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ABSTRACT

Phosphates have been approved for use in dairppi®g@rimarily to protect flavour. It is

also known that phosphates have antimicrobial pt@se The objective of this study was
to compare the effect of different phosphates imehsystem. This diploma work is aimed
to studying of the antimicrobial effects of emusily salts JOHA HBS, JOHA S9 and
SELF 690.

In addition, a panel of 6 gram-positivBtaphylococcus aureus, Bacillus subtilis, Bacillus
cereus, Bacillus brevis, Bacillus sphaericus, Mewocus luteysand 4 gram-negative
bacteria Escherichia coli, Serratia marcescens, Pseudomdhasescens, Salmonella
Typhimurium) were tested for their sensitivity atgsithe polyphosphates. Gram-positive
bacteria are generally more sensitive to phosphtites are gram-negative bacteria.
Growth was totally inhibited by 0.4% and 0.5% cantcation of phosphates for gram-

positive bacteria.

Keywords

JOHA HBS, JOHA S9, SELF 69Gtaphylococcus aureus, Bacillus subtilis, Bacillus
cereus, Bacillus brevis, Bacillus sphaericus, Maocus luteus, Escherichia coli, Serratia

marcescens, Pseudomonas fluorescens, Salmdngdt@amurium emulsifying salts

ABSTRAKT

Fosfor&nany byly schvaleny pro migé vyrobky k ochrah chuti a viné. Je znamo, Ze
fosforegnany maji antimikrobialni vlastnosti. Tato pracezabyva studiem antimikrobnich
vlastnosti tavicich soli JOHA HBS, JOHA S9, SELB.69

Predmétem studie bylo srovnat tento efekt na modelovéstésyu. Bylo srovnhavano 6
gram-pozitivnich bakterii Staphylococcus aureus, Bacillus subtilis, Bacillosreus,

Bacillus brevis, Bacillus sphaericus, Micrococcugeld a 4 gram negativni kmeny
bakterii Escherichia coli, Serratia marcescens, Pseudomdhasescens, Salmonella
typhi). Gram-pozitivni bakterie byly citl§Si nez gram-negativni bakterie. U gram-

pozitivnich bakterii bylist Uplré zastaven koncentracemi fosfémani 0.4 az 0.5%.
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INTRODUCTION

Processed cheese is produced by blending shreddethincheese of different types and
degrees of maturity with emulsifying agents, andhaating the blend under a partial

vacuum with constant agitation until a homogenoassns obtained.

Processed cheese was initially manufactured witaouemulsifying agent, but only after
the introduction of citrate, and mainly phosphatessemulsifying agents did the industrial
production practicable. The other step in manufactf processed cheese was combined
numerous types of cheese, and inclusion of othiey dad non-dairy products.

Phosphates are additives widely used in the foatlustny, mainly meat and dairy
processes, to protect flavour and increase bacteréh yields because of their water
retention and emulsifying capacities. They are gaherecognized as safe, and in the
cheese industry they are used to solubilise cal@amcasinate, sequestering calcium and
thus dispersing proteins. Calcium in the Ca-paminase complex of natural cheese is
removed by the ion.exchange properties of emulsifyiagents, solubilising the

paracaseinate, usually as Na-caseinate. [1]
Other beneficial effects provided by emulsifyingeats are:

- hydrating and swelling of proteins;
- emulsifying fat and stabilizing the emulsion;
- controlling and stabilizing pH;

- forming an appropriate structure after cooling. [2]

Although phosphates have never been classifiedn@miarobial agents, a number of

investigations have reported that phosphates hatimiarobial activity. [3,4,5,6,7,8,9]

Because phosphates have a potential to be antioatragents in foods, more information

about the antimicrobial effects of phosphates eded. [4]

The objective of the present study was to examihe antimicrobial effect of

polyphosphates allowed for use in dairy and praststeese productions.
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There were applied there types of emulsifying agent

1) JOHA HBS — mixture of polyphosphates (high amountmenomers in polymer
chain) and phosphates (monomers),

2) JOHA S9 - mixture of polyphosphates (low amountnainomers in polymer
chain) and phosphates,

3) SELF 690 — mixture of phosphates and orthophosphate

The aim of this work was to obtain data on the hitbry effect polyphosphates

(emulsifying salts) on different microorganisms.
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THEORY
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1 PHOSPHATES

A phosphate, in inorganic chemistry, is a salt lmbgphoric acid. In organic chemistry, a

phosphate, of organophosphate, is an ester of pbasgacid. [10]

1.1 Chemical properties

The phosphate ion is a polyatomic ion with the efogi formula PQ* and a molar mass
of 94.973g/mol; it consists of one central phospeastom surrounded by four identical
oxygen atoms in a tetrahedral arrangement. Thepblads ion carries a negative three
formal charge and is the conjugate base of thedyahphosphate ion, HRY which is
the conjugate base of;PlO,, the dihydrogen phosphate ion, which in turn & d¢bnjugate
base of HPO, phosphoric acid. It is a hypervalent moleculeodfihate is also an

organophosphorus compound with the formula OP {¢JR}, 12]

A phosphate salt forms when a positively-chargedatiaches to the negatively-charged
oxygen atom of the ion, forming an ionic compoukidny phosphates are not soluble in

water at standard temperature and pressure. [13]

In dilute aqueous solution, phosphate exists im fotms. In strongly-basic conditions, the
phosphate ion (PQ) predominates, whereas in weakly-basic conditiths, hydrogen
phosphate ion (HP) is prevalent. In weakly-acid conditions, the dihygen phosphate
ion (HoPQOy) is common. In strongly-acid conditions, aqueohegphoric acid (kPQy) is
the main form. [12, 13]

1.2 Partition of Phosphates

It is now well established that three forms of pgitawus exist, white, black and red
phosphorus. Behind this very simplified schemeljtseis much more complicated. In fact,
each of these three forms has itself several dhystanodifications and in many cases the

mechanisms of transformation are complex. [13]
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1.2.1 White Phosphorus

White phosphorus @ exists as individual molecules made up four atome tetrahedral
arrangement, resulting in very high ring strain amgtability. This transformation, which
is accelerated by light and heat, makes white pgirsis almost always contain some red

phosphorus and appear yellow. [13]

This form appears as a waxy transparent solid matiening spontaneously when in
contact with the oxygen of air. Soluble in sevelaksical solvents as benzene and carbon
disulphide, white phosphorus does not react wittewand can be easily stocked, melted
or transported when protected by a layer of wdthrs form is very poisonous, the lethal

dose being as low as 50 mg. [10]

White phosphorus is the most reactive of the tipteesphorus forms and reacts with most

of the elements. [14]

It oxidizes spontaneously and vigorously when intaot with oxygen, and also reacts with

carbon dioxine. In both cases the final produ&y3;:
P4+ 50, — P4O10
P, + 10CQ — P40+ 10CO

The process is highly exothermic and results infémeation of phosphoric acid of 80 to
90% purity. [3,15]

The reaction with oxygen has been extensively igated for some conditions, reduced

pressure of oxygen for instance; it is associatid avgreenish glow. [10, 16]

Figure 1 Structure of White Phosphorus [13]
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1.2.2 Red Phosphorus

Several processes can be used to transform whisppbrus into red phosphorus. This
transformation is accelerated if traces of iodine added to white phosphorus. To the
difference with the white form, red phosphorus does$ ignite when in contact with

oxygen and cannot be dissolved in the classicakstd of white phosphorus. [10, 12]

Figure 2 Structure of Red Phosphorus [13]

1.2.3 Black Phosphorus

The black form can be considered as a high-preskure of the white phosphorus.
Another way to produce black phosphorus is to leeatixture of mercury and white

phosphorus seeded with crystals of the black f¢id.

Black phosphorus in not soluble in the solventshef white form suggesting this form is
not molecular, but a polymeric arrangement. Is thest stable of the three forms of
phosphorus and is chemically the least reactive.ifstance, unlike white phosphorus, it

does not ignite spontaneously. [10, 17]
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Figure 3 Structure of Black Phosphorus [13]
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2 PHOSPATES IN FOOD

Phosphate not only plays a major role in human badita systems, especially in energy-
transfer systems, and bone growth and health, @lds the main component unit in
phosphate compounds that provide innumerable fumgtin the food industry. Phosphates
can aid processing or improve quality of many foadsluding meat, poultry and fish
products; processed cheeses. The baking industsythem in leavening systems, and soft-
drink manufacturers add phosphate to cola drinkeribance flavour. They work as
emulsifiers in dairy products. Their toxicologicptoperties are well known. Some of
them, especially high-polymer phosphates, havertaineantimicrobial action which has

been known since long ago. [11, 18]

The term “phosphate” refers to a salt of phosphaad. When many phosphate units are
linked together into a more-complex structure, teyby the name of “polyphosphates”.
[11]

2.1 Phosphates in Milk and Dairy Products

Some of the most important and oldest applicatmn®od phosphates are found in the
dairy industry, in which these flexible compounde ased for such diverse purposes as
protecting condensed, sterilized milk against agkatgpn, increasing the solubility of
dehydrated milk and whey powders, allowing productof novel dairy-based desserts,
and improving texture, melting and spread abilitpmcessed cheese. [3, 19, 20]

2.1.1 Phosphates in Fluid Milk Production

Type of milk the most commonly consumed in Czeclpu®déic is cow milk. It is the

reason why this discussion will emphasize the efiéphosphates on cow milk.

Bovine milks is a highly complex mixture of wat&4(to 88%), proteins (3 to 4%), lipids
(3 to 5%), carbohydrates (mostly lactose, 5%) amerals (0.5 to 0.8%). [3]

In contrast to most proteins in food systems, nadiseins are especially depended on
phosphates for structural integrity. Thug;—casein, the principal protein in milk, is a
phosphorylated protein that closely interacts wdkcium ionsog-casein is also unique in

that it exhibits bipolar clustering of polar andnAgolar residues. Therefore, there is a

hydrophilic, hydrated, charged, flexible zone ie tholecule and a hydrophobic, globular
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zone. The flexibility of the hydrophilic zone aceuas for the response a1 — casein to
changes in ionic environment, which are manifestedugh changes in molecular size,
and allows for binding of positively charged iorsspecially C&. In contrast, the
hydrophobic zone gives origin to intermolecularcgsastion and allows for interaction with
other casein molecules to bring about intermolecadgregation. When the charge of the
hydrophobic zone imsi—casein in reduced through the binding of calcionsiphosphate
groups, the size of the polar zone decreases amdeulting increase in molecular
interactions favours precipitation or formationroicelles. Bipolar characteristics are also
exhibited byasy—casein, which contains several phosphoryl selingears that make it the
most hydrophilic of caseins, and ficasein. This contains only one phosphoryl serine
residue and is the most hydrophobic among the mas&tabilization of milk casein
micelles is primarily contributed by the amphipbik-casein, a protein that contains no

phosphoryl residues and, therefore, is unaffecyechtcium ions. [3]

The hydrophobic zone ir-casein interacts with similarly hydrophobic zornasother
caseins. Research into the distribution of cageitmé micelles has shown that part of the
k-casein was located between micelles. Progresswueoval of intermicellarc-casein
indicated that 70% of the-casein was locate in the interior of the micellsrounded by

a- andp- casein and calcium phosphate, and that the remgad®% was between micelles.

