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ABSTRAKT

Cilem této prace bylo zkoumat vliv aplikace fostora@i a nizkoesterifikovaného pektinu
na viskoelastické vlastnosti tavenychisyPrace se skladala za dvou experimgeRtly
v prvnim byl zkouman vliv fidavku 6iznych fosforénani (mono-, di-, tri- a polyfosfoke
namni) na texturni vlastnosti tavenych 8yDruhy experiment se zabyvaligavkem snisi
dvou tiznych fosforénani v ménicim se poréru (polyfosforénan s monofosfotmanem
nebo difosforénanem). V obou ifpadech byly vyrobeny i vzorky obsahujici 0,4 % w/w
pektinu. Chemick& a reologicka analyza ukazalyrizeé typy fosforénam maji odliSny
vliv na pH (ve ¥tSireé piipadi ho zvysuji) i na viskoelastické vlastnosti. Tuhwzorka
rostla v nasledujicim gadi: monofosforénan, di- a polyfosforaan, trifosforénan. Pou-
Zitim snesi 2 fosforénani se ukazalo, z&m vice je ve sisi mono- nebo difosfosman,
tim vySSi je pH. A taktéZim vice je polyfosforénanu ve srsi, tim roste i tuhost vzorku,

ale jen do utité hranice. Hdavkem pektinu doslo ke zvySeni tuhosti viork

Kli¢ova slova: taveny syr, pektin, fosforany, reologie



ABSTRACT

The aim of this thesis was to investigate the ¢ftéphosphates and low-methoxyl pectin
application on viscoelastic properties of processezbse. In the first part of this thesis was
explored the influence of the addition of differephosphates (mono-, di,- tri and
polyphosphates) on textural properties of procesbegse. The second part dealt with by
adding a mixture of two different phosphates irfedént ratio (polyphosphate with mono-
or diphosphate). Samples with and without 0,4 % wiwectin were prepared in both
cases. Chemical and rheological analysis showednti@idual types of phosphates have a
different effect on pH (in the most cases it wasesbed the increase of pH values) and
also on the viscoelastic properties. If differehbgphates were used, the firmness of the
samples increased in the following order: monophaty di- and polyphosphate,
triphosphate. The more amounts of mono- and dighaiss were in the binary mixture
(with polyphosphates), the higher pH of samples whserved. The more amounts of
polyphosphates were in the binary mixture, the éidirmness was stated. On the other
hand, the latter rule had the limitation. The iase of firmness of tested processed cheese

was observed due to pectin addition.

Keywords: processed cheese, pectin, phosphatedogye
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UvoD

Tavené syry pét mezi stale oblibetj§i potraviny dnesni doby. Konzumenti vSak mnohem
castji pozaduji po producentech vyrobky rozdilnych kistenci, chuti, tvdr, baleni aj.
Aby bylo mozZné dmto poZadavk vyhowt, je treba neustale zkoumat strukturu tavenych
syni a jeji znény po gidavcich novych surovin. Jak je znamo, tavici giu bezesporu
dulezitou sloZzkou tavenych syr Tyto latky tvai prevazré fosfor&nany nebo citrany a
jsou nezbytné pro vyt¥eni homogenni struktury vyrobku. Existuje vSak nmdruhi jak
fosforenani, tak citrari, které se liSi ve vlastnostech a maji odliSny wvias tvorbu troj-
rozmerné matrice syra. Prévosfore&nany vSak mohou byt problematické z hlediska vyzi-
vy. Mléko a samazjmeé i mlécné vyrobky jsou hlavnim zdrojem vépniku v naSeneljid
nicku. Taveny syr je sice vyréb z @irodniho syra, ktery obsahuje Zn& mnozstvi vapni-
ku, avSak tim, Ze seipryrobé pouziji fosforénanové tavici soli, se ide snizit biovyuZzi-
telnost vapniku. Proto se v dnesni élédda praci zabyva mysSlenkatim alespé caste&ne
nahradit fosforénany pouZzivané jako tavici soli. Jednou z mozrjegtbuzit praw hydro-
koloidy jako jsou nafiklad pektiny, jejichz &inek na viskoelastické vlastnosti byl taktéz

predmétem vyzkumu této diplomové préce.

