoke
su najbrojnije u prvih 7 dana, popula-
cija laktobacila se odrzava na visokom
broju od 7 logio prvih 30, a potom nji-
hov broj neznatno opada, dok su en-
terokoke, kao rezistentni mikroorga-
nizmi u prakticno konstantnom broju
prisutne kroz Citav proces zrenja.

Aktivnost bakterija mle€ne kiseline
u odnosu na acidifikaciju supstrata
najviSe je izrazena u prvih 30 dana
zrenja, dok se proteoliticke promene

SUMMARY

Tabela 3. POKAZATELJ AKTIVNOSTI BAKTERIJA MLECNE KISELINE
KROZ KOEFICIJENT ZRELOSTI! | PH TOKOM PERIODA ZRENJA
AUTOHTONOG SJENICKOG SIRA

Table 3. THE ACTIVITY OF LACTIC ACID BACTERIA REPRESENTED AS
RIPENING COEFFICIENT AND PH VALUES DYNAMICS DURING
RIPENING OF AUTOCHTHONOUS SJENICA CHEESE

Rﬁjeer#i)r?gzyr)%r;]igd Koeficijent zrelosti pH

h Ripening coefficient pH value

(in days)
7 11,05+0,01 5,55+0,09
15 13,10£0,13 5,38+0,03
30 14,20+0,38 4,71+0,08
60 16,20+0,63 4,56+0,06
90 17,68+0,08 4,54£0,03

intenziviraju posle 30.-og dana zrenja,
$to je iskazano kroz poveéanje koefi-
cijenta zrelosti.
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NAUCNI RAD

UDK: 637.13:637.055:579.8

Mleko, kao jedna od osnovnih Zivotnih
namirnica u ishrani ljudi, mora da bude
proizvedeno po najviSim standardima kako
bi o€uvalo prirodne karakteristike. U tom
smislu, od velikog znacaja je higijena pro-
izvodnje mleka i njegove obrade posle mu-
ze. Efikasnost higijenskih postupaka pozi-
tivno uti¢e na bakteriolo$ku ispravnost mle-
ka, ¢ime je moguce izbeci neZeljene posle-
dice organoleptickih promena mleka.

U ovom radu prikazani su rezultati ispi-
tivanja uticaja primenjenih tehnolo$kih ope-
racija obrade na kvalitet mleka. Na farma-
ma razliite veli€ine ispitivane su promene
hemijskog sastava i fizickih osobina mleka
tokom hladenja. Bakterioloska ispravnost
mleka ispitana je utvrdivanjem ukupnog
broja mikroorganizama, sa posebnim osvr-
tom na psihrofilne i lipoliticke mikroorganiz-
me.

Kljuéne reci: sirovo mleko - lipoliticke
promene « higijenski kvalitet

Adresa autora:

Prof. dr Mihailo Ostoji¢, Univerzitet u Beogradu,
Poljoprivredni fakultet, Beograd.

Tel. +381 64 162 44 65,

e-mail: mostojic@agrif.bg.ac.rs

UTICAJ PRIMARNE OBRADE NA
LIPOLITICKE PROMENE U SIROVOM

MLEKU
UVOD

Po svom sastavu mleko predstav-
lja kompleksan fizicko-hemijski sistem
u kome se sastojci nalaze u ravnotezi.
Svaka promena pojedinih sastojaka
mleka utiCe na kvalitet, tehnoloSku i
prehrambenu vrednost proizvoda.

Kvalitet mleka mozZe da se tretira
sa tehnolodkog stanovista, u pogledu
organolepti¢kih svojstava i mikrobio-
loske ispravnosti. TehnoloSka vred-
nost i organolepticka svojstva kvaliteta
neposredno su vezana za hemijski
sastav mleka.

IstiCu¢i znacaj odnosa pojedinih
sastojaka u mleku ne sme se zane-
mariti potreba izbora sirovine u pogle-
du njegove mikrobioloske ispravnosti;
u suprotnom je ona ozbiljan nedosta-
tak i naj¢eSc¢i uzrok promena pojedinih
sastojaka mleka. Narocito pri nesme-
tanom razviéu mikroorganizama u
mleku transformiSu se pojedini sastoj-
ci, kao &to su laktoza, proteini i masti.
Pri tome nastaju nova jedinjenja, koja
mogu da promene hemijske, fizi¢ke i
senzorne osobine mleka.

