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ABSTRACT

Spreadable processed cheese (SPC) samples, vatid3M% (w/w) dry matter (DM) and 30, 40
and 50% (w/w) fat in dry matter (FDM), were proddagth nine individual melt holding times
(between 0 and 10 min) and stored for 30 days. Kikiroplet size and viscoelastic properties
were determined. In general, longer holding tineesiited in decreased diameter of the milk fat
droplets in all tested SPC samples. Furthermoessitte of the milk fat droplets decreased with
increasing DM content and decreasing FDM contemthiermore, for most of the produced SPCs,
with the progress of the storage time, the G* valdecreased over the first 2 or 3 min (of the
applied holding time). In addition, prolonging thelding time and storage period resulted in an
increase of the samples G* values. Increased DNeovand decreased FDM content in SPC

samples resulted in increased G* values.
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According to Codex Alimentarius Commission (20Q@hcessed cheese (PC) is
manufactured from one or more varieties of natcnglese. Moreover, other optional dairy
ingredients (e.g., anhydrous butterfat, butteracremilk powder, whey, buttermilk, caseinates,
coprecipitates) or non-dairy ingredients (preseveat stabilisers, flavouring agentan be added
into the processed cheese blend to improve furaltjproperties or modify composition
(Cernikova, Nebegéva, SalekRih&kova, & Buika, 2017a; Codex Alimentarius Commission,
2000). Thereatfter, the applied raw materials aredsted, blended, melted and emulsified at
elevated temperatures in the presence of appremmatisifying salts (ES; e.g., sodium, potassium
and/or ammonium salts of the citric, lactic, morth-,and/or polyphosphoric acids) (Codex
Alimentarius Commission, 2000; El-Bakry, DugganR@rdan, & O’Sullivan, 2010). In addition,
the relationship between a minimum level of dryterafDM) and a minimum level of fat in DM
(FDM) in PC is also specified by the Codex Alimenta Commission (2000). However, Codex
standards are not legislation. Therefore, on thekets of the European Union (EU), there exist
products with DM content lower than the amount nexuby the standard, whereas they still appear
to be named as “processed chee€etiiikova et al., 2017a). In particular, the abovetioned
products must comply with the internal legal regjolas of the individual member EU countries. In
general, according to Hickey (2011), legislationR® and related products varies a lot around the
world.

One of the most important stages of PC manufacsutiree continuous heating and stirring of
the ingredients for a period of time allowing tleerhation of a homogenous and smooth mass (Fu
& Nakamura, 2020). In addition, during blending amellting, ES partially solubilise caseins due to
the ion-exchange (calcium to sodium or potassiumenpmenon (Fu et al., 2018b). In particular,
the fat present is emulsified and the proteinshgidFated. Both the solubilisation and the hydration

of casein, resulting in a temporary loosening efphotein network and a decrease in the viscosity
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intensify as the degree of peptisation increases.

The solubilised protein molecules may also asseeigh lipids. The proteins present in the
formed gel network could form hydrogen and disulighibonds, as well as electrostatic and
hydrophobic interactions may occur. Furthermor@atiered3-lactoglobulin can interact with other
proteins in the network such esasein and other whey proteins by forming disudphiridges.
These interactions can cause an increase in thadss of PC and decrease its meltability
(Bowland & Foegeding, 2001; Nogueira de Oliveirafwhol, & Tamime, 2011). Calcium bridges
and calcium-phosphate complexes may also be indalueing the processing (Bka et al., 2014).
The re-association of the proteins results in aneiase in viscosity.

The creation of the final network of the PC matsixalled creaming. The latter
phenomenon is realised during heating, coolingstachge (Dimitreli, Thomareis, & Smith, 2005;
Kawasaki, 2008; Lee, Buwalda, Euston, Foegedinlyjaienna, 2003; Mozuraityte, Berget,
Mahdalova, Grgnsberg, @ye, & Greiff, 2019).