Smyslem diplomové préace je tedy popsat vliv apkkiosforénani a nizkoesterifikované-

ho pektinu na viskoelastické vlastnosti tavenyafi.sy

Diplomova préace se sklada ze dvou hlavrii@sii a to teoretické a praktickéast teoretic-
ka je dale rodenrena nati kapitoly, z nichZ prvni se zabyva obecnou prolagkou tave-
nych syfi, druha kapitola shrnuje poznatky o pektinu a j@hou hlavnich druzich (HMP a
LMP) a teti kapitola vysutluje interakce mezi biopolymeryjgdevSim pak interakce mezi
mlécnou bilkovinou kaseinem a hydrokoloidem pektinemakBckacast obsahuje metodi-
ku, vysledky a diskuze. V metodice je uvedetipnava modelovych vzotka jejich che-
micka a reologicka analyza. Déale jsou zde pops&ayesperimenty, které byly provéuy
v ramci diplomové préace. V nasledujicich kapitolggbu pak shrnuty vysledky veSkerych
chemickych a reologickych analyz a diskutovany néo#lopady dchto vysledk, které

mohou byt vyuZitelné v praxi.
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1 TAVENE SYRY

Taveny syr je miény produkt, ktery je vyroben z#ikianim sndsi riznych druth piirodni-

ho syra s tavicimi solemi zZ@sténého podtlaku a stalého michani do vzniku homogenni
konzistence. [1] \Ceské republice je pojem taveny syr definovan vel&&te Minister-
stva zemidélstvi ¢. 77/2003 Sb. jako syr, ktery byl tep&lopraven za idavku tavicich
soli. Tato vyhlaSka taktézlkd tavené syry a to podle obsahu tuku v stiSikako ,nizkot-

ny* Ize ozn&it taveny syr s obsahem tuku v suSirejvyse 30 % hmotnostnich. Jako vyso-
kotwny lze oznait taveny syr s obsahem tuku v susSimejmért 60 % hmotnostnich. [2]
Ve Spojenych statech americkych jsou tavené syrgteny do ti hlavnich skupin, které

se liSi gedevSim obsahem tuku, vody, pH a mnozstvim patlZisurovin. Jedna se o
pasterovany taveny syr (anglicky ekvivalent - pasted processed cheese), pasterované
tavené syrové produkty (pasteurized processed eleesls) a pasterované tavené syrové

pomazanky (pasteurized processed cheese spre{ds). [

Pavodni divod, pr@ vyraket taveny syr, byla snaha prodlouzit dobu trvanlivpsirodniho
syra a najit jeho alternativni vyuziti. V dneSnbé&gsou tavené syry vyr&né hlave pro
jejich vznistajici oblibu u konzumefit Je mozné je pouzit v mnoh&nych variacich, a to
bud’ jako surovinu fi pripraw pokrmi nebo jako vyrobek deny k gimé spoteks. Tave-

né syry se mohou liSit v konzistenci, chuti, vesiko tvaru. [1]

1.1 Suroviny pro vyrobu tavenych syni

Hlavni sloZkou pouZivanoutipvyrobé tavenych syir je piirodni syr. VCeské republice je
pouzivana fedevsim Eidamska cihla, Eidamsky blokianém obsahu tuku v susirMo-
ravsky blok nebo Primator. Aby byla vyroba tavenékia Uspsna, je teba velmi péivé
volit ptirodni syr. V ikterych zemich je taveny syr vygbpouze z jednoho druhdippd-
niho syra, ktery v3ak iie byt v fizném stupni prozrélosti. Mnohetastjsi je vSak pouzi-
ti smesi odliSnych pirodnich syii. Mezi kritéria pro vybr této hlavni suroviny p#itobsah

tuku, konzistence a struktura, stig@ozralosti nebo ndjklad chu'. [4]

Mezi dalSi suroviny miného fivodu Ize zégadit mi&ny tuk neboli maslo a mtéé bilko-
viny ve forn® kaseinati, kaseinu, syrovatky, tvarohu nebo suSeného miléka.
Pt vyrob¢ tavenych syir je vSak pouzivanarada surovin nemé&ého mivodu. Aby byla

dosaZena jemn& a homogenni struktura finalnihobkgroje nutné ke sési piidat tavici
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soli. Negastji se pouzivaji fosforany, polyfosforénany nebo citrany. Jako dalSi latky
ovlivaujici konzistenci Ize uvéstizné druhy hydrokoloid, jako jsou pektiny, karagenany,
xantanové gumy a jiné. Pro ochuceni vyrobku izeégb tizné druhy zeleniny, Sunku, Zam-
piony nebo keeni. [5]

e

Tavici soli jsou jednou z nejtezit¢jSich slozek f vyrobé tavenych sylr. Jsou pouZzivany
pro jejich schopnost vyt¥at homogenni strukturuébem taviciho procesu, coz jeigo-

beno od&tpenim vapniku z proteinové matrice, peptizaci pmétgejich hydrataci, bobt-
nanim a disperzi.iRlavkem tavicich soli taktéz dochazi k emulgaciitaliejich stabiliza-

ci, je upraveno pH a po zchlazeni se vijty@zadovana struktura. [6]