Promene mogu da se jave i kod
hladenog mleka koje se duze vreme
drzi na nizim temperaturama. U tom
sluaju stepen hladenja mleka deluje
selektivno na mikrofloru, jer se vreme-
nom razvijaju samo odredene vrste
psihrofilnih mikroorganizama. Ovi mik-
roorganizmi skoro uop$te ne transfor-
misu laktozu, nego prvenstveno za
svoj metabolizam Koriste proteine i
masti iz mleka, $to dovodi do prome-
na ukusa i mirisa mleka.

Veliki broj masnih kiselina, koje
ulaze u sastav mle¢ne masti, daje joj
visoku bioloSku vrednost. Medutim,
zbog heterogenog sastava dolazi do
razliitih promena na mle¢noj masti.

Na primer, karakteristicno je za mas-
lac¢nu kiselinu da se odlikuje nepri-
jatnim i vrlo prodornim mirisom i uku-
som. Prisustvo ove kiseline u izuzetno
malim koli¢inama dovoljno je da
mleko poprimi miris i ukus uzeglosti.
Kod mleka i mle€nih proizvoda ova
pojava poznata je kao hidroliticka
uzeglost mle¢ne masti. Stepen uzeg-
losti moze biti slabije ili jaCe izrazen,
Sto zavisi od koncentracije i duzine
delovanja enzima (Deeth i Fitz-Ge-
rald, 2006).

Predmet ovih istrazivanja bio je
prou€avanje promena kvaliteta mleka
posle muze u zavisnosti od primenje-
nih postupaka obrade. Posebna paz-
nja je posvecena lipolitickim promena-
ma kvaliteta sirovog mleka.

MATERIJAL | METODI

Terenski deo istraZivanja je obav-
lien na malim, srednjim i velikim far-
mama, gde se mleko hladi i skladisti
na temperaturama od 0 do 4°C. Hla-
denje mleka je praceno promenama
temperature posle muze, pre i posle
postizanja Zzeljene temperature kon-
zervacije.

Na velikim farmama mleko je ispi-
tivano ujutru odmah posle muze i hla-
denja, a mleko dobijeno velernjom
muzom slede¢eg dana ujutru. Na
srednjim i malim farmama ohladeno
mleko je uzorkovano u jutarnjim i
vecernjim Casovima i analizirano u
roku od 24 Casa.

U ukupno 30 uzoraka ispitivane su
hemijske, fizicke, mikrobioloske i bio-
hemijske promene u sirovom mleku.
Hemijske promene mleka su pracene
utvrdivanjem koli¢ine mle¢ne masti,
suve materije i proteina standardnim
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metodama (Ostoji¢ i sar., 2008). Fi-
zi¢ke promene gustine, titracione kise-
losti i potenciometrijske kiselosti su
utvrdivane standardnim metodama
(Cari¢ i sar., 2000). MikrobioloSke
promene sirovog mleka su praéene
utvrdivanjem ukupnog broja i broja
psihrofilnih mikroorganizama, prisust-
va E.coli i broja lipolitickih bakterija
(Anon, 1980). Biohemijske promene
sirovog mleka su indirektno pracene
lipolitickom aktivnod¢u enzima preko
kiselosti mleéne masti (Pordevic,
1982).

REZULTATI | DISKUSIJA

Od proizvodnje do finalne potros-
nje mleka potrebno je ograniciti degra-
daciju hrane kroz odrzavanje "hladnog
lanca". Prema DEBD-u (2008) razliku-
je se pet faza u hladnom lancu, i to:

« faza hladenja u proizvodniji (hladenje
mleka na farmi),

» faza hladenja posle obrade mleka
(hladenje mleka u mlekari),

« faza hladenja u transportu (kontejner
za prevoz ohladenog mleka do
trgovine),

« faza hladenja u distribuciji (o€uvanje
proizvoda u vitrinama),

» faza hladenja u domacinstvu do
konzumiranja (hladenje u frizideru).