Furthermore, consistency is one of the most impopeoperties of PC and many factors
can influence this. The latter factors can be aaiegd into three main groups: (i) composition of
the raw materials applied (type and degree of nigitaf natural cheeses, their chemical
composition, type and quantity of ES, additiongredients, etc.), (ii) processing parameters
during manufacturing (temperature during meltipggesd of agitation, holding time under melting
temperature, rate of cooling), and (iii) storagadibons (temperature, time and permeability of the
packaging material usedj¢rnikova, Pachlova, Holas, Moudra, Slintakova, &By 2018b; Fu &
Nakamura, 2018; Fu et al., 2018a).

The effect of processing parameters, such as lgtdme of the melt, on the consistency of
PC spreads has been studied extensively. Swensamdiff, and Lindsay (2000) investigated fat-
free PC (with 40%, w/w, DM content) and stated ,tkia¢ longer the holding time, the lower the

firmness of the product. However, Bowland and Fdegge(2001) examined the effect of

4



93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

PIULESSINY UIHIE (LU, £U QIIU OU 111111 UL UIE VIS@UEI@I UPTIUTS Ul HHTUUST F U \43.0—02.070, wiW,
DM; 51.4-54.5%, w/w, FDM) over a decreasing tempgearegime from 25 °C to 80 °C (to
determine sample solidification). The authors codet that there was no relationship when the
small strain analyses (G", G**, G* ad)dwere performed at temperatures lower than 80 °C.
Moreover, Lee et al. (2003) found that the appavestosity of spreadable processed cheese (SPC)
melt containing 50% (w/w) DM and 50% (w/w) FDM ragetil 25 mins of processing at 80 °C and
then decreased. Furthermotrnikova et al. (2017) ar@ernikova, Salek, Koz&ova, and Biika
(2018c) investigated the effect of holding timelwg melt in a selected temperature on the
viscoelastic properties of PC with 35% (w/w) DM af@b6 (w/w) and 50% (w/w) FDM content.
These authors concluded that the firmness of P@&édsed up to thé“minute of holding time but
then increased significantly (the maximum holdimget applied was 20 min)iiRryl et al. (2018)
also examined the consistency of PC spreads (37¢6,0M and 50%, w/w, FDM) after holding
times of 1, 5 and 10 min, they stated that, thgéorthe melt is maintained at the melting
temperature, the more rigid the product becomes.

Nevertheless, the above-mentioned results areashatory and the effect of holding time
on the consistency of PC spreads with different & FDM contents remains unclear. Especially,
the effect of holding times below 10 min (in claggs within the holding time range) on SPC
samples (with different DM and FDM contents; proeldicinder identical processing protocol)
viscoelastic properties described by the compleguhe and phase shift up to now is missing from
the existing scientific literature. In generalisiaiccepted that the short duration of the holdimg
is economically advantageous. In the present stmagel SPCs, manufactured with identical raw
materials and under constant processing param&enperature, agitation speed) as well as using
the same laboratory equipment, were examined. ith@fthe research was to determine the effect
of the holding time (0, 1, 2, 3, 4, 5, 6, 8 andid) of the SPC melt (at 90 °C) on the size of milk

fat droplets and selected viscoelastic propertemplex modulus and phase shift) of model SPC
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storage.

2. M aterials and methods

2.1. Manufacture of the samples

SPC samples [6 different PC formulations (2 DM K8V = 6)] x 9 (holding times) = 54
samples in total] were manufactured according ¢éoptiotocol previously described Bernikova et
al. (2017b). The formulation of the PC samplesespented in Table 1. The total weight of the
produced SPC samples ranged within the intervall66.6 to 1166.4 g per batch. The composition
of the ES used was as in the researdfieshikova et al. (2017b). However, their total antouas
calculated as a constant ratio of ES to proteib5)0.The relative amount of ES applied is given in
Table 1. Total masses of ingredients preparechnianufacture of the SPC samples were
calculated to be similar so as to provide comparakht transfer.

The model SPCs were manufactured under laboratmgitons using a Stephan UMC-5
(Stephan Machinery GmbH, Halmen, Germany) equipp#dindirect heating. The target
temperature was 90 °C (reached after approximateliyin of processing) and the mixture was
heated under partial vacuum with an agitation spédd00 rpm. The applied holding times at 90
°Cwere: 0,1, 2, 3,4,5, 6,8and 10 min (a sspdratch of PC for each holding time was
prepared). Furthermore, the hot melt (immediatétlyr goroduction) was packed in polypropylene
containers (cuboid shape; length: 95 mm, widthmrs, height: 30 mm). The weight of the sample
in one container was approximately 85 + 5 g. Comia were sealed with aluminium lids, left to
cool down at ambient temperature (target tempezdtbirt 1 °C; approximately 5 h) and then the

samples were transferred into a refrigerator (6°€Pwhere they were stored over the whole
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storage.