Na kaseinové frakce obsazené v mlédgenbyt pohlizeno jako na molekulu, ktera mé jak
hydrofobni tak hydrofilni segment obsahujici kahsitosfat (viz obr. 2). Z tohototdrodu
funguji molekuly kaseinovych frakci jako emulgatoRozpustnost kaseinu ve odznis-

ta, kdyZ je obsah kalcium fosfatu snizovan. Cileidavku tavicich soli je tedy zvysit roz-
pustnost kaseinu vynou ionfi vapniku za ionty sodiku. Z nerozpustného parakasei
vapenateho tak vznikne @co rozpustyjSi parakaseinan sodny (obr. 1xhBm taviciho
procesu, vlivem vysokych teplot, jsow@ny polypeptidové vazby. Polyvalentni anionty
tavicich soli se Zgnou navazovaties vapenaté ionty na proteiymz se zvySuje jejich
hydrofilni charakter. Proteinové molekuly¢p@u vazat vodu z okoléimz vzroste viskozi-
ta taveniny. Tento proces je nazyvan jako tzv. knémni. Vazba fosfatové skupiny na pro-
tein je mozna bdito estero¥ na karboxylovou skupinu serinu nebi@p vapenaté ionty na

karboxylové skupiny. [4]

0
Vi -
SER-0-P-0 + NaA H,0
OH S0 . v
L0 C8 zahey SER-0-P-0 Na" + CaA
P\_'O OH //O =

+oH P-0 Na*
0~ 4 OH

SER

¢

Ca-parakaseinat Na-parakaseinat
(piirodni syr) (taveny syr)

Obrazek 1 — chemicka reakci pyrob¢ tavenych syi [1]
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V piirodnich syrech jsou tukové kel obklopeny proteinovou matrici. Ukol reemulsifi-
kace spoiva v tavicich solich, které pod vlivem zétu zvySuji emulgai schopnosti
syrovych proteifi. Nasleds pii procesu taveni dochazi ke zmenSeni a rozptyléwivich
kulicek a ke vzniku homogenni hmotyti Rybéru tavicich soli a jejich po#énu je nutné

zohlednit, Ze jejich skupiny majizné vlastnosti. [6]

@1\\ {7y submicela
4  kalcium fosfat

AL peplidowvy fetézec k-kaseinu

Obrazek 2 — kaseinova micela [13]
PouZziti tavicich soli obvykle #gobuje zvySeni pH taveného syra, které jefitogniho
syra v rozmezi 5,0 - 5,5 a u taveného syra 5,08.-\Bjznam zminy pH souvisi s pufrovaci
schopnosti syra, pH roztoku tavicich soli a nagu#ci schopnosti tavicich soli. Z tohoto
duvodu jsou neustéle prov&dy rizné studie, které zkoumaji vlianych tavicich soli na

texturu vysledného produktu. [7]

Mezi negastji pouzivané komeni sntsi tavicich soli séadi fosforénany, polyfosfore-
nany a citrany. Slozeni jednotlivych tavicich s@iténet vzdy tajemstvim dodavatele.
Molekula tavicich soli se skladd z monovalentnifadidau (sodného) a polyvalentniho

anionu (fosforéného).

Fosforé&nany jsou latky obsahujici fosfor jako centralminat na ktery jsou navazatyii
atomy kysliku. Strukturhnejjednodussim je ortofosfa@man, ktery obsahuje pouze jednu
PO, skupinu. Spojenim dvou ortofosférean vznikne difosforénan, jinak taktéz nazyva-
ny jako pyrofosorénan. Pokud soli obsahuji ta vice fosforénanovych aniof, jedna se
uz o polyfosforénany. [8]

V praxi se jen #dka pouZivaji samostatné soliét¥inou se jedna spiSe o jejich&m pro-
toZe se tak ivou kombinovat jejich odliSné vlastnostii Ryrob¢ tavenych syir dochazi

k vymené vapenatych katiahn které jsou divalentni, za monovalentni kationydizh soli.
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Schopnost jednotlivych tavicich soli ddlovat vapenaté kationy je v nasledujiciniauti:
polyfosfor&nany> pyrofosfor&nany> ortofosforénany> citrany. Ridavkem tavicich soli
je rovrez ovlivnéna hodnota pH. Vhodné pH je velmildzité, protoZe ovliiuje texturni
vlastnosti finalniho produktu. Pufrovaci schoprtasicich soli neboli schopnost stabiliza-
ce pH systémuiti okolnim vlivam, klesa s rostouci délkdatizce. Pro fosfor@any ob-

sahuijici vice nez deset (P® skupin je pufrovaci schopnost t&hmulova.