Faza koja je bila predmet naSeg
interesovanja je hladenje u proizvodniji
mleka. Neadekvatni postupci sa mle-
kom posle muze utiCu na njegov kva-
litet, ali njihov efekat je znatno nepo-
voljniji ukoliko uslovi pod kojima se
izvodi muza nisu odgovarajuéi (higije-
na vimena, muzaca, pribora i opreme,
i sli¢éno). Higijena muze primarno utice
na njegov kvalitet i dalje promene,
usled brojnih moguénosti kontaminaci-
je mleka mikroorganizmima iz okoline
Vukovié¢ i sar., 2007; Reli¢ i Vukovié,
2008; Reli¢ i sar., 2009; Reli¢ i Jez,
2010). Posle muze, postupci cedenja,
mesanja i skladiStenja mleka do pre-
daje mlekari Cesto se nestru¢no iz-
vode $to to dovodi do dodatnih oblika
pogorSanja kvaliteta ili pospeSivanja
promena kvaliteta izazvanih postupci-
ma muze (FAO, 1985; Ostoji¢, 2007).

Metodi hladenja mleka posle muze
Su poznati u teoriji i praksi kao dobar
nacin oCuvanja kvaliteta sirovog mle-
ka, za Sta je organizovanje sabiranja
mleka jedan od vaznih uslova. U ta-
beli 1 prikazan je hemijski sastav uzo-
raka mleka sa sabirnih mesta.
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Tabela 1. HEMIJSKI SASTAV SIROVOG MLEKA
Table 1. CHEMICAL COMPOSITION OF RAW MILK

Vreme .
sabiranja/ Broj Mlec¢na Suvg SMBM -
. uzoraka materija Non fat Proteini
analize mast A
) Number : Dry dry Proteins
Time of of Milk fat matter matter (m1/100 ml)
collecting/ samples | (MA00™D | 00 miy | (mis2oo mi)
analyses
Jutro/Morning 30 4,00 12,63 8,63 3,30
Vece/Evening 30 4,10 12,91 8,81 3,40
Prosek/Average 30 4,05 12,77 8,72 3,35

Iz tabele 1 uoCava se da su pro-
secne vrednosti svih ispitivanih para-
metara u uzorcima mleka imale nesto
veée vrednosti u mleku iz veclernje
muZe, u odnosu na uzorke iz jutarnje
muze. Vrednosti koje se odnose na
mleénu mast mogu se pripisati deli-
mi¢nom raslojavanju masti pri meSa-
nju jutarnjeg i veCernjeg mleka.

Primenom savremenih nacina hla-
denja mleka mozZe se uspesSno sacu-
vati njegov kvalitet pre prerade. Ovo
je posebno znacajno u cilju spreca-
vanja raslojavanja mle¢ne masti.

ku. To je u saglasnosti sa podacima
Dordevica (1982).

Rezultati ukazuju da, bez obzira
na veli¢éinu farme, postupci obrade
mleka bili su pravilno primenjeni i
ocuvan je kompozitni kvalitet.

U tabeli 3 prikazani su rezultati mi-
krobioloSkog ispitivanja uzoraka mle-
ka.

Podaci iz tabele 3 ukazuju na po-
vecéanje ukupnog broja i broja lipoliti¢-
kih bakterija posle me8anja mleka ju-
tarnje i ve€ernje muze. Ukupan broj
mikroorganizama ukazuje na izvesne

Tabela 2. FIZICKE OSOBINE SIROVOG MLEKA
Table 2. PHYSICAL PROPERTIES OF RAW MILK

Vreme Kiselost
ng';ﬁgéa/ uz%:gjka Zaprneqrerllslgska Viskozitet Kiselost masti
Time of Number of Volumetric Vls(ggilty pH 'A(‘%?_"t)y agigitt
collecting/ samples mass (oK)y
analyses
Jutro/Morning 30 1,031 2,373 6,83 7,00 0,364
Vece/Evening 30 1,031 2,051 6,87 6,60 0,281
Prosek/Average 30 1,030 2,120 6,85 6,80 0,323

Fizicke osobine mleka u ispitiva-
nim uzorcima prikazane su u tabeli 2.