2.2. Basic chemical composition analysis of thegas

The DM and fat contents were determined accoraii§®O (2004a) and ISO (2004b),
respectively. The FDM content of the PC samplesaadsulated as fat content divided by DM. The
pH was measured using a pH-meter equipped witassdip electrode (pH Spear, Eutech
Instruments, Oakton, Malaysia) into the sampldbrae randomly chosen locations. Analyses were

performed in triplicate.

2.3.  Rheological analysis of the samples

A dynamic oscillatory shear rheometer (Rheostre$taike, Bremen, Germany) equipped
with a plate-plate geometry (85m diameter, Inm gap) was used for the determination of the SPC
viscoelastic properties. Furthermore, all testedias were measured in the control shear stress
mode at a frequency ranging from 0.05 to 10&H@{at 20.G: 0.1°C). The amplitude of shear
stress (20a) was selected in the linear region of viscoeifgt Additionally, the exposed edge of
the parallel-plates geometry was covered with & ldoyer of silicone oil to prevent sample
dehydration. In oscillatory shear tests, the oVveeslponse of the sample may be characterised by
the complex modulus G*= [(G¥ (G”"¥]¥?, where G is the elastic modulus (kPa) and Gthés
viscous modulus (kPa). The G* describes the tesistance to deformation of a material
(considered as an elastic solid) and is thereboregasure of its consistency (Dimitreli &
Thomareis, 2008). Moreover, phase shift is the plaagle between stress and strain. In particular,

if <45 ortar® (G”'/ G")<1or G >G", the material is moragic than viscous (solid-like
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elastic (liquid-like behaviour) (Dimitreli & Thomais, 2008; Sotowiej, Cheung, & Li-Chan, 2014).

2.4.  Scanning electron microscopy analysis of failldroplet size

The analysis of the size of milk fat droplets wasf@rmed using a scanning electron
microscope JEOL JSM-7401F (Jeol, Japan) and Imsagjedare (Wayne Rasband, Maryland,
USA). Before viewing the samples were preparedianuacal fixation, dried using Leica EM
CPD300 (Leica Microsystems, Austri@igrnikova et al., 2017a) and gold-plated in Sp\@imater
SCD 050 (Bal-tec, Liechtenstein). The microphotpgraf each sample was analysed to determine
the fat droplet diameter (expressegum). Each sample was analysed twice (2 repetitioBs x
batches; n = 6), and the results were expressettd®n + standard error. The analysis of the size

of milk fat droplets of the SPC samples was pertairafter 30 days of storage.

2.5. Statistical analysis

The results obtained were evaluated using Kruskalli8Vand Wilcoxon tests (the

significance level was 0.05). The chi-square tezs applied for the comparison of the fat droplet

size of model SPC. Unistat® 6.5 software (Unidtahdon, UK) and Microsoft Excel (Microsoft

Corporation, Santa Rosa, CA, USA) were used fostatstical analysis.

3. Results and discussion

3.1. Basic chemical composition of the samples
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were comparable during the 30-day storage timeamged from 31.11 to 31.39% (w/w) for 30%
DM SPC and from 41.09 to 41.49% (w/w) for 40% DMCSH he calculated FDM levels were also
in agreement with the target values (Tabl® 2;0.05). Therefore, these samples can be used to
determine the effect of the holding time on the ©izmilk fat droplets and the viscoelastic
properties.