Casein interacts with each other and with calcidrasphate to form spherical structures
known as micelles, which containg-, osr, B- andk-caseins in the general ration 3:1:3:1,
for total of approximately 92% protein, the balanmeing mostly calcium phosphate,
Micelles are composed of submicelles, which, imtare the result of interactions between
the hydrophobic zones of the various casein moéscyB]

Ester phosphate groupsdg-casein are responsible for the high solubilityia$ protein at
neutral pH values, so that neutralization of iorpb@sphate groups by calcium ions leads
to aszcasein precipitation because of increased hydioighimteraction between protein

molecules.
The casein micelle phosphate component consigtgooparts:

- Alayer of ionic bonds (63% of total phosphorus)
- An absorption layer (37%)

bound weakly through van der Waals forces. Theedattould constitute the colloidal

calcium phosphate. [3, 21]
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2.1.1.1 Phosphatesin Cheese Manufacture

Some of the most important and oldest applicatiohdood phosphates in the dairy
industry are in the manufacture of cheese, padrbulprocessed cheese, cheese spreads,
and related products in which the basic role ofgphates in emulsification, and in
manufacture of fresh cheese. [3]

Casein curd formation during cheese manufactuie psocess that involves electrostatic
forces among other factors. Changes in the chdrgdlk casein micelle surfaces may be
brought about by alterations in the ionic environingnd by lowering pH through direct-
acidification, through acid production by selecbedtterial starter cultures, or both, to give
“acid curd”. Among the acids approved for use iredi acidification (to pH 4.5 to 4.7) for
cheese production is phosphoric acid, which has feend to increase water holding
capacity (WHC) in such products as white brined anttage cheeses and to improve
flavour in mozzarella cheese of pH 5.4. On the otiend, precipitation of milk caseins
may also be induced without appreciable pH chabgesdding the enzyme rennet, hence

the terms “sweet curd” or “rennet curd”. [3]

Phosphates affect the rate of curd formation ducimgese making with rennet in diverse
ways depending on the type and concentration o$ete used. The shorter chain ortho-
and pyrophosphates have been shown to delay dritinhilk curd formation by rennet;

alterations in milk coagulum formation by the longhain polyphosphates. [3]

Addition of food phosphates to achieve increasetdyiin cheese making has a two-fold
economic impact because it may contribute to rediwaste treatment costs as well. These
yield increases were not attributable to greateovery of whey proteins (Table 1 and 2).
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Table 1 Composition of Curd Resulting from Manufmetof Cottage Cheese

With and Without SP&3]

Level 1° Level Z

Component Control 0.05% SPG Control 0.20% SPG
Total solids (%) 26.14 25.36 25.59 24.88
Fat (%) 4.80 5.15 5.27 4.33
Solids — not fat (%) 15.20 14.85 14.73 15.67
Total protein (%) 11.99 11.02 12.82 10.76
Casein protein (%) 11.72 10.69 12.48 10.39
Whey protein (%) 0.28 0.33 0.34 0.36
Lactose (%) 2.73 3.04 1.39 3.68
Ash (%) 0.48 0.79 0.52 1.%4
Phosphorus (mg/100ml) 163.94 235.05 150.86 381.01
Calcium (mg/100ml) 70.16 136.7% 66.81 240.9%

a

curd solids.

b

variations in fat content.

C

Significantly different from control (p<0.01)

All curd components except total solids are catad on the basis of 20% total

Total solids in skim milk was 10.33% for level Ada10.26% for level 2 because of
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Table 2 Composition of Whey Resulting from Manuteetof Cottage Cheese
With and Without SP&[3]

Level 1° Level 2

Component Control 0.05% SPG Control 0.20% SPG
Total solids (%) 6.78 6.72 6.68 6.98
Fat (%) 0.24 0.22 0.23 0.36
Solids — not fat (%) 6.54 6.50 6.44 6.62
Total protein (%) 0.55 0.51 0.51 0.48
Casein protein (%) 0.08 0.06 0.08 0.09
Whey protein (%) 0.46 0.45 0.43 0.40
Lactose (%) 5.34 5.30 5.24 541
Ash (%) 0.66 0.69 0.70 0.73
Phosphorus (mg/100ml) 73.93 75.99 75.53 87.24
Calcium (mg/100ml) 109.37 100.41 104.20 80.75

a

Means of 8 replications.

b Total solids in skim milk was 10.33% for level Ada10.26% for level 2 because of

variations in fat content.

C

Significantly different from control (p<0.05)

d Significantly different from control (p<0.01)
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Processed cheese are blends of various cheesesdheeated under continuous agitation
together with water, sodium chloride, and emulsifysalts, so as to melt the ingredients

and form a plastic, homogeneous mix that can melpech cooling. [3]

Chemically, the process consists of peptization padial solubilisation of casein as a
result of conversion from calcium to sodium caseindhese effects are contributed by
emulsifying salts, while a parallel physical phemmon takes place whereby the casein gel
is turned into a sol. The emulsion character offtha@ system is made possible increased
availability of soluble proteins, which are essahfor coating the largely increased fat

globule surface area brought about in the systesirbyltaneous heating and agitation.

Because the capacity of an emulsifying salt to tas®ein soluble depends to a large extent
on its ion exchange and calcium chelating propgrtimedium-, and long-chain

polyphosphates are among the preferred agent®aegs cheese making. [3]

2.2 Antimicrobial Uses of Food Phosphates

The literature on microbial effects of food phogglsas divided in two groups:

1) effects of phosphates on bacteria in laboratorjucelimedia;

2) effects of phosphate on microorganisms in foodesyst

In this work there were study the effects of ph@tps on bacteria in laboratory culture
media. [3]

2.2.1 Antimicrobial Uses of Phosphates in Dairy Products

The self-life of fresh, refrigerated pasteurizedkn$ limited by the eventual growth of
psychrotrophic microorganisms, particularly by memsbof the genus Pseudomonas, most
of which produce proteinases that cause detectdbllors in milk long before bacterial

numbers reach spoilage levels. [3]

Lactic acid starter cultures are essential in theydndustry for production of fermented
products and cheeses. An important factor in pegjwar and maintenance of dairy lactic
acid started culture is inhibition of phages. Thase cultures able to infect bacterial
cultures and provoke lysis of bacterial cells, tdesreasing the activity of the cultures to
such an extent that total batch failures may ocalihough very little is known about the

effect of phosphates on viruses in foods, phosghate used to induce resistance to phage
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infection in lactic starter cultures and for phagaibition or entrapment in milk and
commercial phage inhibitory media. Phosphates lads@ been used to preserve bacterial

cultures used in the dairy industry. [3]

Monosodium phosphate and sodium tripolyphosphates wiee most effective for single
cultures of Lactobacillus bulgaricus whereas monosodium phosphate and disodium
phosphate gave the best results with mixed cultafds Bulgaricusand Streptococcus
thermophilus In addition, trisodium phosphate was claimed tabitize the viable cell

count in fermented milk during storage. [3]

In opposition to the conclusions obtained in thel&s are that these researchers described
decreased acid production by culture Laictobacillus bulgaricusgrown in phosphate-
containing milk or in phage inhibitory medium thebntained phosphates. Moreover,
morphological changes in lactobacilli from bacillaiods to long chains were described

that could not be reversed upon single transferphiosphate-free skim milk medium. [3]
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3 IMPORTANCE OF PHOSPHATES ON MANUFACTURING
PROCESSING CHEESES

Processed cheese is manufactured from one or nidiee matural cheeses with added
emulsifying salts to give a prolonged shelf lifehelTbasic premise is to stabilize the
proteins that are normally affected already dunng or more of the cheese-making steps.
This is accomplished by rating and mixing cheeséb wome emulsifying salts. The
emulsifying salts serve to control the pH of thegassed cheese and to bind calcium so
that the protein can affectively stabilize the fahe most common components of the
commercial salt mixtures are phosphates, polypratsghand citrates, although compound
such as sodium potassium tartrate, complex sodidomigium phosphate, or
trinydroxyglutaric acid, could be used as well. Thareful selection of cheeses,
emulsifying salts and processing factors allows ingrocess cheeses of varied textures

suitable for many uses. [22, 23]

There are two major types of processed cheeses:

- Block cheese; this is a firm, slicing cheese witlelatively low moisture (40%) and
high pH (5.7 — 6.3). This type of processed cheasealso be produced in the form
slices.

- Cheese spread; this is a soft cheese with highestune content (50%) and a lower
pH (5.4 - 5.8) [2]

The use of a blend cheese base, such as lactiottagé cheese, to act as a Carrar for
herbs, vegetables or chopped cooked means is pyolaalspin-off from the use of
processed cheese in the same manner. Howeverydhts nothing that processed cheese
preparation are heat treated and this safe fronpubéc health standpoint, while on spite
of the low pH of the curds, the use of natural seeeurds could involve a public health

risk unless the product is keep under correctgefation. [25]

Processed cheese and cheese spread have trabjitomeal combined with other food such
as chopped ham, pickles, lettuce, chips, onionemedss, potatoes, carrots, coleslaw, etc.

Some types are smoked after cooking, as we caim $egure 4. [26]
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Processed cheeses are further classified intoreiffecategories depending upon the

ingredients used in their preparation. Althoughedeeis main ingredient, processed cheese

in not a fermented food. [27, 28]

The principal advantages of processed cheese cethflmnatural cheeses are:

Reduced refrigeration cost during storage and pr@mswhich are very important
in hot climates;

They are more stable than natural cheeses durorgg®, which results in less
wastage, a feature that may be especially importantemote areas and in
households with a low level of cheese consumption;

A certain amount of cheese which would otherwisedifiecult or impossible to
commercialize may be used, e.g. cheese with def@nsa

Better keeping quality, it means with less appadta@nges during the prolonged
storage;

Another reason is great diversity of type and istignof flavour, e.g. from mild to
sharp, native cheese flavour or specific spices;

They are attractive to children who generally do likee or appreciate the stronger
flavour on natural cheeses;

Adjustable packaging for various usage;

Suitability for home use as well as for snack nastats, for example in cheese
burgers, hot sandwiches, spreads and dips fofdads. [30,31]
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Figure 4
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Ingredients used in the manufacture of processeesHi29]
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3.1 Introduction — general characteristic

Natural cheese is one of the main ingredients usguocessed cheese manufacture. The
selection of the correct mixture of natural cheeggeedients greatly affects the texture and
flavour of the final product. Natural cheese, aeatgrof other dairy ingredients can be used
such as milk proteins, whey powders, cheese powdkns milk powder and anhydrous
milk. A further important ingredient group of thenelsifying salts, these are mixtures of
calcium chelating salts, usually phosphates, palgphates or citrates. Although these
salts are teemed “emulsifying salts”, they are s.gface-active components in the strict
sense. Various combinations of emulsifying salts ased to modify the texture and

melting properties of the finished processed chpesduct. [32]

Processed cheese was initially manufactured witteoutemulsifying agent: the first
attempt was as early as 1895, but only after thedaction of citrate, and especially
phosphates, as emulsifying agents did the induspriaduction of processed cheese

become feasible. [30]

Processed cheeses are characterised essentiallgorposition, water content and

consistency; according to these criteria, threenrgeoups may be distinguished: processed
cheese blocks, processed cheese foods and procelssede spreads. More recently
established sub-types of processed cheeses areespeal cheese slices and smoked
processed cheese, the first sub-type belong tadkegory of processed cheese blocks,

while the second could be either block or spre2d] [

Processing: Principles and techniques

The manufacturing procedure for processed cheas®ste of operations performed in the

following order:

- Selection of natural cheese;

- Calculation of the ingredients;
- Blending;

- Shredding;

- Addition of emulsifying agents;
- Thermal processing;

- Homogenization;
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- Packaging;
- Cooling;
- Storage. [30]

3.1.1 Selection of natural cheese

Proper selection of natural cheese is of the nmgbitant for the successful production of
processed cheese. Raw materials are ripened reheese and sometimes other type of
cheese which can be utilized for processed ché&esemelting basically all type of rennet

cheeses are suitable and sour milk cheese candeel.afihe best melting characteristics
are shown by hard and semisoft cheese types, atheny especially Chester due to the

specifically “fibrous” structure of the cheese md8§, 33]

Processed cheese quality, particularly taste awbdir, depends on proper natural cheese
selection. The most important criteria for cheeskection are: type, maturity, flavour,
consistency and structure, nature and charactbeaddditives, legal requirements.

The selection and combination of natural cheesgsager maturity is very important for

processed cheese production. [29, 33]

However, some cheese with wrong physical charatiesi can be used in processed
cheese manufacture, as it is possible to correch thy smart blending. On the other hand
natural cheeses with microbial defects they areafiotved to be selected for processing.
[29, 33]

3.1.2 Calculation of the ingredients

Formulation of the ingredients is made such a wayoabring a desired finished product
composition. Formulation is leaded to the basisabfand dry matter contents of natural

cheeses, including all mixed components, addedrwa®@ 33]
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Calculation of the batches

When considering the type and degrees of ripernglytical data for dry matter and fat in
dry matter of the raw material must be known ineort calculate the production batches.