Prema podacima iz tabele 2, fizi¢-
ke osobine mleka bile su u skladu sa
uslovima proizvodnije i potrebnom teh-
noloskom podesnosti za njegovu pre-
radu. Ispitivanje kiselosti masti uka-
zalo je na moguce lipoliticke promene
osobina mleka. Prema dobijenim re-
zultatima moze se konstatovati da je
kiselost mle€ne masti na nivou koji ne
ukazuje na lipoliticke promene u mle-

slabosti u odrzavanju higijenskih us-
lova, koje se u najvecoj meri odnose
na male farme. Uprkos izvesnom po-
vecéanju broja lipolitickih bakterija, pre-
ma podacima iz tabele 2 moze se
konstatovati da se njihova aktivnost
nije znacajno odrazila na povecanje
slobodnih masnih kiselina. Interesant-
no je napomenuti da se, nasuprot to-
me, broj psihrofilnih bakterija smanijio.
Misljenja smo da je to posledica pra-
vilnih postupaka sa mlekom posle mu-

Tabela 3. BAKTERIOLOSKA ISPRAVNOST SIROVOG MLEKA
Table 3. BACTERIOLOGICAL SAFETY OF RAW MILK

Vreme Broi
sabiranja/ ! UBB | Lipolititke . )
; uzoraka " Psihrotrofne bakterije
analize Number | E.coli Total bakterije Psychrophile
Time of ’ bacteria | Lipolytic Y p
. of - bacteria
collecting/ count bacteria
samples
analyses
Jutro/Morning 30 - 86.00 7.500 33.000
Vece/ Evening 30 - 123.500 8.000 28.000
Prosek/Average 30 - 104.750 7.250 30.500
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Ze i posebno brzine njegovog hlade-
nja.

Psihrofilni mikroorganizmi Siroko
su rasprostranjeni u prirodi i nalaze se
u vodi i zemljiStu, zbog €ega postoje
mnogobrojne i vrlo razli¢ite mogucno-
sti za kontaminaciju mleka ovim mik-
roorganizmima. Psihrofilni mikroorga-
nizmi u mleku prvenstveno razlazu
proteine i masti, dok mle¢ni Secer go-
tovo uopste ne transformiSu. Zbog to-
ga se reakcija mleka ne menja ili jed-
va primetno postaje alkalna. Medutim,
usled nastalih proteolitickih i lipolitickih
promena Cesto dolazi do promene
ukusa mleka.

Zbog svoje slabe termorezistent-
nosti psihrofilne mikroorganizme uni-
Stava temperatura pasterizacije. Mali
broj fakultativnih psihrofila, odnosno
psihrotrofa moze da prezivi tempe-
raturu pasterizacije i da kasnije u
mle¢nim proizvodima dovede do ne-
Zeljenih promena. Promenjen ukus
(gorak, zagoreo, uzegao) ne nestaje
pasterizacijom.

Lipoliza sirovog mleka je uzroko-
vana delovanjem lipaze mleka na mle-
¢ne masti koja je omogucena dos-
tupnim  mehanickim i/ili temperatur-
nim dejstvom na svojstvenu osetljivost
mleka (Deeth i Fitz-Gerald, 2006).
lako brzo hladenje mleka nakon muze
teZzi da spredi lipolizu, dogrevanje ili
ponovno hladenje moze da proizvede
ozbiljne reakcije (Slaghuis i sar.,
2007). Efekat mehanicke aktivacije
zavisi od prethodne temperature mle-
ka, ali i od temperature u toku me-
haniCke obrade, prirode mehanickih
postupaka i razli€itih karakteristika
mleka. Medutim, me3anje mleka na-
kon perioda skladistenja (4°C) moze
da proizvede poviSenu aktivaciju,
zbog povecane aktivnosti lipaze na
mle¢noj masti pod takvim uslovima.
Generalno gledano, to mogu da budu
znacajne posledice masinske muze i
delimi¢no neadekvatnog protoka mle-
ka kroz mlekovode. Zato je veoma
vazno da projektovane i postavljene
instalacije imaju radne karakteristike
koje izbegavaju ovakve negativne
efekte. MaSine za muzu koje stvaraju
turbulenciju mleka sa prisutnim vazdu-
hom, generalno dovode do stvaranje
pene i posebno su Stetni. Ovi uslovi
mogu biti u velikoj meri eliminisati
dobrim masinskim instalacijama, pra-
vilnim radom i redovnim odrzavanjem.
Tako se lipoliza moze izbe¢i.