Regardless of the combination of DM, FDM and sjerame, prolonging the holding time
did not significantly affect the pH of samplés% 0.05). Hence, the samples with 40% (w/w) DM
and 50%, w/w, FDM stored for 1 day showed pH valodbe range 5.66 to 5.76 and 5.62 to 5.72
after 0 and 10 min of holding time, respectivelieTES applied can stabilise the pH of the PC due
to high buffering capacity (Fox, Guinee, Cogan, &veeney, 2017). Moreover, regardless of the
combination of DM, FDM and holding time appliedprstge for 30 days resulted in a slight but
statistically significant® < 0.05) decrease in sample pH. In addition, theopthe SPC samples
ranged from 5.68 to 5.78 after 1 day and from 5056.64 after 30 days of storage in the samples
with 30% (w/w) DM and 30% (w/w) FDM produced withn@in of holding time.

These results are in agreement to those previoeptyted byCernikova, Nebegéva,
Salek, Popkové, and Blka (2018a)Cernikova et al. (2017b, 2018c) and Salek et all$p0A
possible explanation could be hydrolysis of polygtmate salts, which are more susceptible to the
nucleophilic attack of water at pH 5.6 than at pbl @arth, Tormena, & Viotto, 2017). The pH
values depended on the DM and the FDM contenrt Q.05). The lowest values were determined
for the samples with 40% (w/w) DM and 30% (w/w) FOM50-5.68 and 5.38-5.57 after 1 and 30
days of storage, respectively), with the highetesfor those with 30% (w/w) DM and 50%
(w/w) FDM (5.83-6.03 and 5.72-5.91 after 1 and &@sdof storage, respectivelP € 0.05). The
current observation could be attributed to higlwroentration of lactic acid (from the applied
natural cheese — Edam) and ES. Furthermore, thecaddf ES promotes an increase in

electrostatic repulsion, and greater casein digpe(sr peptisation) might occur (Lu, Shirashoji, &

9
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ES: the proportions and types of different raw mal®, their acidity and buffering capacity as well

as the level, type and buffering capacity of the(E& et al., 2017). The model SPCs examined in
this study were manufactured using the same ingnésliand types of ES, although in different

proportions.

3.2.  Viscoelastic properties of the samples

The inner structure of the PC samples was evaluatekde complex modulus and loss angle
3. Hence, the loss angle is related to PC meltioggrties and provides information about its
viscoelastic properties. In addition, higher losgla values indicate higher degree of flowability
(Schéadle, Eisner & Bader-Mittermaier, 2020).

The results of the complex modulus (G*) and thesptehift §) of the model SPCs are
shown in Figs. 1 and 2, respectively. These pararmeiere not determined for the samples with
30% (w/w) DM and 50% (w/w) FDM at 24 h after maraifaing because they presented very
liquid-like behaviour. Furthermore, for most of teBC samples produced, it was demonstrated
that, with longer storage times, the G* value digantly decreased in the first 2 or 3 mins of the
holding time P < 0.05). Nevertheless, a different pattern wagoiel in the sample with 30%
(w/w) DM and 50% (w/w) FDM contents, the G* of whigvas constant up to th& ®in of
holding time P > 0.05. In all tested samples, prolonging the holding tijone to 10 min) resulted
in an increase of the G* valuad € 0.05). Moreover, a similar trend was previousigorted by
Cernikova et al. (2017b, 2018c) in PC with 35% (Wl and 40 or 50% (w/w) FDM contents,
respectively. However, the current decreasing tieasl identified only in the first three mins of
processingR < 0.05). Fu et al. (2018a) found that stirrinda00 rpm at 90 °C could increase the
viscosity of PC after approximately 4—6 min. Howevhose PCs had pH from 5.8 to 5.9 and

higher DM levels (54-55%, w/w) than those which evievestigated in the present study.

10
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246 manufacture, the formation of a homogenous massaat Firstly, ES solubilise para-casein

247 molecules by breaking calcium phosphate bridgesnTthe fat becomes emulsified and the

248 proteins are hydrated (Mozuraityte et al., 201%eréfore, casein peptisation could occur during
249 the initial holding time (2—3 min) leading to a dease in the Gvalues of the examined SPC

250 samples. Furthermore, a new protein network nsen time to be created. Probably the presence
251 of milk fat droplets with higher values of diametauld extends this time. In addition, the complex
252 modulus in the samples with 30% (w/w) DM and 509 (M DM started to increase after tH& 6
253 min of holding time and these SPCs were charaeiy milk fat droplets of the largest diameter
254 (Table 3, Figs. 1 & 3). Hence, due to swelling adtpin units, the interactions between proteins
255 increased and association with lipids may have weduThereafter, the re-association of the