The following sequence is possible:

a) Fixing the quantities in kg and % and additionte amounts for dry matter and fat
quantity.
b) Calculation of the theoretical fat content in drgitter according to

. me.100%
FiDM = ———

Mpar
c) Comparison of the theoretical FiDM with purposece aand eventual correction
with cream, butter, low-fat or non-fat dry matter.
d) Calculation of yield Y according to

y = Mou 10034
DM,

e) Calculation of the water to be added minus the mfaten the ingredients. Further,
the amount of condensate must be deducted. Thise valust be determined by
trials considering steam pressure, water contetihe@team, temperature, time of

heating and moisture content of product.

FiDM fat in dry matter

My fat quantity in kg

Mpwm dry matter quantity in kg

DM+ time of heating dry matter in s§29, 33]
3.1.3 Blending

The basic step in the manufacture of process chedskending raw materials. The raw
materials include the natural semi-mature cheesghofter structure, emulsifying salts,
and other ingredients. The recommended formulafiiorprocessed cheese block is 70-

75% mild cheese and 25-30% semi-mature or matuweseh On the other side, the blend
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for processed cheese slices must contain 30-40%gyobeese, 50-60 mild cheese, and
only 10% mature cheese. Influences are shown iteTalj29, 33]

Table 3 Influence of ripening degree on the melpnaress. [29, 34]

Factor Advantages Disadvantages

- Long intensive treatment
for protein digestion

required,;
- if melting time is too
- Good dispersion, short, then a high-
permit_ting a good viscosity, rubber-like
Young cheese emuIS|oQ of added dough can form;
butterfat;

- tendency for a plain, sour

- state of emulsion can be taste;
easily maintained during
melting of the product.

(short ripening)
- adheres easily to filling
machine;

- pH value must be
corrected,;

- slow dispersion.

- Soft, sponge-like melting
product with a mat
appearance;

Old cheese - Rapid dispersion,

(long ripening) pronounced to spicy tastg - has a tendency for

“oiling”;

\1%4

- low water binding
capacity.

Various other dairy and non-dairy ingredients aseduin the production of different
processed cheese types. Since the quality of nlaégroduct is influenced considerably by
all the components present in the blend, the na®sd components must also fulfil certain
qualitative requirements. The most frequently udedy ingredients are milk powder,
casein, whey products, and milk-fat products. Colnd flavour may be added together

with preservatives. [2, 29]

Milk powder is the dry form of skim milk. It contas not more than 1.5% fat and not more
that 5% surface moisture. It has excellent flavooujritional value, and functional
properties such as water binding, emulsificatiod goam formation. It is also called dry

milk, skim milk powder, and dried skim milk. Usirstsim milk powder for manufacturing
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leads to changes of colours namely in consequeraitakdi reaction. Especially, if total
content of lactose is over 6% in the final prod{@%]

Whey powder is the most common whey product. Whay be regarded as skimmed milk
less the casein. The casein protein is coagulateatiols or enzyme and is separated with
the fat to form the cheese and this leaves the wiey is rich in lactose and minerals
but also includes the serum proteins — the albunidepending upon the type of cheese
being formed, the whey may be “sweet” (from Chedalad Swiss type cheeses) or acid

(for example, from cream cheeses). [36]

3.1.4 Shredding

Shredding includes grinding of the components #natpossible to make a better contact
between emulsifying agents and blend ingredienti®r Ahat are all ingredients transferred
directly into a processing cooker. This operatian be performed in many ways; shredded
all ingredients alone, or in combination with otiregredients. [29]

3.1.5 Addition of Emulsifying Agent

The final phase in preparing the blend for processs addition of emulsifying agents.
Emulsifying agents are the most important in preedscheese production, where they are
used to provide a uniform structure. Generally, ypbbsphate application in the
emulsifying agent blend result in processed cheeifle superior structure and better
keeping quality compared to other emulsifying ageRhosphates and polyphosphates are

used to add in quantity of 2-3% w/w. [34]

The affinity of phosphate to calcium ions is in@ed in following order: NapPO, <
NaoHPO; < NaaH-P,0O; < NasHP,O7 < NaytP>,07 < NasPsOq [29, 34]
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3.1.6 Thermal Processing

Processing means heat treatment of the blend. Théne possible way, how to made it.
The first one is by direct steam and the second isnedirect steam, under a partial

vacuum and with constant agitation. There are fpes of cooking device:

1) Round (double-jacketed kettle, stainless-steelealgssf various size, fitted with
corresponding lids and fitting for direct steam aaduum);

2) Tube-shape (about 4 m long, fitted with one or miging worms).

If processing is carried out in a cooker, it medisgontinuously, the temperature reached
is 71 — 95°C for 4 to 15 minutes, depending on mamous parameters. This heating also
provides a pasteurization effect. In newly devetbpeoker, it is also possible to rich

higher temperature up to 140°C.

After continuous processing, the blend is sterliz¢ temperature 130 — 145°C for 2 to 3

seconds in a battery of stainless steel tubes3@2932]
Chemical, mechanical and thermal parameters uselteiese processing are listed in

Table 4.
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Table 4 Chemical, Mechanical and Thermal ParameateRegulating Factors in

the Cheese Processing Procedures [29, 34]

N Processed cheese| Processed cheese| Processed cheese
Process conditions _
block slice spread
Young to medium | Predominantly Combination of
Average of cheese| ripe, predominantly | young young, medium ripe,
young overripe
Water insoluble
Nitrogen as a % of 75 — 90% 80 — 90% 60 — 75%
total Nitrogen
Predominantly long,| Long structure- Short to long,
high molecular building, not creaming, e.g. low
Structure of : ) .
Emulsifying salt weight creaming, e.g. and medium _
polyphosphate, phosphate/citrate molecular weight
citrate mixtures polyphosphate
Water addition 10-25% (all at once 5-15% (all at once)  20-45%pprtions)
Temperature 80-85°C 78-85°C 85-98°C (150°C)
Duration of 4-8 min 4-6 min 8-15 min
processing
pH 54-57 5.6-5.9 56-6.0
Agitation Slow Slow Rapid
Milk powder or 5_12 %
whey powder
Homogenization None None Advantageous
Filling 5-15 min. The quickest 10 — 30 min.
possible
Cooling Slowly (10-12h) Very rapid Rapidly (15-30min)

3.1.7 Homogenization

Homogenization improves the consistency, structapeearance, and flavour of processed
cheese. For a consumer is the main point of vié@ese products, processed cheese, are
characterised by their flavour, texture and appeagaThe texture of processed cheese is

one of the most important factors for consumer2} [3
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3.1.8 Packaging
Processed cheese is usually packed and wrappanhindted foil in the form:

- tubes;

- cups;

- cans;

- cardboard;

- plastic containers;

- sausage form (usually smoking). [29]

Packaging materials having the ability to scredrauiolet light have been developed for
food products. Processed cheese in normal cell@heax-coated wrappers becomes
oxidized within 12 hours, and within 48 hours tbe slice became inedible. This process

can be stopped by addition of benzophenone. [37]

There are processed cheeses where the equilibeletive humidity is above that of
external climatic condition. The packaging mateti@n serves the purpose of protecting

from moisture loss. [38]

3.1.9 Cooling

The method and intensity of cooling depend on #yee tof processed cheese. These

methods are shown in Table 4.

3.1.10 Storage

After packaging, the cheese can be stored in astoldge until needed. Processed cheese

should be stored at temperature between 5 to JG%C.
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4 APPEARANCE OF MICROORGANISMS IN PROCESSED
CHEESE

Milk is extremely nutritious food. It is an aqueowslution of proteins, fats, and
carbohydrates containing numerous vitamins and raisieMilk has a pH of about 7.0 and

is an excellent nutrient source for humans and alsims well as microorganisms. [40]
Microorganisms are important in milk and dairy puots$ for free principal reasons:

- Pathogens or their toxins may constitute healtlaitzz
- Spoilage microorganisms or their metabolites mayseapoilage.
- Lactic acid bacteria and others may contributehm preservative of milk and the

production of desirable flavour and physical charastics. [41]

Over the centuries, fermented milk products hawiagd a key place in our diet. The
sour milks are typical examples of fermented miladucts. Buttermilk is made by adding
starter cultures dfactococcus lactisubsp.cremorisandLeuconostoc citrovorurto vats

of skim milk. The Lactococcusferments lactose to lactic and acetic acids, dm t
Leuconostoa@ontinues the fermentation to yield various alde&sydnd ketones, and the
compound diacetyl. These substances, especiallyetyia give buttermilk its flavour,
aroma, and acidity. For sour cream, the same psdsassed, except that pasteurized light

cream is the starting point. [40]

Cheese production begins when the casein curdlesf aailk. Usually this accompanies a
souring of the milk by.actococusbut the process may be accelerated y addingrreani
enzyme obtained from the stomach lining of a calie milk curd is essentially an
unripened cheese. It may be marketed as cottagseher pot cheese. Cream cheese also

is unripened cheese with a butterfat content dbu20 percent. [40]

To prepare ripened cheese, the milk curds are waginessed, sometime cooked, and cut
to the desired shape. Often the curds are salteaddioflavour, control moisture, and
prevent contamination by moulds. If Swiss cheest ibe made, two bacterial species
grow within the cheesé;actobacillusspecies, which ferment the lactose to lactic aandt
Propionibacteriumspecies, which produce organic compounds and gatlmxine, which

seeks out weak spots in the curd and accumulatesles, or eyes. [37, 40]
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4.1 Characteristics of bacteria

Gram-positive bacteria have cellular structure $amghan gram-negative bacteria. Gram-
positive bacteria are those that are stained daekdr violet by Gram staining, in contrast
to Gram-negative bacteria, which cannot retain #tain, instead taking up the
counterstained and appearing red or pink. The gdtiretained by a high amount of
peptidoglycan in the cell wall, which typically, tomot always, lacks the secondary
membrane and lipopolysaccharide layer found in gnagative bacteria. The

peptidoglycan can absorb the crystal violet, comigased to stain bacteria.

The main purpose of gram staining is to visuallfedentiate groups of bacteria, primarily

for identification. [42]

4.1.1 Staphylococcus aureus

Staphylococcus aurewsso known as golden staph is the most commonecatistaph
infections. It is a spherical bacterium, frequerlitiyng on the skin or in the nose of a
person. Approximately 20-30% of the general poputatare "staph carriers".
Staphylococcus aureusn cause a range of illnesses from minor skieciidns, such as
pimples, impetigo (may also be caused $ieptococcus pyogeneshoils, cellulitis
folliculitis, furuncles, carbuncles, scalded skymdrome and abscesses, to life-threatening
diseases, such as pneumonia, meningitis, ostedmyehdocarditis, toxic shock syndrome
(TSS), and septicaemia. Its incidence is from skt tissue, respiratory, bone, joint,
endovascular to wound infections. It is still onketle four most common causes of

nosocomial infections, often causing postsurgicalimd infections. [43,44]

Staphylococci are Gram-positive spherical bact&taphylococcus auredsrms a fairly
large yellow colony on rich mediunstaphylococcus aureus a facultative anaerobe and
opportunistic pathogerStaphylococcus aureus catalase positive (meaning that it can

produce the enzyme "catalase"). [44, 45]
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Figure 6Staphylococcus aure(i46]

4.1.2 Bacillussubtilis

Bacillus subtilisis a gram-positive, catalase-positive bacteriummaonly found in soil. It
has the ability to form a tough, protective endespallowing the organism to tolerate
extreme conditions. It has also been called “Hayllog” or “Grass bacillus”. It is bacillus

because the bacterium is rod shaped or bacilliethgdg7]

Bacillus subtilisis not considered a human pathogen; it may comi@®ifood but rarely

causes food poisoningBacillus subtilis produces the proteolytic enzyme subtilisin.
Bacillus subtilisspores can survive the extreme heating that éhafsed to cook food, and
it is responsible for causing rapines — a stickyingy consistency caused by bacterial

production of long-chain polysaccharides — in spabibread dough. [41]
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Figure 7Gram-stained Bacillus subtilig8]