Tavici soli maji iznou schopnost podporovat emulgaci v tavenych Byidera je dana
v nasledujicim pkadi: trifosforénany> pyrofosforénany> polyfosfor&nany (s vice nez
10 fosfatovymi skupinam@ ortofosforénany stejs jako citrany. Toto piadi je v zaklad

shodné s p@adim pro schopnost tavicich soli étitvat vapenaté ionty.

V tavenych syrech dochazéhem vyroby a skladovani k hydrolizdm procedm tavicich
soli. Nejrychleji jsou hydrolyzovany polyfosfareany a pyrofosformany, u ortofosfore
nam se pak rychlost hydrolyzy zpomaluje. Stapwdrolyzy roste p delSich¢asech a vys-
Sich teplotach taveni. Stejjako zavisi na tepléta délce skladovani. DalSim faktorem
ovliviujicim hydrolyzu niZze byt napiklad obsah vody ve vyrobku nebo délka fosfatového
ietézce. Hydrolyza je také n&mounmerné zavisla na mnozstviijgavanych tavicich soli.
Pokud je do vyrobkuifdano nadmirné mnozstvi, tavici soli se dokonale nerozpustiia

Ze hrozit tvorba krystél Negativnim dsledkem hydrolyzy probihajicifipskladovani mo-
hou byt znény v tuhosti vyrobku a vykrystalizovani tavicichis®alSimi divody krystali-
zace jsou pravghodobré pridavek laktézy (pesyceni krystaly laktdzy, které pak slouZzi
jako krystaliz&ni jadra pro mineralni latky) a tvorba nerozpusknigeystati fosfor&énanu
vapenatého (vysledek interakce aniorthvicich soli a vapniku obsaZzeného v para-

kaseinu). [5]

V neposlednfad je nutné taktéz zminit bakteriocidniidek fosforénani. Vzhledem
k pasobeni polyfosfor@an, gram pozitivni bakterie se jevi jako mnohem wi{Bi nez

gram negativni. [9]

Baktericidni nebo bakteriolytickycinek je dan schopnosti polyfosforan vazat se na
bunéénou stnu a chelatovat kationty kéynag. vdpenaté nebo kgnaté). [10] Chelataci
ovliviiuje fada faktod jako pH, teplota, iontova silafippmnost kovovych iorita slozeni
prostedi. Polyfosforénany vytvéi stabilni komplexy s kationty kdy které jsou vSak ne-

zbytné pro normalniast mikroorganism. Z tohoto divodu funguji polyfosforénany jako
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inhibitory rastu. [11] Mnohé studie ukazuji, Ze polyfosirany inhibuji fist a produkci
toxini u mikroorganism jako jsouStaphylococcus aureusastupci rodiClostridiumnebo
n¢které plisk. Zaika a Kim [12] zjistili, Ze polyfosforman sodny inhibujelist bakterie
Listeria monocytogeneMaier, Scherer a Loessner [9] pouZili jako mogglmikroorga-
nismusBacillus cereusTato bakterie je sportujici, gram-pozitivni auzéitych podminek
muze tvdit toxiny. Védci zjistili, Ze vysSi koncentrace polyfosfonanu misobi bakterio-
cidné a zmisobuje lyzi bugk. DalSim dilezitym zjiS€nim bylo, Ze uz koncentrace 0,1 %
polyfosfor&nanu inhibovala vykéieni spor a jejich nasledngst a i vySSich koncentra-
cich (1,0 %) doSlo az ke z#ini spor.

NejpouzivagjSim citranem pouzivanym jako tavidil §e citronan trisodny (N&sHsOy).
Mono- a di-sodné citrany s&tginou pouzivaji ke korekci hodnoty pH &ntaveného syra
a to tak, Ze ji sniZuji. Tohoto lze vyuZziteplevSim pokud jeipvyrobé pouzit velmi zraly
piirodni syr s vysSim pH. Citran trisodny je vhodmifit jako emulgéni ¢inidlo, avSak

tato tavici 8l nema takovy bakteriostaticky efekt jakelta polyfosforgnany. [5]