256 proteins during the creation of a new protein nekwesulted in increasing firmness. The

257 continuous increase in G* values of the SPC sampleserved during the holding time up to 10
258 min, corresponds to the progressive evolution efdieaming action and may be due to the

259 following reasons. Firstly, the size of milk fabgtets decreases when the holding time is

260 prolonged (Table 3 and Figs. 3 & 4). Moreover, dlgéation process causes mechanical stress,
261 which accelerates solubilisation and hydratiorhefpresent proteins and peptides (Bowland &
262 Foegeding, 2001; Bika et al., 2014Cernikova et al., 2018c; Lee et al., 2003). Furtioeen

263 interactions between proteins can be enhancedlbiycaions, which may neutralise the charge
264  repulsion between caseins. On the other handaictiens may occur by cross-linking or bridging
265 Dbetween proteins. The strengthening of interactimte/een proteins can cause a more rigid

266 structure of PC (Sharma, Munro, Dessev, & Wiled,&0In parallel with the increase in G* values,
267 the observed decreasedivalues P < 0.05), during the holding time up to 10 min, sled that

268 SPC samples became more elastic.

269 Regardless of the combination of DM and FDM appltbé values of the complex modulus

270 increased during the 30-day storage peridg 0.05). A more pronounced increase in G* was
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storage was often over 100%. The increase in thedktes could be caused by a decrease of the
pH which was most likely a result of hydrolysistbé applied ES or dissociation of other
compounds present in the PCe¢nikova et al., 2018a). Increasing G* can alstriggered by
changes in the crystalline form of polymorphic nfik (Cernikova et al., 2018c). A decrease of pH
can cause an increase of hardness of PC when aisadthophosphate is used as ES, probably be
due to the decreased electrostatic repulsion (lak €2008). In contrast, phase shift values
decreased over the 30-day storage pefod .05), with SPC samples becoming increasingly
elastic.

The complex modulus was also dependent on the DiMreFDM contents. The lowest G*
was determined in the samples with 30% (w/w) DM 8@% (w/w) FDM P < 0.05). The G*
increased as the DM increased and the FDM decréBse@.05). In particular, the highest values
of G* were reported in the samples with 40% (w/wWjl @nd 30% (w/w) FDM. Generally, we could
assume that, the higher DM and the lower FDM cdste¢he more rigid the SPC became and a
tougher and less spreadable consistency was sksncaduld be probably attributed to the increase
in NFS and protein contents and, hence, to thagtening of the protein network of the samples.
Similar findings were demonstrated @grnikova et al. (2017a), Dimitreli and Thomarei8qg)
and Guinee and O’Callaghan (2013). Moreover, amsabfsthe phase shift showed that all SPC
samples with 40% (w/w) DM and the those with 30%A\(WDM and 30% (w/w) FDM,
independently of the holding time applied and theetof storage, exhibited more elastic than
viscous consistency (solid-like behaviour; phas# Ess than 45°). Most of the samples with 30%
(w/w) DM and 40% (w/w) FDM also had this featurgcept one, the sample manufactured with 2
min of holding time. However, its consistency chethgnto more elastic after 14 days of storage.
The samples with 30% (w/w) DM and 50% (w/w) FDM wéound to be more viscous than elastic

(liquid-like behaviourp > 45°), regardless of the holding time applied Hredstorage period.
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time affected the rheological and thus, the senpoyperties of the PC samples. In particular, the
increasing fat content reduced the values of coxpledulus, resulting in softer PC products.
Moreover, the PCs with low DM content were morecgiss than samples with higher level of DM
content. In general, some sensory properties (kagjrgumminess, chewiness and meltability) can
be affected similarly such as rheological propertigh the prolonging of the storage time.
Furthermore, increasing holding time resulted ghier values of the G* modulus.