4.1.3 Bacilluscereus

Bacillus cereudacteria are gram-positive, facultative aerobed, lkke other members of

the genusacillus can produce protective endospores. [49]

Bacillus cereus is responsible for a minority adddorne illnesses (2-5%). It is known to
create heavy nausea, vomiting, and abdominal peri@dnerally speakin@acillus food-
borne illnesses occur due to survival of the b#&dtepores when food is improperly
cooked. This problem is compounded when food ia thgroperly refrigerated, allowing
the spores to germinate. Bacterial growth resultsproduction of enterotoxin, and
ingestion leads to two types of illness, diarrread emetic syndrome. [49, 50]

A wide variety of foods including meats, milk, végleles, and fish have been associated
with the diarrheal type food poisoning. The vongtiype outbreaks have generally been
associated with rice products; however, other Btafoods such as potato, pasta and
cheese products have also been implicated. Foouimasxsuch as sauces, puddings, soups,
casseroles, pastries, and salads have frequendyg eriminated in food poisoning
outbreaks. [49, 50]
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Figure 8Bacillus cereug51]

414 Bacillusbrevis

Bacillus brevisis a gram-positive aerobic spore-forming bacitesnmonly found in soil,
air, water, and decaying matter. It is rarely asged with infectious diseases. The
antibiotics gramicidin and tyrocidine were firspligted from it. [52]
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Figure 9Bacillus brevig52]
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4.1.5 Bacillussphaericus

Bacillus sphaericuss a gram-positive aerobic spore-forming bacilBacillus sphaericus
is a naturally occurring soil bacterium that cafeetively kill mosquito larvae present in
water. Bacillus sphaericusas the unique property of being able to contro$quito larvae
in water that is rich in organic mattéacillus sphaericuss effective againsCulexspp.
but is less effective against some other mosqpéaiss. [53, 54]

Figure 10Bacillus sphaericu$s5]

4.1.6 Micrococcus luteus

Micrococcus luteugan be found in many places such as the humanskier, dust, and
soil. Micrococcusis generally harmless bacteriuiicrococcus luteuss gram-positive
cocci that are 0.5 to 3.5 micrometers in diametad asually arranged in tetrads or
irregular clusters. They are generally strict aesobnd can generally reduce nitraie.
luteusoxidises carbohydrates to g@nd water, and it does not produce acid from glaco
as well as it does not make arginine dihydrolasp-galactosidase. Soniicrococcusis
pigmented bacteria; for exampldjicrococcus luteusproduces yellow colonies and
Kocuria rosea (or more preciselyMicrococcus roseys produces redish colonies.
Micrococcusspecies are oxidase-positive, which can be usedistinguish them from

other bacteria like moS§taphylococcuspecies, which are generally oxidase-negativg. [56
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Figure 11Micrococcus luteufs7]

4.1.7 Escherichiacoli

Escherichia coliare bacteria that are commonly found in the lomégstine of warm-
blooded animals. ModEscherichia colistrains are harmless, but some, such as serotype
0157:H7, can cause serious food poisoning in humems are occasionally responsible

for costly product recalls. [58]

Escherichia coliare a rod-shaped, and are typically it in length.Escherichia coliis
gram-negative stains, and it is facultative anaesplbermenting sugars to produce lactic
acid and various other end produ@scherichia coli better known ag. coli, is one of the
most important model organisms and its genetics l@odhemistry have been closely
studied. [58, 59]

Virulent strains ofE. coli can cause gastroenteritis, urinary tract infestiaand neonatal
meningitis. In cases, virulent strains are alsopoasible for peritonitis, mastitis,
septicemia and Gram-negative pneumonia. Recenitythought that E. coli and certain
other food borne illnesses can sometimes triggeolse health problems months or years

after patients survived that initial bout. Foodgmming can be a long-term problem. [59]
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Figure 12Escherichia col{60]

4.1.8 Serratia marcescens

Serratia marcescenss a genus of Gram-negative, facultatively anaetotnd-shaped
bacteria of the Enterobacteriaceae family. [59]
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Figure 13Serratia marcescer|$1]
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419 Pseudomonas fluorescens

Pseudomonas fluorescehas multiple flagella. It has an extremely vetsathetabolism,
and can be found in the soil and in water. It isolfigate aerobe but certain strains are
capable of using nitrate instead of oxygen as al felectron acceptor during cellular

respiration. [62]

Figure 14Pseudomonas fluorescej@s]

4.1.10 Salmonella Typhimurium

SalmonellaTyphimurium is a rod-shaped, gram-negative baatenvhich belongs to the
Enterobacteriacadamily. It is able to change its phenotype andratee DNA to respond
to changes or stimuli for survival purposes. Thastbrium has gotten public interest since
last year. [64]

It is a food born pathogen, spreading through fand water. It can also adapt to survive
the cooking process and also has the ability tesctbhe gastric acid barrier (this is how

they enter the human intestine). [65]
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Figure 15Salmonellalyphimurium [65]
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ANALYSIS



UTB in Zlin, Faculty of Technology 46

5 EXPERIMENTAL PART

5.1 Used chemicals

Beef extract (Himedia, Bombai, India)

Peptone (Himedia, Bombai, India)

Sodium chloride (Lach-Ner, Neratovice, CZ)

Agar (Himedia, Bombai, India)

JOHA S 9 (BK Giulini Chemie, Ladenburg, Germany)
SELF 690 (Chemische fabric BUDENHEIM, Germany)

JOHA HBS (BK Giulini Chemie, Ladenburg, Germany)

5.1.1 JOHA HBS

Emulsifying salt with bacteriostatic effect for tlmeanufacture of processed cheese and

processed cheese preparations.

Composition: E 452 sodium polyphosphate, E 339 sodium phosp6éié7]

Table 5 Specification of JOHA HBS

P,Os5 content 69.0% + 1.0%

Specification
pH - 1%, slurry 6.0+ 0.5

Application:

When used at an appropriate addition rate, JOHA HWB&/ents the germination of

bacterial spores. The recommended addition rabetiseen 0.3 — 1.0% calculated on the
guantity of raw material to be processed. JOHA H8%&sed together with other JOHA

emulsifying salts. [66, 67]
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5.1.2 JOHA S9

Emulsifying salt for the manufacture of processdieese and processed cheese

preparations. [37]

Composition: E 452 sodium polyphosphate, E 339 sodium phosjjééie

Table 6 Specification of JOHA S9

e ) P,Os content 59.7+1.0
Specification

pH - 1%, slurry 90+0.3

Application:

The recommended addition rate is between 2.8 — &eulated on the quantity of raw
material to be processed.

5.1.3 SELF 690
Emulsifying salt for the manufacture of low-fat pessed cheese.

Composition: E 450 c orthophosphate, E 339 sodium phosphate [66]

Table 7 Specification of SELF 690

- . P,Os content 54.0
Specification

pH - 1%, slurry 8.4

5.1.4 SELF 690
Emulsifying salt is for the manufacture of low-fabcessed cheese.

Composition: E 450 c orthophosphate, E 339 sodium phosphate [66]
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Table 8 Specification of SELF 690

. ) P,Os content 54.0
Specification

pH - 1%, slurry 8.4

Application:

SELF 690 has a very good influence for dissolvihgroteins without creaming action.

5.2 Used equipments

Analytical balance (BA 110S, Kern)

Oast (STE 39/11, Chirana Brno)

Digester Varioklav H+P (Germany)

Sterilator (MEMMERT, model 100-800, Germany)
Biological oven TCH-54 (Laboratory instruments Rrph
Micropipettes (BIOHIT)

Biohazard Box Euroflow (Holand)
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5.3 Microorganisms

For determination of the antibacterial activity sjpem, an additional selected set of 6
gram-positive organisms and 4 gram-negative orgaisere used. The strains were taken
from the UPI FT UTB.

Gram-positive strains:
Staphylococcus aureus
Bacillus subtilis
Bacillus cereus
Bacillus brevis

Bacillus sphaericus

Micrococcus luteus

Gram-negative strains:
Escherichia coli

Serratia marcescens
Pseudomonas fluorescens

Salmonellaryphimurium
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5.4 Preparation of cultivating medium

* Preparation of Nutrient Broth

These strains of microorganisms were propagatedudnent Broth.

Ingredients:
> Beefextract..........cccoviiiiiiiiiiiiis e 3.0g/I
> Peptone........cooiiiiiiiiiii e, 5.0g/I
P NaCl...oooooice e, 5.0g/l
P H2O e, 1000.0ml
> pH (25°C) 6.8

These strains of microorganisms were spread omdliopedium and incubated aerobically

for 1-3 days at 30°C for Bacillus sp. and at 376Cthe others strains of organisms.
* Preparation of Plate Count Agar (PCA)

Characterization of PCA

Ingredients:
> Beefextract..........cccoiiiiiiiiiiiiiiis e 3.0g/I
> Peptone........coooiiiiiiiiiiii e, 5.0g/I
P NaCl...oooooocc e, 5.0g/l
) AV - S 15.0g/I
P HoOoiiiiiii e, 1000.0ml
» pH (25°C)6.8-7.2

* Preparation of saline

Saline is a general term referring to a sterileitsoh of sodium chloride in water. Saline
was prepared from 8.5g sodium chloride who was urdlumetric cupping-glass about

capacity 1000mis filled up with distilled aqua.
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5.5 Cultivation of microorganisms on agar plates

This method is used for determination minimum iftoity concentration. Minimum

inhibitory concentrations (MICs) are defined as thmwvest concentration of an
antimicrobial inhibitors that will inhibit the visle growth of a microorganism after
overnight incubation, and minimum bactericidal cemications (MBCs) as the lowest
concentration of antimicrobial agents that will yaet the growth of an organism after

subculture on media.
Preparation of agar is described in chapter 5.4.

After sterilization of agar in infusion bottles teabstance was poured by sterile method to
Petri dishes. Saline was poured into eight testsuh5 ml each and sterilized in digester.
One larger colony was always removed by sterilim@atulating loop and mixed into
saline. Than it was diluted by decimal system swaly that into each test tube putted by
micropipette 0.5ml of liquid from previous test &ulith new sterilized pipette tip.

For solid agar which contained different concemraiemulsifying salts, was putted by
micropipette 0.1ml of inoculum of different concextion and spread with sterile hook to

cover entire tray.

Dilution inoculum applied on trays was done sucly Wet it was possible to deduct newly
grown colonies microorganisms. In case of strorfgcefof salts there was used basic
inoculum. Trays were incubating by temperature 30=3for 24 - 72 hrs. After that time
there were grown colonies counted and it was astea inhibition effect of particular
salt. Used concentration of salts are given inet&plconcentration in 0% is given for the

control.

Each test was repeated twice.

Table 9 Concentration of salts

Concentration JOHA HBS JOHA S9 SELF 690
0.0 04gll 0 gl 0 g/l
0.1 1g/l 1g/l 1g/l
0.2 29/l 29/l 29/l
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0.3 39/l 39/l 39/l
0.4 49/l 49/l 49/l
0.5 59/l 59/l 59/l

From the number of colonies of microorganisms,radch dilution of inoculums it was

calculated value of CFU/ml.
This value indicates number of bacteria able tatereolonies.

Calculation of CFU/ml is expressed by a formula:

count of the colonies
CFU = .

dilution
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6 MAIN PURPOSE OF THIS STUDY

The objective of the present study was to examihe &ntimicrobial effect of

polyphosphates allowed for use in dairy and praststeese productions.
There were applied there types of emulsifying agent

1) JOHA HBS — mixture of polyphosphates (high amountmenomers in polymer
chain) and phosphates (monomers),

2) JOHA S9 — mixture of polyphosphates (low amountnainomers in polymer
chain) and phosphates,

3) SELF 690 — mixture of phosphates and orthophosphate

Emulsifying agents JOHA HBS and JOHA S9 is made B¥¢ Ladenburg GmbH,

Germany. SELF 690 is made by Chemische Fabrik Buglem Germany. Ten model
microorganisms were chosen: six gram-positive naigganismsStaphylococcus aureus,
Bacillus subtilis, Bacillus cereus, Bacillus brevgacillus sphaericus, Micrococcus luteus
and four gram-negative microorganismischerichia coli, Serratia marcescens,

Pseudomonas fluorescens, Salmoné&jfphimurium

The aim of this work was to obtain data on the bitbry effect polyphosphates
(emulsifying salts) on different microorganisms.