1.2 Analogy tavenych sy

Analogy tavenych syrjsou produkty podobné tavenym &qyr, které jsou vyramy hlavre

z ml&ného proteinu neboli kaseinu a rostlinnych wléjlavni vyhodou, zvySujici kazdo-
ro¢né oblibenost &chto vyrobkKi, je nizSi cena zidodu levrgjSich surovin. Z nutiniho
hlediska je zde také nutné zminit vyhody plynoupbmziti rostlinnych oléj, které obsa-
huji polynenasycené mastné kyseliny vhgsinpro lidsky organismus a nizsi obsah cho-
lesterolu. [14][15]

Analogy tavenych syrse @li podle pouZitych surovin nasledavn

1. Analogy zaloZzené na slozkach kniého mivodu - jsou vyraény bul’ z mi&ného

tuku anebo z migych bilkovin (kaseinu, kaseirigpop. jejich sngsi).

2. Analogy scasté&né nahrazenymi mkgymi slozkami — udchto vyrobki je prevaz-
né mlé&ny tuk nahrazen rostlinnym olejem (sojovym, podzeavym, kokosovym
aj.)

3. Analogy bez mlénych sloZzek — ve vyrobcich je nahrazen jakamjeprotein, tak

mlécny tuk surovinami rostlinnéhaigodu. [15]
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Technologie vyroby analdgtavenych syir je velmi podobnadzné vyrokt tavenych syi.

Kasein nebo kaseinat je nejprve smichan s malymzstwion vody, naslednje pidan

rostlinny olej spolu s kuclhigkou soli, kyselinou mé&ou a tavicimi solemi. ® se vSak
piidava jen jako dochucovadlo, pokud jsou pouZivad@gkové pisady. Snss je nasledd

zahrivana na pastetai teploty (70 — 100°C) po dobu 4 — 15 minut a t&@esmichana.
Vyrobek je naplan do obal, zchlazen a skladovan. [14]

Analogy tavenych syrnachazi mnoha uplaini v potravinéském sektoru. Jsou pouzivany
piedevsim v restauracich a fast-foodechrikdgod jako posypy na pizzu nebo do hamburge-
ra. [14]
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2 PEKTIN

Pektiny jsou latkyradici se mezi polysacharidy a nachazejici se limogth buréénych
stnach, kterym spolu s ostatnimi slozkami udavajinpst a elasticitu a chrani rostlinii p
nizkych teplotach a suchu. Taktéz hragitou roli ve vyzi lidi, protoZe jsou to slozky
rozpustné vilakniny. Pro ziskani pektinu se vyuzipggdevsim vedlejSi produktyipryro-
bé¢ dZudi jako jsou citrusova tka nebo vylisky z jablek. [18] Pektin se v potr&isivi
pouziva hlava pro svou schopnost tiib gel, stabilizovat a zaht@vat. Negastji se fi-

dava do vyrobk jako jsou dZzemy, jogurtova mléka, zmrzliny a jifs]

2.1 Struktura pektinu

Pektin je definovan jako heteropolysacharid obdahpfevazié kyselinu galakturonovou,
ktera je vazana glykosidickou vazbat(1-4) v linearnitetzec. DalSi hlavni s@asti za-
kladni struktury pektinu je monosacharid rhamndzko postranniettzce mize kyselina
galakturonova obsahovatcité mnozstvi neutralnich sachatrighko napiklad arabindzu,
galakt6zu nebo xylézu. (viz obr. 3) Na 2. nebo Hiku mize byt kyselina galakturonova
acetylovana. Karboxylové skupiny kyseliny galakhoweé taktéz mohou byt déané miry
esterifikovany methanolem. Stupenethylesterifikace zavisi na druhu rostliny, zeré&t
pektin pochazi a také sdrovliviiuje fyzikalni vlastnosti pektinu. [16] [17] Pokue ¢steri-
fikovano vice jak 50 % karboxylovych skupin, jeds@ o vysokoesterifikovany pektin
(HMP), pokud je vSak stupeesterifikace mensi nez 50 %, héwvoe o nizkoesterifikova-
ném pektinu (LMP). [18]

Rozvétveny retézec Linearni retézec
-------------- 1 e |
¢
. Y T Vit
R
¢
0LO00000a0N0ND :n-uunhhﬂldrjhﬁé baddbboon
+
&
P Kyselina galalk turonova % Calaktéza

U Metylovana kys. galakturonova £ Arabingza
® Ehamnoza

Obrazek 3 — z&kladni struktura pektinu [17]
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2.2 Vyroba pektinu