Furthermore, from an economic point of view, shohni@ding times could be evaluated as
more advantageous for the producers of PC. Howéweproduction cost for PC manufacture can
vary significantly and could be affected by mukéiphctors (raw materials, energy costs, operation
costs, location, inflation, taxes, etc.) which abdiffer between countries. With respect to the
applied ingredients (natural cheese — Edam; buttater and ES) cost implemented in the current
study the estimated production cost (€kgrices are for year 2019) of 1 kg of final protoculd
be as follows: €1.70, 30% (w/w) DM, 30% (w/w) FDEL.57, 30% (w/w) DM, 40% (w/w) FDM;
€1.43, 30% (w/w) DM, 50% (w/w) FDM; €2.26, 40% (W/®M, 30% (w/w) FDM; €2.09, 40%
(w/w) DM, 40% (w/w) FDM; €1.91, 40% (w/w) DM, 50%v(w) FDM. In general, PC cheese
formulation can have an impact on final productg@riHence, higher DM content can result in
higher PC price. However, in the case of FDM confeomparing PCs with the same DM content)

the higher the FDM content, the lower the pricéheffinal product.

3.3.  Scanning electron microscopy of the samptelssize of milk fat droplets

The development of the size of milk fat dropletshef model SPCs after 30 days of storage
in relation to the duration of the holding timeslsown in Table 3 and Figs. 3 and 4. In general,
most of the samples presented diameter values linaarlum. Furthermore, similar findings were

previously reported by Gliguem, Lopez, Michon, leesi and Ollivon (2011). Regardless of the
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decreased diameter of the milk fat dropl€ts<(0.05), probably due to the extended rate ofrshea
Moreover, a significant difference was observeavieen 0 and 2 or 3 min of the holding tinfe<
0.05). According to Sutheerawattananonda, Fuldartin and Bastian (1997) prolonging the
holding time can result in a reduction in the ditenef the milk fat droplets over the first 5 min.
However, in the aforementioned study, trisodiumaté was used as ES, which strongly chelates
micellar calcium, forms soluble complexes, and eaube dispersion of the proteins present,
leading to sufficient emulsification of the fat pemt within the PC matrix (Fu et al. 2018b,
Sutheerawattananonda et al. 1997). In additiorgrdarg to Fu et al. (2018a,b), longer stirring
times result in decreasing size of the milk fatpiiets.

The size of the milk fat droplets depended on thednd FDM contents and also on the
processing parameters. In particular, the dianadtdre milk fat droplets decreased as the DM
content increased and the FDM content decred3ed)(05). Thus, the smallest diameter of milk
fat droplets was observed in the samples with 40%) DM and 30% (w/w) FDM contents (Figs.

3 and 4). The largest fat droplets were determingufocessed cheese samples produced with 0
minute (Figs. 3 and 4, panels A, C, E) of holdimget and the smallest fat droplets were present in
processed cheeses with the holding time 10 mirs(B@nd 4, panels B, D, F). This could be
attributed to the viscosity of the melt, which,agcreases, impedes the movement of the fat
droplets and contributes to their shearing durtirgrgg. In fact, the more the DM increases and the
FDM decreases, the more the non-fat solids (NF8}laa protein contents increase.

The increase in firmness of processed cheesesxpésred by Sutheerawattananonda et al.
(1997) by reducing the size of fat droplets, whetarger number of small fat droplets disrupt the
continuity of the protein matrix less intensely qared with the presence of a smaller number of
order of magnitude larger fat droplets. Simultarsdpwith the decrease in the size of fat beads,
those authors found that the stiffness of the nooatt samples also increases with increasing

holding time. However, the above-mentioned autlatss stated that the reduction in the size of the
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increasing the protein content resulted in highstosity values of PC melt. Moreover, the samples
with 30% (w/w) DM and 30% (w/w) FDM and those wi#h% (w/w) DM and 50% (w/w) FDM

did not differ in fat droplet sizeP(> 0.05), as they had similar NFS contents (20.20H®%6, w/w).
Cernikova et al. (2017a) reported that also for R@ 85% (w/w) and 45% (w/w) DM and 40%
(w/w) and 50% (w/w) FDM the diameter of the milk txoplets increased with the increasing level
of FDM. In addition, Lee, Klostermeyer and Anem@13) also observed that the milk fat droplet

diameter decreased as the DM increased.