In the first series were tested some microorganidrasause it was necessary to find the

best model microorganisms, for this work.
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7 RESULTS AND DISCUSION

7.1 Table part

This test was made for finding the best microorgasi in the next applications. On the
agar plates were inoculated microorganisms in idiffedilution. In these tables there is
shown the antimicrobial effect for chosen microoigens. The results we can see in these

tables and on the photos in the Appendices 1, 2, 3.

Escherichia coli

Conceggl?tlon of JOHA HBS JOHA S9 SELF 690
0.1 0 0 0
0.2 0 0 0
0.3 0 0 0
0.4 0 0 0
0.5 0 0 0
Bacillus subtilis
Concentration of
salt JOHA HBS JOHA S9 SELF 690
0.1 XX 0 0
0.2 XX 0 0
0.3 XX 0 0
0.4 XXX 0 0
0.5 XXX 0 0
Micrococcus luteus
Concentiation of | joHA HBS JOHA S9 SELF 690
0.1 XX 0 0
0.2 XX 0 0
0.3 XXX XXX 0
0.4 XXX XXX 0
0.5 XXX XXX 0
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Bacillus sphaericus

Concentration of
salt

JOHA HBS

JOHA S9

SELF 690

0.1

0

0.2

X

0.3

XX

0.4

XXX

0.5

XXX

O|I0|0|0|O

O|I0|0|0|O

Serratia marcescens

Concentration of
salt

JOHA HBS

JOHA S9

SELF 690

0.1

0.2

0.3

0.4

0.5

oO|0|0|0|0o

o|O0|0|0|o

O|0|0|0 |0

Pseudomonas fluorescens

Concentration of
salt

JOHA HBS

JOHA S9

SELF 690

0.1

0.2

0.3

0.4

0.5

X | X | X|O|O

ellellelle]lle)

O 00O|lo|o

Staphylococcus aureus

Concentration of
salt

JOHA HBS

JOHA S9

SELF 690

0.1

0

0.2

0

0.3

0

0.4

XXX

0.5

XXX

(ellellellelle)

(ellellelleole)




UTB in Zlin, Faculty of Technology

56

Salmonella Typhimurium

Concentration of

JOHA HBS
salt

JOHA S9

SELF 690

0.1

0.2

0.3

0.4

oO|0|0|0|0o

0.5

oO|0|0|0|O

O|0|0|0 |0

XX
XXX

noneinhibition effect

slight inhibition effect

medium strong inhibition effect
very strong inhibition effect

Figure 16 Control Petri dish
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Figure 17 Petriho dish with JOHA HBS in concentmatof 0.5%

The microorganisms were inoculated in the sameeseze as a Figure 16.
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7.2 Evaluation effect of emulsifying salts

The way how the bacteriostatic effects were testatiowed in section 5.5.

7.2.1 Evaluation effect of emulsifying salts forStaphylococcus aureus

On the table number 15 are shown the dependerammoéntration of salts on CFU/ml.

Table 10 Growth inhibition aBtaphylococcus aurewad 37°C by different

emulsifying salt

Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/mI Log CFU/mI Log CFU/mI
0 10.775
0.1 10.725 9.136 10.008
0.2 10.625 0.049 9.901
0.3 10.641 0.021 9.371
0.4 0 0
0.5 0 0
12
10
£ 3
E 6 H Control
én 4 | JOHAHBS
2 SELF 690
0 mJOHASY

Concentration of salts
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Figure 18 Growth inhibition oBtaphylococcus aurewd 37°C by different
emulsifying salts

The both, 0.4 and 0.5% polyphosphates were sufitit@inhibit vegetative growth of the
organisms.

7.2.2 Evaluation effect of emulsifying salts forBacillus subtilis

Dependence of concentration of salts on CFU/mh@swvh on the table number 16.

Table 11 Growth inhibition dBacillus subtilisat 30°C by different emulsifying

salts
Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/mI Log CFU/mI Log CFU/mI
0 8.687

0.1 1.477 7.477 7.352
0.2 6.954 7477 7.332
0.3 6.812 7.301 7.267
0.4 6.301 0 6.740
0.5 0 0 0

Lower concentrations of emulsifying salts are abowto inhibit the growtrof Bacillus
subtilis. The both, 0.4 and 0.5% polyphosphates were seiffficto inhibit vegetative

growth of the organisms.
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0,3

Concentration of salts

0,5

z -
S
e —— H Control
o
g ————  MJOHAHBS
— SELF690
m JOHAS9

—
F J
-~ -~
01 02

0,4

Figure 19 Growth inhibition oBacillus subtilisat 30°C by different emulsifying
salts

7.2.3 Evaluation effect of emulsifying salts forBacillus cereus

Dependence of concentration of salts on CFU/mh@swvh on the table number 17.

Table 12 Growth inhibition oBacillus cereusait 30°C by different emulsifying

salts

Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/m Log CFU/m Log CFU/m

0 7.623

0.1 6.653 6.903 6.919
0.2 6.477 6.954 6.903
0.3 6.000 6.602 6.897
0.4 0 6.000 0
0.5 0 0 0
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H Control
W JOHAHBS
W SELF 690

Log CFU/ml
O N W ud ~ o

HJOHASS

0,2

0,3

0,4 0,5

Concentration of salts

Figure 20 Growth inhibition dBacillus cereust 30°C by different emulsifying

salts

Higher concentrations of polyphosphates were safitdo inhibit vegetative growth of the
organisms.
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Evaluation effect of emulsifying salts fbticrococcus luteus

Dependence of concentration of salts on CFU/mh@swvh on the table number 18.

Table 13 Growth inhibition d¥icrococcus luteusit 30°C by different

emulsifying salts

Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/mI Log CFU/mI Log CFU/mI
0 8.380
0.1 7.658 7.892 0
0.2 7.301 7.963 0
0.3 7.000 7.060 0
04 0 0 0
0.5 0 0 0
€
—
= m Control
o
3 m JOHAHBS
SELF 690
mJOHAS9
Concentration of salts

Figure 21 Growth inhibition aVicrococcus luteusit 30°C by different

emulsifying salts
The both, 0.4 and 0.5% polyphosphates were sufitit@inhibit vegetative growth of the

organisms. The emulsifying salt JOHA S9 totallyiloited the growth ofMicrococcus
luteus.
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7.2.4 Evaluation effect of emulsifying salts forBacillus brevis

On the table number 19 are shown the dependeramnoéntration of salts on CFU/ml.

Table 14 Growth inhibition dBacillus brevisat 30°C by different emulsifying

salts
Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/mI Log CFU/mI Log CFU/mI
0 8.7888
0.1 8.633 8.371 8.058
0.2 8.491 8.096 8.021
0.3 8.311 7.602 7.653
0.4 0 0 7.000
0.5 0 0 0
€
—
e m Control
o
g mJOHAHBS
SELF 690
mJOHAS9
Concentration of salts

Figure 22 Growth inhibition aBacillus brevisat 30°C by different emulsifying

salts

The both, 0.4 and 0.5% polyphosphates were sufitit@inhibit vegetative growth of the

organisms.
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7.2.5 Evaluation effect of emulsifying salts forBacillus stearothermophilus

On the table number 20 are shown the dependerammoéntration of salts on CFU/ml.

Table 15 Growth inhibition dBacillus stearothermophilugt 30°C by different

emulsifying salts

Concentration of SALT
salt JOHA HBS SELF 690 JOHA S9
(%) Log CFU/mI Log CFU/mI Log CFU/mI
0 7.6232
0.1 0 7.448 7.049
0.2 0 7.423 7.238
0.3 0 7.243 6.301
0.4 0 0 0
0.5 0 0 0
8
7
z 6
S 5
=4 m Control
g 3 m JOHAHBS
i SELF 690
0 mJOHAS9
Concentration of salts

Figure 23 Growth inhibition oBacillus stearothermophilust 30°C by different

emulsifying salts
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JOHA HBS inhibited all growth of the organisms. Thd and 0.5% polyphosphates were
sufficient to inhibit growth of the organisms.
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7.3 Evaluation effect of emulsifying salt JOHA HBS formicroorganisms

On the figure 24 are shown tested microorganisnadl ikoncentration of salt JOHA HBS in dependentdog CFU/mI.
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Figure 24 Emulsifying salt JOHA HBS
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7.4 Evaluation effect of emulsifying salt SELF 690 fomicroorganisms

On the figure 25 are shown tested microorganisnadl koncentration of salt SELF 690 in dependentéog CFU/m.
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Figure 25 Emulsifying salts SELF 690
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7.5 Evaluation effect of emulsifying salt JOHA S9 for nicroorganisms

On the figure 26 are shown tested microorganisnadl ikoncentration of salt JOHA S9 in dependencégrCFU/m.
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Figure 26 Emulsifying salt JOHA S9
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Discussion

Processed cheese is produced by blending shreddehincheeses of different types and
degrees of maturity with emulsifying salts, andh®ating the blend under partial vacuum
with constant agitation until a homogenous massbigsined. Emulsifying agents play the
major role in processed cheese production wheree thee used to provide a uniform
structure during the melting process. Phosphatdgatlyphosphates are most common in
quantity of 2-3% w/v. There were chosen three typesmulsifying salts: JOHA HBS,
JOHA S9 and SELF 690. These salts were appliederconcentration 0.1 to 0.5% w/v in
plate count agar.

Phosphates are used as additives, mainly in meadiany products, to improve quality of
these foods. The antibacterial properties of phatgshare also well known. In this work,

ten strains, six gram-positive and four gram-negatnicroorganisms were used.

The inhibition of ten microorganisms by three comerad phosphates (JOHA HBS, JOHA
S9, SELF 690) was investigated. Ten model micradsgas were chosei®taphylococcus
aureus, Bacillus subtilis, Bacillus cereus, Badllubrevis, Bacillus sphaericus,
Micrococcus luteus, Escherichia coli, Serratia mescens, Pseudomonas fluorescand
SalmonellaTyphimurium. The microorganisms were inoculateglate count broth with
phosphates at concentration 0.1; 0.2; 0.3; 0.4; @B (w/v). Inoculated plates were
incubated for 48 hours at 30 = 1°C. The minimalbitbry concentration (MIC) value was

determined.

JOHA HBS (Table 24) showed MIC values of 0.1% (W) Staphylococcus aureus,
Bacillus subtilis, Bacillus cereus, Bacillus brevidicrococcus luteusnd all strains were
inhibited completely with 0.5% (w/v) phosphatedBacillus sphaericusvas inhibited

completely with 0.1% (w/v).

JOHA S9 (Table 26) showed MIC values of 0.1% (W) Staphylococcus aureus,
Bacillus subtilis, Bacillus cereus, and Bacillusetis. The concentration of 0.5% (w/v)
was enough for S9 to suppress gram-positive migayvasm’s growth throughout the 48
hours incubationMicrococcus luteusvas inhibited completely with 0.1% (w/v).

SELF 690 (Table 25) showed MIC values of 0.1% (wiwm) Staphylococcus aureus,

Bacillus subtilis, Bacillus cereus, Bacillus brevidicrococcus luteusind all strains were
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inhibited completely with 0.5% (w/v) phosphateseTdest antimicrobial effect of this salt
was shown orStaphylococcus aureusThese results we can see on Tables 15-20, and on
Figures 16-24

For gram-negative bacteri&scherichia coli, Serratia marcescenss, Pseudomonas
fluorescens and Salmonella Typhimurium, no significant microbial inhibition by

phosphates was found. Appendices 1, 2, 3.
Other studies shown, that the polyphosphates hatumiarobial effects.