Razumno je pretpostaviti da do
aktivacije lipolitickih procesa moze do-
¢i tokom produzenih perioda hladenja.
To je posledica ostrog ili preteranog

mesanja mleka ili velikih temperatur-
nih oscilacija. Medutim, uslovi za oz-
biljnu aktivaciju lipolize zavise i od br-
zine rada pumpi, dugih mlekovoda i
vremena skladiStenja mleka pre nje-
gove dalje obrade. Praksa je pokazala
dobre rezultate kod nekih mlekara
koje su primenile termizaciju mleka na
prijemu na temperaturi od 63° C za 15
sekundi (Couteauh, 2009). Tako je
doslo do inaktivacije indukovane lipo-
lize, Sto je potvrdila i mikrobioloSka
kontrola. Pored toga, poboljSana je
stabilnost sirovine, koje proisti¢u iz
ovog tretmana, a to nudi vecu fleksi-
bilnost u obradi i preradi.

Veliki broj masnih kiselina koji ula-
zi u sastav mle¢ne masti, daje joj viso-
ku bioloSku vrednost. Medutim, zbog
heterogenog sastava dolazi do razlici-
tih promena na mle¢noj masti. Poseb-
no treba pomenuti prisustvo masnih
kiselina s nezasi¢enim hemijskim ve-
zama, koje su pogodne za adiranje ki-
seonika, usled ¢ega dolazi do razla-
ganja i oslobadanja nekih masnih ki-
selina.

Naroc€ito u toku stajanja i lagero-
vanja mleka pod dejstvom fermenta
lipaze, koji proistice delom od mikro-
organizama, a delom od mle¢ne ¢e-
lije, razlaze se mle€na mast na glice-
rin i masne kiseline. Treba istaéi da
lipoliza mle¢ne masti ne ide nikada do
kraja, usled nastajanja masla¢ne kise-
line i nekih nizih masnih kiselina koje
su rastvorljive u vodi i spre€avaju da-
lie delovanje lipaze.

Pod dejstvom hladenja mleka mo-
Ze doci do kristalizacije globule masti,
Sto moze dovesti i do pucanja mem-
brane i oslobadanja te¢ne faze mle¢-
ne masti. Oslobodena mast postaje
hidrofobna i tezi da se aglomerira i od-
vaja od vodene faze. 1z ovoga se
moze izvuéi zaklju¢ak da neophodni
mehanicki i termicki tretmani mleka
mogu da imaju negativne posledice
aglomerirane mle€ne masti na povrsi-
ni mleka (Sharma i Rathore, 2010).
Najozbiljnija posledica promene mas-
ne globule je mogucnost delovanja
lipaze, Cija aktivnost je moguca i na
temperaturama blizu 0° C.

Promene na membrani masne glo-
bule omogucavaju kontakt izmedu
masti i lipaze. To se moze objasniti
mehanizmima delovanja. Prvi meha-
nizam odvija se pod dejstvom hlade-
nja mleka na temperaturu ispod 10°C,
a narocito kada se ono brzo obavlja
izmedu 0 i 5°C, kada je lipaza sa ad-
sorbcionog sloja masne globule neak-
tivna. Zato se ova aktivnost ¢esto na-
ziva spontana lipoliza. Obim even-

tualne degradacije je uslovljen znacaj-
nijim promenama membrane masne
globule. U normalnom mleku, rizik od
ove lipoliza je ograni€en, jer je lipaza
prakti€no inaktivirana. Kod mleka ne-
kih muznih Zivotinja, kao kod neuhra-
njenih krava ili hranjenih hranivima
prebogatih koncentratima, kod mleka
staromuznih krava ili obolelih od mas-
titisa, delatnost lipaze je visoka i hla-
denje mozZe da dovede do znacajnih
lipolitickih promena (Chazal i sar.,
1987).

Stepen lipolize je veoma nizak ka-
da je hladenje brzo (15 sekundi), a
veéi sa prose¢nim vremenom hlade-
nja od oko 25 minuta. Iz ovog razloga
potrebno je da se izabere najbolja
temperature u datim uslovima hlade-
nja. Takode, sukcesivho dodavanje
toplog mleka u mleko koje se ve¢ hla-
di mora biti propra¢eno odgovaraju¢im
nacinima njegovog mesanja, ¢ime se
maksimalno izbegava aktivnost lipaze.