Jako nestarSi zdroj pektinu byly vyuzivany j&hke vylisky, které tviily odpad g vyrobe
dZudi. V dnesni dob se vSak népstji vyuziva jako hlavni zdroj citronovéaika a mea
pak kira z limetky, pomerate nebo grapefruitu. Dnes téimevyuZivané, ale mozné zdro-

je pektinu, mohou byt najlad i cukrovarepa nebo sluraice. [32]
Vyroba pektinu zahrnujégithlavni kroky:

1. extrakci z rostlinného materialu

2. precisteni extraktu

3. izolace pektinu

Extrakce nfiZze probihat jak v kyselém, tak v zasaditém penst (Ri zasadité extrakci
ziskdme LMP, protozZe jsou v pektinu zmydein esterové skupiny.) Postup pxtrakci je

nasledujici: rostlinny material je zZ@an na teplotu 70-90 °@o dobu paebnou vylouze-
ni poZzadovaného mnozstvi a kvality pektinu. Takipravena srés je filtrovana ve vaku-

ovém rot&nim bubnovém filtru. [32]

Pektin je poté ze vzniklého filtratu vysrazen oigkym rozpou&tdlem, ve kterém je pek-
tin nerozpustny, ale ®estoty ano. Jako organickych rozpattil se vyuzivd metanolu,
etanolu nebo isopropanolu. Alternativnhi metodowesduz nevyuzivanou, je vysoleni pekti-

nu pomoci chloridu vapenatého. [31]

Takto vysrazeny pektin je odlén bul’ separaci anebo centrifugaci, vypranizatiu od-
straréni neistot, ususen a rozemlet na poZzadovanou jemnastn(Ppraci tekutina fize
obsahovat zasadu, ktera upravi pH vysledného pekifiskany pektin bude mitiznou
schopnost tvist gel, coz zavisi zejména na jehdvpdu, na kval& pivodniho materialu a
také na metotlextrakce. [31] [32]

2.3 Tvorba gelu

Schopnost pektinu t¥ih gel zavisi pedevSim na stupni esterifikace. Jak vysokoesterifik
vané pektiny, tak nizkoesterifikované pektiny jsmhopny vytvéet gely, avSak za odlis-

nych podminek. [18]
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2.3.1 Vysokoesterifikovany pektin (HMP)

Jak uz bylo #ive poznamenano, HMP obsahuji 50% a vice esteviikych karboxylo-
vych skupin. Tento typ pektinu obvykle vytv@el pomoci hydrofobnich interakci (mezi
skupinami metylesté&) a vodikovych vazeb mezi metylovymi skupinarfi@mych pektino-
vychietzci a to v gitomnosti sacharidub5 %) a pi nizkém pH £3,5). [18][20][21]

Ke tvorke gelu dochazi, kdyZz se karboxylové skupiny kysetiajekturonov&aste&ne di-
sociuji, zatimco se pektin rozpousti, cozisgbuje negativni naboj molekul a jejich vza-
jemné odpuzovani. ProtoZze maji pektinové molekugokou schopnost vazat vodu,
vzniknou silné vodikoveé vazby prawmezi pektinem a molekulami vody a pektin je hydra-
tovan. Pro tvorbu gelu je vSak nezbytné, aby sélyweazby polymer-polymer a ne poly-
mer-voda. Proto je nutné k vysokoesterifikovanérslatipu gidavat sacharidy (jako na-
piiklad sacharézu, fruktézu nebo glukozu), kteréghModni aktivitu. Se vAistem mnoz-
stvi sacharidl roste i tuhost gelu a séasre roste i rychlost tuhnuti. 8iem poklesu afinity
vody se hydratace snizi, a proto se molekuly pektanou k sob priblizovat. V tomto
stavu, pokud je pH vysSi nez 3,5, jsou odpudive migézi pektinovymi molekulami tak
silné, Ze ke vzniku vazeb nedojde. Je tedy nutigapkyselinu,éimz se snizi disociace
kyselych skupin a tim se snizi i odpudivé sily mapiekulami. Vytvéi se vazebna zona
mezi molekulami pektinu skrze vznik vodikovych Viazeezi karboxylovymi skupinami
pektini. Hydrofobni interakce mezi metylestery peltidodaténé stabilizuji trojrozndr-
nou st gelu. S klesajicim pH roste tuhost gelu atast se zvySuje i teplota tuhnuti. Ky-
selé pH taktéz snizuje rozpustnost polysacliafidens kyselé prosedi je vyzadovanoip
vys8im stupni esterifikace a naopakbsterifikovany pektin rive tvdit gel i bez pi-
tomnosti kyselin. Mimo to se jeStnohou vodikové vazby objevit mezi pektinem a sekun

darni hydroxylovou skupinou molekuly sacharidu.][28][49][50].