The growth ofListera monocytogenas low mineral medium such as brain-heart infusion
broth was inhibited by long chain sodium polyphaspk (SPP). Addition of polyvalent
metal ions, such as Mgor C&", to the SPP-containing medium reversed the growth

inhibition. Addition of SPP had little effect onayth of L. monocytogene$8]

The straight-chain polyphosphates with chain lerdtB, 13, 15, and 21 were inhibitory to
growth ofS. aureusl96E, whereas the BRsodium acid BRnd tetrasodium PPor the
cyclic phosphate (sodium tetrametaphosphate) hadeffect on the growth of the
organisms. The binding sites of the condensed ptatep favour metal chelating and
hence growth inhibition. In contrast, formation af chelate ring may be hampered
sterically in metaphosphates, and since the stalmfi complexes is generally influenced
by the chain length of the polyphosphates,R€tal complexes are less stable than longer-

chain phosphate. [9]

The other tests showed that microbiological analy®mumeration of viable cell counts,
mesophilic sulphite-reducing clostridia, coliformgasts and moulds) and sensory tests
were performed at regular intervals. The resultewsd that polyphosphates had a
beneficial effect on the shelf-life of the procebseheese spread tested in that thes
significantly reduced (P <0.05) the growth or sualirates of spoilage bacteria especially
of mesophilic sulphite-reducing clostridia. Polygpbates also beneficially influenced the
sensory, including textural properties of the expental processed cheese spread. All the
samples containing less then 1% polyphosphates exhasigns of butyric blowing
significantly earlier (P<0.05), during the both elerated shelf-life tests and regular
refrigerated storage did the products fortifiedhwit% polyphosphate. In conclusion, the
suitability of the long-chain polyphosphate forntida tested for shelf-life extension of

processed cheese spreads was demonstrated. [69]
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CONCLUSION

In this study were found these results:

- Gram-positive bacteria are more susceptible thamgregative bacteria to
inhibition by various polyphosphates.

- Bacillus sphaericugvas inhibited completely with 0.1% (w/v) JOHA HBS.

- Micrococcus luteusvas inhibited completely with 0.1% (w/v) JOHA S9.

- The best antimicrobial effect of SELF 690 salt waswn onStaphylococcus
aureus

- JOHA HBS, JOHA S9, SELF 690 showed MIC values @#0(w/v) forBacillus
subtilis, Bacillus cereus, Bacillus brevaad all strains were inhibited completely

with 0.5% (w/v) phosphates.

Moreover, the microorganisms we completely inhibibgy 0.5% polyphosphates, which
clearly indicated the usefulness of these polyphatgs for prevention of contamination

processed cheeses by these microorganisms.

In next studies is possible to apply this microoigas into the processed cheese and try
to find better concentration of the salts for tlesttantibacterial effect. It is necessary to
find the lowest concentration of salts for our tialife and especially for the life of our

children.
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Appendix 1 Evaluation effect of emulsifying saltd® HBS for chosen

microorganisms

Fig. 2 Petri dish with JOHA HBS in concentratidrOdl %

The microorganisms were inoculated in the sameesenpias a Fig. 1.



Fig. 3 Petri dish with JOHA HBS in concentratidrOd®2%

Fig. 4 Petri dish with JOHA HBS in concentratidrOi3%

The microorganisms were inoculated in the sameesesguas a Fig. 1.



Fig. 5 Petri dish with JOHA HBS in concentratidr0o%

Fig. 6 Petri dish with JOHA HBS in concentratidr0db%

The microorganisms were inoculated in the sameesenpias a Fig. 1.



Appendix 2 Evaluation effect of emulsifying salt® S9 for chosen

microorganisms

Fig. 8 Petri dish with JOHA S9 in concentratiorDd%

The microorganisms were inoculated in the sameesenpias a Fig. 1.



Fig. 9 Petri dish with JOHA S9 in concentratiorDd3%

Fig. 10 Petri dish with JOHA S9 in concentratidrd @l %

The microorganisms were inoculated in the sameesenpias a Fig. 1.



Fig. 11 Petri dish with JOHA S9 in concentratidrdb%

The microorganisms were inoculated in the sameesenpias a Fig. 1.



Appendix 3 Evaluation effect of emulsifying saltlSE690 for chosen

microorganisms

Fig. 12 Petri dish with SELF 690 in concentratadr®.1%

Fig. 13 Petri dish with SELF 690 in concentratadr®.2%



The microorganisms were inoculated in the sameesenpias a Fig. 1.

Fig. 14 Petri dish with SELF 690 in concentratadr®.3%

Fig. 15 Petri dish with SELF 690 in concentratadr®.4%

The microorganisms were inoculated in the sameesesguas a Fig. 1.



Fig. 16 Petri dish with SELF 690 in concentratadr9.5%

The microorganisms were inoculated in the sameesenpias a Fig. 1.
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Vliv pfidavku réiznych druhi tavicich soli na rist vybranych mikroorganizmi

) Leona Cechovd, Adéla Novdkovd, Frantisek Busika
Ustav potravindfského infenyrstvi, Fakulta technologickd, Univerzita Tomdse Bati ve Zling,
’ Ceskd republika

Pro dosaZeni jemné a homogennf struktury bez separace vody, tuky a proteind je pH
vyrobé tavenych syri nutny pifdavek tzv. tavicich soli (2-3 % w/w). V praxi s¢ pouZivaji zejiména
sodné soli fosfitd a polyfosfatii. KliCovou (lohou tavicich soll je upravit podminky v tavené
smésj tak, aby kaseinové frakce mohly uplatnit své emulgacni vlastnosti. OdStépeni vapenatych
jontt z kaseinovych frakei (fosfity maji vy33i afinitu k vépenatym iontim) a jejich vyména za
jonty sodné ma za nésledek proces, kdy nerozpustny parakaseinan vépenaty je pfeménén na
rozpustnéj$i parakaseinan sodny. Afinita fosfath k vdpenatym iontim roste s jejich kondenza&nim
stupndm a s teplotou systému. Fosfitové tavici soli jsou deddvény jako smési orthofosfatd,
difosfatd a polyfosfatd v rizném kondenzaénim stupni. Schopnost vazby vapenatych ionth mize
mit potencial i zhlediska antimikrobiglnich vlastnosti, nebot' vapenaté ionty mohou stabilizovat
bunéénou sténu mikroorganizmi.

Byly vybrény tfi druhy tavicich soli: (1) HBS — smés polyfosfitl s vysokym
kondenzaénim stupném a orthofosfitd; (2) S9 — smés polyfosfatd (niZif stuped polymerace neZ
HBS) a orthofosfati; (3) 690 — smés orthofosfati a difosfatd. HBS a S9 vyrdbi BK Ladenburg
GmbH, Némecko; 690 produkuje Chemische Fabrik Budenheim, Némecko.

Vybrané druhy tavicich soli byly pfidédny do kultivaéniho média {Mueller-Hinton agar)
v koncentracich 0,1 % (w/v) aZ 0,5 % (w/v). Na takto pfipravené pidy byly otkovény nasledujic
mikreorganizmy: Escherichia coli, Salmonella Typhimurium, Serratina marcescens,
Pseudomonas aeruginosa, Staphylococcus aureus, Micrococcus luteus, Bacillus cereus a Bacillus
subrilis. Vysledky byly odeéteny po 48-hodinové inkubaci pii 30 °C.

Z vybranych tavicich sol{ plsobila nejvice antibakteriaingé HBS, kterd (linkovala na
grampozitivnl mikroroganizmy pfi koncentraci 0,3% a vy8Sich, antibakteridlni 0Cinky na
gramnegativni bakterie nebyly u této soli zaznamendny. U zbyvajicich dvou tavicich soli byly
zaznamenany minimalni inhibicni 0dinky pa rist vybranych bakterii, Mimé antibakteridlni
udinky vykazovala siil 89 pfi vy3%ich koncentracich pouze na riist Micrococcus futeus. Vysledky
naznadujf, e &im vice obsahuji tavici soli polyfosfati s vysokym kondenzaénim stupném, tim je
vét3i antibakteridln{ aéinek. ]

Podékovanl: Tato price vznikla za podpory prejektu MSMT: MSM 7088352101.
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Uvod Vysledky

% Firo dosaseniismns a'h o g ————— kontrolni vzorek

ro dosaZeni jemné a homogenni struktury je pfi vyrobé tavenych syru s &

nutny pridavek tzv. tavicich soli (2-3 % wiw). V praxi se pouzivaji zejména bez taY".:lCh_SOI'
sodneé soli fosfatl a polyfosfatu. Escherichia coli

+ Fosfaty a zejména polyfosfaty odstépuji vapenaté ionty z kaseinovych frakci

= e 2 A ) N Bacillus Salmonella
(ft.Jsfaty maji vyssi qflnltu k vapen?)j{n tontum).. Nerozpu#ny parakaseinan sublils Typhimurium
vapenaty je preménen na rozpustnejsi parakaseinan sodny.
+ Afinita fosfatl k vapenatym iontim roste s jejich kondenzacnim stupném
a s teplotou systému. Micrococcus Staphylococcus
luteus aliELEs

+ Schopnost vazby vapenatych iontl miZe mit potencial i z hlediska
antimikrobialnich vlastnosti, nebot vépenaté ionty mohou stabilizovat
bunécnou sténu mmmrganlzmu
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kaneemramcﬁ i

ych pol UE
kratsich polyfosfém a arthofostéhJ) 690 (smés nebyly U této soli zaznamenany.
HEOSic A + U zbyvajicich dvou tavicich soli byly zaznamenany prakticky zanedbatelné
+ Tavici soli pridany do kultivacnino media inhibicni Ucinky na rist testovanych bakterii.
(Mueller-Hinton agar) v koncentracich 0,1 % a2

<+ Mirné antibakterialni ucinky vykazovala jesté sul S9 pri vyssich koncentracich, a

0,5 % (wiv). S——

to pouze na rust Micracoccus luteus.

+ Na piidy bylo otkovano § mikroorganizmd. + Vysledky naznatuji, 2e ¢im vice obsahuji tavici soli polyfosfatu s vysokym
+ Vysledky odecteny po 48 hodinach inkubace kondenzacnim stupném, tim je vétsi antibakterialni ucinek.

pii 30 T. ' '

Tato prce vznikla za podpory projektu MSMT: MSM 7088352101,
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plakdt - potraviny a probiotikea

Vliv vybranych fosfatovych tavicich soli na rist bakterii druhu
Staphylococcus aureus a rodu Bacillus

Buiikovd L., Novdakovd A., Buiika F.

Ustav potravind¥ského infenyrstvi, Fakulta technologickd, Univerzita Tomdse Bati
ve Zling, ndm. T.G.Masarvka 275, 762 72 Zlin

Sodné soli fosfati jsou tavici soli pouZivané v technologii vyroby tavenych syri, Je-
jich zdkladni \i¢inek spociva ve schopnosti od§tépeni vapenatych iontd z kaseinové
matrice pifrodnich syri a jejich nahrazeni ionty sodnymi. Tavici soli se davkujf
v mnoZstvi 2-3 % w/w. Schopnost fosfal vizat vipenaté ionty roste s jejich kon-
denzadnim stupném a s teplotou systému. Byly vybrdny (fi tavic{ soli: 690 — smé&s
orthofosfitl a difosfat; S9 — smés polyfosfiti a orthofosfath; HBS — smés po-
lyfosfdtl s vysokym kondenzaénim stupn&m (vy33{ stupefi polymerace ne? S9)
a orthofosfitd. Vybrané druhy tavicich solf byly pfiddany do média (Mueller-Hinton
agar) v koncentracich 0,1-0,5 % (w/v). Na takto pfipravené plidy byly o&kovany mi-
kroorganizmy: Staphylococcus aureus, Bacillus cereus a Bacillus subtilis. Vysledky
byly odelteny po 48h inkubaci pfi 30°C. Z vybranych tavicich soli plisobila nejvice
HBS, ktera uinkovala na viechny 3 kmeny bakterii pii koncentraci 0,3% a vy§3f.
Pri téchto koncentracich nebyl zaznamendn rist bakterii. U zbyvajicich dvou ta-
vicich solf nebyly zaznamendny vyznamné inhibién{ G&inky na réist Staphylococcus
i Bacillus. Mirné antibakteridln{ iéinky vykazovala il S9 p#i vy&§ich koncentracich
na rist S, aureus a B. cereus, kde doslo ke sniZeni poctu bakterif, aviak ke striktn{
inhibici riistu nedoglo. Vysledky naznalujf, Ze &fm vice obsahuji tavici soli po-
lyfosfith s vysokym kondenzaénim stupném, tim je v8ti antibakteridlni G&inek.
Podékovani MSMT: MSM 7088352101,

1R
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Vliv vybranych fosfatovych tavicich soli na rust bakterii
Bacillus a Staphylococcus aureus

Leona Burikova, Adéla Novakova, Frantisek Burika
Ustav potravinaiského inZenyrstvi, Fakulta technologick4, Univerzita Tomade Bati ve Zling

o

+ K vyrobé homogennich, jemnych a roztiratelnych tavenych syri je nutny pridavek tzv. tavicich soli (2-3 % w/w). V praxi se pouZivaji zejména
sodné soli fosfatl a polyfosfatu.