Drugi mehanizam je vide znacajan
za preradu mleka, ali se pod odre-
denim uslovima mozZe aktivirati i u ob-
radi sirovog mleka. Pod uticajem me-
haniCke aktivnosti obrade (homogeni-
zacija) a zatim hladenja mleka, mem-
brana masne globule biva mehanicki
razorena i mast se razliva po plazmi
mleka. Tada dolazi do formiranja nove
membrane uz sadejstvo proteina koji
se uklju€uju u kazeinski matriks. Po-
red toga, usled povec¢anja broja mas-
nih globula, dolazi i do povecéanja niji-
hove ukupne povrSine pa je moguca
povecana agitacija lipazne aktivnosti.
Ovo poslednje je pospeSeno kada je
omogucen ulazak vazduha u mleko i
stvorena njegova pena. Osetljivost li-
paze na termicke tretmane je iskori$-
¢ena radi njene inaktivacije ili raza-
ranja. Ona se uniStava zagrevanjem
30 sekundi na 80°C. To znac¢i da pri-
menjena pasterizacija ne mora uvek
da ima potpune inhibitorne efekte.

Hladenjem mleka deo kalcijumfos-
fata koji je vezan za kazein se rastva-
ra. To dovodi do povecanja kalcijuma i
neorganskih fosfata u vodenoj fazi na
racun koloidne faze mleka. Konzervi-
ranjem mleka na 3-4°C 48 sati, ovo
povecéanje moze dosti¢i 10 do 20% za
kalcijum i 8 do 10% za fosfate (Coulon
i sar., 1991).

Ove fizi€ko-hemijske promene mo-
gu da imaju ozbiljne posledice u pre-
radi mleka, posebno u sirarstvu. Naj-
¢eSc¢e je to uzrok produzenoj koagu-
laciji mleka pod dejstvom siriSnog en-
zima. Posle toga se mogu primetiti
promene reoloskih karakteristika koa-
guluma. Gru$ je mekSi i krhkiji, a to
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oteZava njegovu mehani¢ku obradu.
Direktna posledica je zadrzavanje ve-
¢e koli¢ine vode od zZeljene posle pre-
sovanja sira. Takode su uoCene i po-
sledice uslova skladistenja na proiz-
vodnju UHT mleka (Panfil-Kuncewicz i
sar., 2005).

ZAKLJUCAK

Pored osnovnih uslova, kao $to su
odabir rase, uslovi smestaja, nacini is-
hrane, zdravstvena zastita mle¢nih gr-
la i drugo, u proizvodnji mleka veoma
su vazni nacin muze i postupak sa
mlekom posle muze. Na osnovu nasih
ispitivanja obrade mleka posle muze
na malim, srednjim i velikim farmama
moze se zakljuditi sledece:

- Posle muze, pa sve do prerade,
mleko je permenentno izlozeno ri-
zicima promene kvaliteta.

Promene kvaliteta mleka mogu da
budu hemijske, fizicke i mikrobiolo§-
ke. U naSim ispitivanjima nije kon-
statovana bitna promena kvaliteta
mleka.

Organizacija sabiranja mleka pod-
razumeva oc€uvanje njegovog kvali-
teta.Ovo se najbolje pokazalo kod
velikih farmi, dobro kod srednjih far-
mi, a sa delimi¢nim propustima kod
malih farmi.

Hladenje mleka odmah posle muze
je bilo kod velikih i srednjih farmi i to
na temperaturama ispod 4°C uz od-
govaraju¢e mesanje.

SUMMARY

Misljenja smo da se kod malih far-
mi nedovoljno posvecéuje paznja teh-
noloskim operacijama obrade mleka,
$to bi u narednom periodu trebalo ko-
rigovati. Mnogo viSe se posvecuje
paznja ustedi sredstava (neadekvatne
pokretne masine za muZzu, loSe hla-
denje mleka, neodgovarajuca higijena
i sliéno) nego ocuvanju kvaliteta mle-
ka.
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