Stupe esterifikace ufuje pongr tuhnuti a teploty, ip které se zahajuje gelovai, kdyz je
pektin chlazen. Pektiny, u kterych dochazi k ryohiéuhnuti, jsou ty, jejichZz stupeste-
rifikace je v rozmezi 70-80 %. Naopak pomalu tuhpelstiny s 55-65 % esterifikovanych
karboxylovych skupin. Na stupni esterifikace takt@¥isi mnozstvi peebného sacharidu,

protozZe s rostoucim stugm esterifikace vrsta i potebné mnozstvi sacharidu. [19]

HM pektin slouzZi obvykle jako stabilizatotiglisperzi proteifi v produktech se snizenym

pH jako jsou jogurty nebo kysané rahé& napoje. [21]
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2.3.2 Nizkoesterifikovany pektin (LMP)

Za LMP jsou povazovany ty, které maji esterifikowdnéré nez 50% karboxylovych sku-
pin. Tyto pektiny jsou vyuzivany zejména v produkies nizkym obsahem sachdirighro-
toZe jsou schopny vytvét gel v prosedi kde je jich malo nebo kde se nevyskytiijiec.
Pritomnost sacharidtedy neni nutnd, avSak pokud jsou v piexdit @gitomny, zvysu;ji tu-
host gelu a také jeho teplotu tani. [18][20] Fua R3] ve své praci uvedli, Zéifpmnost
sacharid ovliviiuje greménu ze solu na gel a naopaki ®orb¢ gelu hraji hlavni roli hyd-
roxylové skupiny sacharid které napomahaji ke stabilizaci struktury vazebrgon. Tyto
hydroxylové skupiny na sebe totiz navatégpvodikové vazby volnou vodu ze systému,
¢imz dojde k jeji imobilizaci. Tim padem je podpoa vazba pektinu s vapenatymi ionty a

zvySena pevnost gelu. [27][51]

Jako dalSi nezbytnou stast prostedi vyZzaduji LMP dostatek vapenatych ion¥ytvore-
ny gel ma strukturu trojrozénné sit, ve které jsou k s@jednotlivéiettzce poutany f@s
karboxylové skupiny pomoci vapenatych innf21] Pro lepSi vysitleni praw struktury
nizkoesterifikovaného pektinu byl sestaven tzv.g;egx model“, ktery je znazokn na
obrazku 4. Tento model je sloZzen ze 2 sousedictdbkul pektinu, které jsou k sdlpfi-
pojeny vapenatymi ionty. Ve vysledku potomitvdve jednotky kyseliny galakturonoveé se
dvémi protilehlymi jednotkami jakési dutélo, uvnit kterého jsou ukotveny Eakationty.
Véapenaté kationty spojuiettzce dohromady pomoci elektrostatickych a iontowaheb.
K vytvoreni tzv. vazebné zony je zafeti, aby bylo uvnitiettzce minimalg 7 po sob
jdoucich volnych karboxylovych skupin. Podle Thkah je dokonce zaptebi 14-20 vol-
nych karboxylovych skupin po séldoucich. [30] Vzhledem k prostorovym vlastnostem
pektinovéharettzce miZze byt spojena s vapenatym iontem pouze kazda dwarbaxylova
skupina. Methyl esterové skupiny mohou b§temwny ve vazebné zé@nen v tom pipack,
kdyZz karboxylové skupiny na ofr@ stral nejsou esterifikovany. Vysledkem zésit je
pak tvorba gelu. [26][28][29]
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Obrazek 4 — Schematické znazarntvorby gelu LMP (tzv. egg-box
model) [25]

Mnozstvi vapenatych ioatovliviiuje tuhost gelu, protoz&m je jejich koncentrace vyssi,
tim tuzsi gel vznikne.#iS nizka koncentrace vapnikuigobuje, Ze vznikly gel je ,slaby”
a @i manipulaci s nim neni soudrzny. Na druhou straokud by byla koncentrace vapni-
ku piilis vysoka, gel by byl kehky* a n€l tendenci k synerezi.iRlavek nadrérného
mnoZstvi totiz zpsobuje vznik ve vosinerozpustneho kalcium pektinatu. Nejvyznéajain
texturni vadou je pr&zmirena synereze, ke které dochazi u¥aim vody z trojrozrérné
sit gelu. [22] Afinita vapenatych iofitk LMP zavisi také na stupni esterifikace. Pokud je
obsah C% iontii konstantni, pevnost gelu roste s klesajicim stupasterifikace. To Ize
vyswétlit tim, Ze stupg esterifikace ma vliv na pevnost vazby vapniku ado&xylové sku-
piny pektinu. DalSi vyznamnou roltiptvorbé gelu je zfisob, jakym jsou vdpenaté ionty
pridavany. Pouzitim rychle rozpustnych vapenatych (®@ig. chloridu vapenatého) vznika
gel pongrn¢ rychle. Pokud je vSakijldvan citran vapenaty, tvorba gelu je pomalej&. K
tvorbe gelu dochazi u LMPipurcitych teplotach a také v zavislosti na koncentvagiena-
tych ionfi. Teplota tuhnuti totiZz stoupa s rostoucim mnobst@fidavaného vapniku. Za-