+ Fosfaty a zejména polyfosfaty odstepuji vapenate ionty z kaseinovych frakei (fosfaty maji vy3si afinitu k vapenatym iontum). Nerozpustny
parakaseinan vapenaty je pieménén na rozpustnéjsi parakaseinan sodny.

+ Afinita fosfati k vapenatym iontiim roste s jejich kondenzacnim stupném a s teplotou systému.

4+

Schopnost vazby vapenatych iontl mu2e mit potencial i z hlediska antimikrobialnich vlastnosti, nebot vapenaté ionty mohou stabilizovat
bunécnou sténu mikroorganizmai.

V predchozi praci byly provedeny testy s 8 mikroorganizmy (Escherichia coli, Salm lla Typhimurium, Staphylococcus aureus, Pseudomonas
aeruginosa, Serratia marcescens, Micrococcus luteus, Bacillus cereus a Bacillus subtilis).

-+

+

Bylo zjisténo, ze polyfosfaty s vy$sim kendenzacnim stupném UCinkuji zejména na grampozitivni bakterie (obrazek 1), pficemz ucinné
koncentrace se pohybovaly v intervalu 0,3 - 0.5 %.

+ Cilem prace bylo odzkouset uginek tfi tavicich soli obsahujicich polyfosfaty v rizném kondenzaénim stupni na vybrané grampozitivni bakterie,
a to na Staphylococcus aureus, Bacillus cereus a Bacillus subtilis.

Obrazek 1: Ukézka inhibigniho tinku VYSLEDKY A ZAVER
polyfosfati s vysokym kondenzaénim

stupném na vybrané mikroorganizmy + Ze studovanych tavicich soli méla nejvyssi ucinek sul HBS, a to na Bacillus

cereus a B. subtilis v koncentracich 0,3 % (w/v) a vyssich. Na testovany

Escherichia coli kmen S. aureus tato sul neplsobila (obrazek 2).
) o Salmonella <+ Inhibicni Ucinky soli S9 a 690 v koncentracich 0.1 — 0.5 % (w/v) nebyly
Bacillus imuri rokazany u zadnéhe z testovanych kmenl mikroorganizmii
subtilis Typhimurium p Y y g -

+ Vysledky naznaéuji, ze ¢im vice obsahuji tavici soli polyfosfati

Staphylococcus s vysokym kondenzaénim stupném, tim je vétsi jejich inhibiéni

Micrococcus aureus uginek na testované mikroorganizmy rodu Bacillus.
luteus \
Obrazek 2: Zavislost poétu CFU studovanych
gedomonas grampozitivnich bakterii na koncentraci tavicich soli.
Bacillus aeruginosa
cereus

Serratia marcescens

MATERIAL A METODY

4+ Pouzity tfi druhy komercnich tavicich soli:

~ HBS —smes dlouhych polyfosfati a orthofosfatd,

~ 89 -smés kratSich polyfosfatu a orthofosfatu,

~ 690 — smés difosfatu a orthofosfatl.
Tavici soli pfidany v koncentracich 0,1 % aZ 0,5 % (w/v) do média
(Mueller-Hinton agar).
Na medium ockovano 100 pl pfes noc narostené suspenze
mikroorganizmu
Vysledky odecteny pe 48 hodinach inkubace pfi 30 T a nasledn é
prepocteny na CFU/mI.
Testované mikroorganizmy

» Staphylococcus aureus subsp. aureus CCM 3953,

» Bacillus cereus CCM 2010,

~ Bacillus subtilis subsp. subfilis CCM 1718,

+ + + =+

Tato préce vznikia za podpory projektu MEMT: MSM 7088352101,
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VYROBA SYRU V PORTUGALSKU
J. HRABE ' A. NOVAKOVA!?

Ustav potravingského inzenyrstvi, Fakulta technologickd, Univerztomase Bati ve

Zling
Obecné charakteristika portugalského syra#stvi

Pro Portugalsko je charakteristicka tradivyroba syii. Pod pojmem tradni vyroba syii

je chapana vyroba tragfiich vyrobki na farmach v mensim objemu, coz je determinovano
piedevsSim produlnimi moznostmi a mnozstvim suroviny pro vyrobuasyrSyry jsou
negasgji vyrabény z owiho, koziho a v neposlediadk téz z kravského mléka, které
ovSem v Portugalsku vetginé oblasti neméa vyhovuijici sloZeni (odpovidajici kudlpro
vyrobu syfi. Hlavnim divodem zhorSené kvality kravského mléka jsou kliokadi
podminky (nedostatek vlahy, sucho}ehoz rezultuje nedostatek kvalitni pastvy a krmiva.
Kravské mléko se proto pouZziva pro vyrobuisjako sngésné gevazre s mlékem odim a

kozim.

Syry jsou v Portugalsku velmi oblibené, gpbta syii v Portugalsku je 3,2 kg na osobu a
rok, coz by odpovidalo spet: mléka ve vysi cca 30 liir VysSi spatebs vSak brani
piisné hygienické limity na pmyslovou produkci sy, nedostatek kravského miléka a
vysoka cena tradinich malopimyslow na farmach vyramych syfi. Vysoka cena je dana
vysokymi rezijnimi naklady, zejména vysokou prathaogsp. nizkou produktivitou

vyroby.

Produkce tradnich syii v Portugalsku se pohybuje v rozmezi 15 000 az@DtOok. Z
toho pouze 15 % této produkce je hygienicky kowotraho, coz je asi itdod pra tyto
vyrobky nejsou v mas@&sim mefitku dodavany do supermarkena venkow slouzi syry
pro vlastni spdebu pro samozasobitele a pro prodej v maloobeh8gry v Portugalsku
jsou ¢asto konzumovany jakorioha k vinu, &stovinam, slouZi k ijpraw konvenience

food, rychlému oberstveni snack-food apod.

Pro portugalské syry plati, Zze ty nejkvadiii syry £Zko najdete v obchodech, protoze v
Portugalsku fevazuje stale tra¢hi vyroba, kdy jsou syry tmé vyrakeny a jsou velmi



drahé. Produkcesthto syn je relativié vysoka, je vSak dena pevazri pro domaci trh.
Spoteba rkterych druli symi ve velkych mistech je roviZ omezena jednak
uplatiovanim ochranné znamky, nebaoimyslového vzoru na celotadu druli téchto
symi a pak samaejnmg jejich vysokou cenou. Toto je jedna #m, prac pramyslovy
vyrobci v ramci rozgeni sortimentu syr,kopiruji“ fadu syfi z jinych zemi, jako jsou:
Camembert, Parmazéan, Eidafedar a sotasré je i tim omezovan dovoz syrze

zahrandi.

Mezi nejvyhledavagjsi syry jak jiz bylo dive uvedeno pét tradicni portugalské syry.
Jednotlivé vyroby tradnich sy jsou licencovany (maji povoleni k vyrdbod
Ministerstva zerdélstvi) a to zakonem Regulamentar n°42/85 de 5/7nyCeejsou

garantovany a odvijeji se od trznich a konkanéch vliva.

Charakteristika nejznaméjSich druhia syra
Skupinacerstvych syii - syr Rabacal

Syr Rabacal se vyrabi z @&ho mléka, nebo sésného oviho a koziho mléka. Jeho vyroba

je charakteristické pro oblast v okolésta Coimbra.

Hlavni ¢ast produkce je deklarovana jakerstvy syr, v opéném gipac syr zraje kratSi
dobu a Ize jej pak ozud jako cerstvy nékky syr. Jeho vaha je 500 g. Tvar je kruhovy, o
praméru 12 cm a vySce 3 az 5 cm. SuSina tohoto syra&gedd % (w/w), hlavni podil

susina je tvien tukem, dale bilkovinou a v malém mnozZstvi jeadbs zbytkovy cukr.

Je to tedyerstvy syr, nikky, bilé barvy. Syr ma zrat v {iméru 21 dni, protoZze vSak
poptavka pevysSuje nabidku, uvéf se tyto syry na trh jak&erstvé.

Pouzivana technologie je klasicka tak jako u n#svprob¢ obdobnych druin syni.
Koagulace probiha asi hodinii @5 — 30 °C. Zajimavé je Ze pro srazeni mléka g&siny
symi pouziva extrakt z Artjoku. Nasleduje zpracovaniisfiny, odpoushi syrovatky,
lisovani, soleni a fjjp.zrani syii. V Portugalsku jsouwasto pouzivany k vyra@bsym
separani techniky.



Fermentované o¥i syry
Syr Serra da Estrela

Tento syr je jednim z nejzn&jgich a nejoblibe¥jSich syfi. Casto je nazyvan Serra syr a

je z pohledu ekonomického a organoleptického nejagaeSi z tradénich syh. Jeho

vyroba je pisré kontrolovana. PovaZuje se totiz za narodni syguamanskou specialitu*.

Jeho véha je 1,2kg nebo 2kg. Tvar je kruhovy, imgru 18cm a vySce 8cm.¢&$to je
kompaktni, ¥idka s oky, je r&kky (Gerstvy) nebo polotvrdy (zraly). SuSina syra je cca
67,5% (w/w), zéehoZ je patrno, Ze jde o syr lisovany a nasiextajici. SuSina je tvena
piedevsim bilkovinami (25,59 ) a tuky 31,59 , cozadda tuku v susSicca 47%.

N 1

Serra jen syr pojmenovany dle nejvyssi portugalsi® (Serra da Estrela). V okoli této
hory je velmi giznivé mikroklima a vhodné pastviny pro paseni yekk stdd ovci.
Typick&a stada ovci sloZzena jakéernych roviz tak bilych plemen ovci Bordaleira da
Serra da Estrela jsou nejlepSi na produkci mlékiemé&na rani produkce osiho mléka v
Portugalsku je cca 12 milidrlitrd mléka. Syr nize byt vyrakn pouze na farmach, které
jsou lokalizovany v oblasti Serra da Estrela a pmj#z na srézeni mléka vytazek z

artycoku.

Dle portugalskych standatrdna syr Serra cylindricky tvar bez ostrého ohfani. Typicky
syr ma zakladnu 15 — 20cm a vySku 4 — 6cm.V syou ouze malé oka, slonovité az bilé
barvy, syr ma maslovou texturu, coz vede k velkiordeaci syra fi krajeni (rovez v
dusledku vysokého obsahu tuku — pozn. ajtoMa nakyslou mlénou gichu a cisté
typické aroma po asim mléce. Kira syra je tenka, hladka a ma slasmaltou barvu. Syr
zraje po dobu 30 — 45 dnifi peplo& 19 - 30°C, relativni vlhkosti 75 - 90%, starSiysyraji

az 6 ngsial.

Syr Serpa

NejznangjSi produkni oblasti tohoto typu syru je oblast Alentejo. ikede o o8 syr,
vyrobeny hlave z owiho mléka, ale i sfjdavkem mléka koziho. Tento syr je vytalz
ow¢iho mléka ziskavaného od plemen Merino a Campakitmje ptimérna velikost stada

300 - 500 ovci. Chemické sloZeniciivo mléka — suSina 19% (w/w) je tema celkovymi



proteiny 6,5 %, tuk 7,5 %, hustota 1,04gichyselost 26,3ml 0,1 N NaOH na 100g mléka,
pH 6,6.

Hmotnost syru Serpa je 1,5 az 2kgidka 3kg. Tvar je kruhovy ve tvaru bochniku o
praméru 15 az 25cm, a vySce 5 — 7cm. Serpa je tvarolsyvy bilé barvy. Textura je
kompaktni s oky, pikantni aZz nakyslé chuti. Ve 189gu je 42,0 g vihkosti (suSina 58%
wiw), 24,89 bilkovin, 25,79 tuk 0,3g cukru.