4. Conclusions

The study of six different types of model SPCs prefd and stored for 30 days showed that
the viscoelastic properties depend on the holding,ttime of storage and DM and FDM contents.
For most of the produced SPCs, it was demonstthtgdon the ¥, 14" and 3¢' day of storage, G*
(a measure of consistency) decreased in the fost3min of the holding time and gradually
increased afterwards. In the most cases of DM &id Eontents, prolonging the holding time from
the 3% min up to the 1B min and storage for 30 days increased the G*lisaahples examined.
Also, G* increased with increasing DM content atstant FDM and also with decreasing FDM.
The same DM content and increasing FDM contentezhdecreasing value of G*. Nevertheless,
inverse relationships were observed in the casieegphase shift evaluation. In addition, most ef th
SPCs produced exhibited more elastic than visconsistency (solid-like behaviour).

It could be concluded that DM and FDM contentsding time and length of the storage
time affected the rheological properties of thedd@ples. In particular, increasing fat content
reduced the values of complex modulus, resultingame soft PC final products. Moreover, the
PCs with low DM content were more viscous thangdmples with higher level of DM content.

This information may be relevant to industry pregetiMoreover, longer holding times of the melt
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decrease in size was observed after 2 or 3 mithé&umnore, the size of milk fat droplets decreased
as the DM content increased and the FDM contenedsed. In general, from an economic point of
view, shorter holding times could be evaluated asenadvantageous for producers of PC. In
addition, PC cheese formulation can have an impadinal product price, as higher DM content
can result in higher PC price. Comparing PCs withdame DM content, the higher the FDM

content, the lower the price of the final product.
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Figurelegends

Fig. 1. The dependence of the complex modulus (G*; kP#heimodel processed cheese
(PC) 1 day (24 hll), 14 days ©) and 30 daysV) after manufacture using different holding
times (0—10 min) at a melting temperature of 90P&nels A, B and C: samples with 30%
(w/w) dry matter content. Panels D, E and F: sampl¢h 40% (w/w) dry matter content.
Panels A and D, B and E, and C and D: PCs with 3% and 50% (w/w) fat in dry matter

content, respectively. Values are expressed as metandard deviation (n = 8).

Fig. 2. The dependence of the phase shift’] of the model processed cheese (PC) 1 day (24
h; ®), 14 days Q) and 30 daysV) after manufacture using different holding tim@sLQ
minutes) at a melting temperature of 90 °C. PaAgB and C: samples with 30% (w/w) dry
matter content. Panels D, E and F: samples with @@%) dry matter content. Panels A and
D, Band E, and C and D: PCs with 30%, 40% and BOA&) fat in dry matter content,

respectively. Values are expressed as mean + sthddwiation (n = 8).

Fig. 3. Scanning electron microscopy images of processedsds (PCs) with 30% (w/w) dry
matter content (scale bar 5 um; magnification 250Panels A and B, C and D, E and F:
show PCs with 30%, 40% and 50% (w/w) fat in dryteratontent, respectively. Panels A,
C, E: PCs produced with holding time 0 min. PaiI®, F: PCs produced with 10 min

holding time. FD*, place after milk fat dropletsweved; P, protein; IP, insoluble phosphate.

Fig. 4. Scanning electron microscopy images of processedsds (PCs) with 40% (w/w) dry
matter content (scale bar 1 um; magnification 1@®Q0Panels A and B, C and D, E and F:

show PCs with 30%, 40% and 50% (w/w) fat in dryteratontent, respectively. Panels A,



C, E: PCs produced with holding time 0 min. PaiIB, F: PCs produced with 10 min

holding time. FD*, place after milk fat dropletsweved; P, protein.



Tablel

Formulation of the processed cheese samples vifthretit dry matter content (DM) and fat in dry neattontent (FDM}.