DetailnejSi popis technologie vyroby gsyuvedou autd v nasledujicinglanku.
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Technologie vyroby atich sy v Portugalsku
Pokratovanic¢lanku ,Vyroba syf v Portugalsku®.
J. HRABE', F. BUINKA®', A. NOVAKOVA'*

Ustav potravingského inzenyrstvi, Fakulta technologicka, Univerzitomase Bati ve

Zling

V predchéazejicimélanku byly charakterizovany dva nejznggéi syry a sice syr
Serra Estrela, ktery je vyréb tSinou manufakturnim Zgobem na chovatelskych
farmach a syr Serpa vyr&ty z owiho, @ip. pidavkem koziho mléka. Tento syr je

vyrabin primyslovou technologii za pouziti separach technik.

V dalSim textu je popsana technologie vyroby syetr&da Estrella tak jak je praktikovana

vV soutasnosti.
Syr Serra da Estrela

Tento syr je jednim z nejzn&jgich a nejoblibe¥Sich syfi. PovaZzuje se totiz za narodni
syr a ,gurmanskou specialitu®. Je vy&alze syrového astho syrového mléka, jak je vSak

uvedeno v fedchazejicintlanku mize byt aplikovan fidavek kravského mléka.

Serra jen syr pojmenovany dle nejvyssSi portugalsi® (Serra da Estrela). V okoli této
hory je velmi giznivé mikroklima a vhodné pastviny pro paseni yekk stdd ovci.
Typickd stdda ovci sloZzena jakéernych roviz tak bilych plemen ovci Bordaleira da
Serra da Estrela jsou nejlepsi na produkci mlékakMje ziskavanodnem laktace, ktera
je v obdobitijen az k¢ten a trva cca 210 -240 d@inSyr miZze byt vyrabn pouze na
farmach, které jsou lokalizovany v oblasti Serrakddrela a pouZzivaji na srazeni mléka

vytazek z artyoku. Ma status AOC (Appelation d” Origine Contrdleé



Tabulka I. Chemické sloZeni @to mléka ovci plemene Bordaleira da Serra da stre
Voda Tuk Bilkoviny Laktoza Popeloviny

80,01 +2,7 7,8%1,6 6,0+ 1,3 4,4 +0,5 NA2

80,9 1,6 7,4 ¥1,5 6,0+0,9 4,6 +0,5 0,9+0,1

81,2 68 68 51 09

1 + znamena 95 % (koeficient spolehlivosti)
2 neuvedeno

Hlavnimi technologickymi operacemiivyrobé jsou:

1. Koagulace (sradzeni) mléka

2. Zpracovani koagulatu (krajeni, drobeni, vyturdwzina, oddlovani syrovatky
3. Lisovani syeniny

4. Soleni

5. Zrani syi

Dojeni ovci se provadi dvakrat dena sice ped vychodem slunce (vyposst na
pastvu) a fi zapadu slunce, kdy se ovce vracétzp pastvy. Dojeni se provadi do malych
nadob. Riziko mikrobialni kontaminace z vemen, vingukou past§ je zn&né, proto se

vénuje hygiew ziskavani mléka zvySena pozornost.

Pred samotnym zpracovanim se mléko udrzuje v teptémrusmax. po dobu 30 —
60 minut, nasleduje filtrace mléka, zbaveni pevniagstic, néistot apod. sraZzeni mléka se
provadi v malych naddobéch o objemu 2Gilitbavodem je snaha co nejrychleji zpracovat
mléko, aby nedochazelo k nezadoucingzam.

Srazeni mléka probiha, diw teplé vodni lazni, nebo u jinéhéinpzeného zdroje
tepla nap. u krbu. Ke srézeni se pouzivajtigiové enzymy rostlinnéhoipodu, ziskané
jako vytazek z ususené rostliny Atbku (Cynara cardunculus L). Biochemicka studie této

rostliny je velmi zajimava, vzhledem k rozsahu en&&ni ¢lanku bude uvedena v dalSich



publikacich. Studie popisuje ¥§i a koagulani silu, dale proteolytické a lipolytické
pusobeni ziskanych enzym Zpisob praktického vyuZiti a aplikacéipravy syidla je

uvacn v nasledujicich modifikacich:

O susSena rostlina sefigava do teplého mléka, provede se promichani ¢kolik

minut, nasleduje filtracefps jemny tkaninovy filtr (plachetku),

O nebo se provede macerace ususené rostliny v maléoistvi solného roztoku,
ziskdme hmotu pastovité konzistence, kteriafilrujeme a dalejjidavame do sgného

mléka,

O macerace se provede stejnymasgbem, ziskand pasta je v ptém obalu
pondena do mléka, nasleduje michani a v§kadai z obalu do $gného mléka.

Doba srazeni mléka je velmi variabilni dle jedivgtth farem a je zavisla na
teplot€ a ra&nim obdobi. Udava se niapy rozmezi 30 do 45 minutipeplo 20 az 30°C,
28 az 240 minut ip teplotnim rozmezi 17 — 40°Ctip. jiné kombinace. MnoZstvi
suroveho rostlinného extraktiiganého k mléku se udava od 11 do 22g/l, respz3®g/I

pii kratSi doks srazeni (37 az 90 min).

Nasled@ se koagulat (srazené mléko) krajcmé (syraské noze, Izice) v celé
hmot nactverce, po kratkém odpmku se rozkrdji a drobi na mensi kousky a vytuhaje
pevrgjSi zrno. Sotasré probihd oddovani syrovatky. Cely tento proces trva az 45 minu
ve zkradcené forth pouze 10 minut. Mimo uvedeny Db jsou pouZivany jizuzné
mechanizéni pomicky, jako jsou cylindrické odltovate syrovatky, nebo jsou pozivany
tvaroznikoveé pytle, kdy vSak ziskavame po vylisovdomogenni pastu, ktera pakibe

byt formovana do plachetkového tkaninového obalu.

Soleni syt je provadno jednak z dvodi zlepSeni senzorické jakosti,

konzerv&niho efektu a saiasre i zvySeni susiny syry. Soleni je pro¥ad:

a) pidavkem soli do mlékaipd syenim, kdy se fidava cca 30g nerafinované
kuchyiské soli na | litr mléka, nebdilsjiako soutast gidavku pastovitého siglla (macerét

v solném roztoku),
b) nebo se provadi soleni az po uk@m lisovani posypem kuchgkeé soli (NaCl) na
povrch a spodnfast syra v mnoZstvi 5-9g/émsyry jsou déle obraceny al e na povrchu

roztirana.



Lisovani syé se provadi po odteni syrovatky ¥tSinou ve tkaninovych pytlich
(tvaroZnicich), které jsou vklddany do odkapnicldatg gikryty vikem a zatizeny

kameny. Po vylisovani jsou tvarovany doritek.

Zrani syfi probiha v samostatnych zracich prostorach, kdejezité zajistit
poZzadované parametry zrani,a sice teplotu a vihRéstledem k tomu, Ze vyroba je
manufakturniho charakteru neni ¢astych pipadech zaji$#ha &inna regulace échto
parametii. Nag. odiijna do k¥tna byly registrovany viznych farmach teploty v rozmezi
19 — 30°C a pmgerna vlhkost 75 — 95%. V zimnichasicich jsou vSak teploty zrani nizsi
a pohybuji se kolem 10°C, coz ma pozitivni viivprabéh zrani. Uvadné Udaje z dalSich
farem jsou vSak vzhledem Kkide uvagnym skuténostem velmi variabilni. &em zrani
se syry kazdoderobraci z dvodu zachovani tvaru, rovh@meého zrani v celé hmoa
prosoleni. Po 8 az 15 dnech se na povrchu syrariob@ervenala mazlava plocha. Dle
vyrobai je vyskyt této skvrny indikatorem dobrého findlmifwrobku a souvisi s rozvojem

pozadované zraci mikroflory.

Déle se syry umyvaji v horké védbali se zraciho platna (plachetky) tak, aby byl
dosazen pozadovany cylindricky tvar finalniho vikobSyr se omyva v teplé véedzZrani

syn probiha 30 az 45 dnstarSi syry zraji az 6 #siai.

VytéZznost sy tj. spoteba mléka na vyrobu 1kg syru po ukeném zrani (45 — 50 dn
se udava 5,5 az 6,0 litru, tj. cca 17%¢eéyiost z 1kg mléka. V§Enost je odliSn& dle
ro¢cniho obdobi, kdy slozeni mléka kolisa. Ohese udava podstatrvyssi vytznost v

zimnim obdobi.

Pribéh zrani byl sledovan vadch zénach syra, a sice centralnfedmi a povrchové.
B&éhem zrani syr jsou proteiny silé rozpoustny (solubilizovany). Proteolyza v centralni a
povrchové zodé je zn&né rozdilna. Vysoky stupe proteolyzy na povrchu syra je i v
korelaci s odliSnou texturou a barvou mezi kmiitasti a povrchovouasti, coz odpovida
hypothese o dosdivém zjisobu zrani. Dochazi rovh k lipolyze tuku, coz vSak neni
vyznamné. Vy3Si obsabkiavych mastnych kyselin (maselnda, isovalerové)gakterych
autoii zarukou vysoké senzorické jakosti syra. Obsiavlych mastnych kyselin je vSak

ve srovnani s plivym syrem Roquefort polosmi.



Tabulka II.  Procenta celkového dusiku, ve &orbzpustného dusiku a dusiku
aminokyselin v syrech a obsah — pwnkorespondetniho zraciho koeficientu (dle
raznych autoi)

Celkovy dusik Rozpustny dusik (%) Dusik aminokyselZraci koeficient

3,1-4,2 1,0-2,0 0,1-0,3 32-56

28-4,0 1,1-1,7 0,1-0,4 35-48

3,62+ 0,7 1,2+ 0,4 NA3 32+13

1 Definovan v procentech jako rozpustny dusik k@etmu dusiku
2 + 95 % konfidetiniho intervalu (koeficient spolehlivosti)

3 nedostupny, nevyuzitelny

Vzhledem k tomu, Ze syr je vyréb ze syroveho mléka, je z hlediska zdravotni
nezavadnosti idezity obsah a sloZzeni mikrofléry v syrech. Vzidedke skuténosti, Zze
syr zraje pi nizSi teplot a po dobu 45 dn (resp. az 60 di) neni uvadn vyskyt
piezivajicich zdravi nebezfigych patogennich mikroorganigmmimo mensiho vyskytu
Escherichia coli Spektrum mikrofléry obsazené v syru je velmi B&oa zakladem je
mikrofléra syrového mléka. Z technologicky vyznammikrofléry, kter4 se nachazi ve
zralém syru je uvash vyskyt proteolytické mikrofléry 8 x 105/g, lipdigké mikroflory
11-424 x 106/g, kvasinky mén nez 200 x 106/g, plisn mére nez 143 x 106/g. Z
jednotlivych druli mikrobi jsou uvadny Lacotococcus lactisubs.lactis a cremoris
Leuconostoc mesenteroidessibsp. dextranicuma cremoris Lactobacillus helveticys
Lacobacillus acidophillusLactobacillus casein plantarum Jako dominantni jsou vSak
udavany rodLactococcus Lactobacterium plantaruma Lacotabacillus caseiFritomny
byly rovréz plisre Geotrichum candiduna Penicilium roguefortia ¢ervergé pigmentujici

kvasinkyRhodotorulacea@a Torulopsoideae

Dle portugalskych standatrdna syr Serra cylindricky tvar bez ostrého ohfani. Typicky

syr ma zakladnu 15-20cm a vysku 4—-6cm. V syru mouze mala oka, slonovité az bilé



barvy, syr ma maslovou texturu, coz vede k velkiordeaci syra fi krajeni (rovéz v
dusledku vysokého obsahu tuku). Ma nakyslouambé& gichw’ a ¢isté typické aroma po
ov¢im mléce. Kira syra je tenka, hladka a ma slamdiutou barvu. Syr je deklarovan ve
dvou jakostnichitdach, a sice jako maslovy (pravy, ryzi) a stampZpaly) zrajici az 6

mésiaql.