Raw materials (%) Type of processed cheese (%) w/w
30% DM 40% DM
30% FDM  40% FDM  50% FDM 30% FDM  40% FDM  50% FDM
Dutch-type cheese 53.5 45.4 37.6 71.2 61.0 50.2
Butter 1.1 6.4 11.4 1.6 8.4 15.2
Emulsifying salt components
NaHPO, 1.0 0.8 0.6 1.3 11 0.9
NaH,PO, 0.4 0.4 0.3 0.6 0.5 0.4
Na,P,O; 0.5 0.4 0.4 0.6 0.5 0.5
Sodium salt of polyphosphate 0.5 0.4 0.4 0.7 0.6 0.5
Water 43.0 46.2 49.3 24.0 28.2 32.3
Emulsifying salts-to-protein ratio 0.15 0.15 0.15 0.15 0.15 0.15
Relative amount of emulsifying salts 2.4 2.0 1.7 23 2.7 2.3

& The total weight of the melt (g) ranged from 1B0%. 1166.4; the percentages of emulsifying safsied were: NsgHPOQ;, 39%; NaHP O, 18%;
Na;P,0, 21%; sodium salt of polyphosphate, 22%.



Table?2

Basic chemical analysis of the processed cheesglasamvith different dry matter content (DM; % w/and fat in dry matter content (FDM; % w/w)

during 30-day storag@.

Parameters Type of processed cheese (% w/w)

30 % DM 40 % DM

30 % FDM 40 % FDM 50 % FDM 30% FDM 40 % FDM 50PBM
Dry matter content (%, W/w) 31.27+0.33 31.39+0.27 31.11+0.26 41.49+0.25 41.09+0.33 41.36+0.3F
Fat content (%, w/w) 9.19+030 12.75+0.3¢ 15.83+0.38 12.43+0.32 16.58+0.34 20.70+0.48

Fat in dry matter content (%, w/v) 29.40 + 1.10  40.63+0.71 50.88 + 0.68 29.95+0.78 40.35+0.97 50.04+0.65

& For dry matter and fat content expressed as 95%idemce interval for mean of samples manufactwigh different holding times and stored 30
days; fat in dry matter content calculated from nseaf dry matter and fat contents and expressedaminean values. Means within a row followed

by different superscript letters differ significgn(P < 0.05).



Table3

Size of milk fat droplets of model processed cheesaples after 30 days of storafje.

Holding Size of milk fat dropletsyim)

time 30 % DM 40 % DM

(min) 30 % FDM 40 % FDM 50 % FDM 30 % FDM 40 % FDM 50 WDM¥

0 0.675 + 0.01%° 1.027 + 0.03F¢ 1.366 + 0.064" 0.207 + 0.009° 0.285 + 0.007" 0.589 + 0.017°
1 0.668 + 0.025¢ 1.024 + 0.01F¢ 1.355 + 0.086" 0.204 + 0.007° 0.283 + 0.00%" 0.581 + 0.01%°
2 0.656 + 0.02¢° 1.018 + 0.062F  1.338 +0.047 0.198 + 0.009™ 0.279+0.018%  0.566 + 0.014°
3 0.613 + 0.023¢ 1.015 + 0.037*¢ 1.238 + 0.07¢ 0.197 + 0.006° 0.272 + 0.008"° 0.544 + 0.014°
4 0.519 + 0.024¢ 1.010 + 0.026* 1.077 + 0.094" 0.196 + 0.006° 0.255 + 0.009" 0.504 + 0.009°
5 0.511 + 0.0146° 0.991 + 0.036™  1.064 + 0.068"™ 0.195 + 0.006“  0.247 + 0.007" 0.500 + 0.013¢
6 0.496 + 0.016° 0.951 + 0.036¢ 1.036 + 0.048 0.193 +0.005“  0.234 + 0.007° 0.492 + 0.012¢
8 0.462 + 0.018¢ 0.916 + 0.028¢ 1.009 + 0.044% 0.186 + 0.006'®  0.230 + 0.006"®°  0.439 + 0.00%¢
10 0.449 + 0.024¢ 0.844 + 0.026° 0.993 + 0.052" 0.182 + 0.004° 0.224 + 0.007" 0.403 + 0.020°

& Abbreviations are DM, dry matter content (%, w/®RM, fat in dry matter content (%, w/w). Valueg @xpressed as mean * standard error (n = 6);
means within a column (the difference between tfierdnt holding times) and within a row (the diféemce between the dry matter content and the fat
in dry matter content) followed by different supmigt uppercase and lowercase letters differ sicgmitly (P < 0.05).
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