vedenim amidovanych skupin do molekuly pektinu dagdnym intermolekularnim a in-
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tramolekularnim vodikovym vazbam. Tim padem nesystému pdtba tolik vapenatych
ionta, které by se jinak podilely na vazvou molekul pektinu. Z toho vyplyva, Ze se mo-
hou amidované pektiny pouzivat do prodikide neamidované pektiny gel netiygako
napiklad v produktech s niz§im obsahem vapniku nehmwoduktech s neutralnim pH.
[28][52]

Narozdil od vysokoesterifikovanych pektjrkteré patebuji kyselé progedi, nastava gelo-
vaténi u LM pektim pti Sirokém rozmezi hodnot pH, zpravidla 2,5-7,0.v3dstem hod-
noty pH ze 4,0 na 7,0 jsou pektinoyezce mnohem citligjSi k vapenatym iordim.
Z tohoto divodu dochazi i pH 7,0 k synereziip niz&im obsahu Gane? i pH 4,0. Vy-
uziti tohoto pektinu jeigdevsim ve vyrobcich ldus kyselym anebo neutralnim prigstim
(nag. nekysané miéiné deserty).[20][21][24]

DalSi vlastnosti LMP gélje jejich termoreverzibilita, coZ v praxi zname#a, ¥ opétov-

ném zakati taji. Narozdil od HMP g&] které termoreverzibilni naopak nejsou. [27]

2.4 Vyuziti pektinu

Vyuziti pektinu je éiznorodé a zavisiipdevsim na typu vyrobku, jeho pH, iontové sile,
sloZeni, procentu sachaitia jejich druhu nebo pépna tom, kolik dané surovina jiZ sama

0 sol& pektinu obsahuje.

* DZemy a marmelady s vysokym obsahem cukrd jako prvni se pektin 2al pouZzi-
vat pra¥ do ovocnych dzetn Obsah rozpustné susSiny&ciito typech vyrobk je 60-
70 % a pH v rozmezi 3,0 - 3,3 (Pokud je pH vysSizense fidat kyselina citronova).

Z tohoto divodu je vhodné pouzit vysokoesterifikovany pektin.

* DZemy a marmelady s nizkym obsahem cukry do takovychto vyrobkje nejvhod-

n¢jSi pouzit amidovany LMP.

» Pekaské vyrobky — hlavnim poZadavkem pro dZzemy pouzivané v istkiaje jejich
stabilita i peceni. Poté taky zalezi na typu vyrobku, do kteréhazem pouzivan.
DZemy, které se pouZivaji ke glazovani gek@ach vyrobki, jsou termala reverzibilni
a je do nich pdavan amidovany pektin spolu s fosfémanovymi solemi (kontroluji

dostupnost vapniku a pH gelu).
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Mlééné produkty — zde je mozné pouzit jak LMP tak HMP. VysokoeBkavané
pektiny jsou vyuzivany pro svoji schopnost stabiiat proteinové disperze do vyrabk
se snizenym pH jako jsou jogurty nebo kysan&n@dénapoje. Zatimco nizkoesterifi-
kované pektiny jsou pouZzitelné jak do mléka, infeh dezeit, tavenych syr tak do
kyselejSich produkt [31][33] Problém nastava, pokud jsou do &nlgch vyrobki pri-
davany ovocné slozky, a tyto suroviny mohou vzagmviiviiovat. Interakce ovoc-
nych sloZzek s mignym produktem jsou popisovany jako tzv. ,post-getacoz je za-
piicinéno vazbou negativnnabitych karboxylovych skupin s Eanebo proteiny. Tato
.post-gelace” pak zisobuje nestejnoénné michani, jakoz i destabilizaci vysledného

produktu, ktery ma zvySenou tendenci k synere8j [2

DalSi aplikace— ragatové $avy, nizkotény margarin, nizkottna majonéza (ztuzuje
texturu), v mraZzenych produktech owiyje mist krystaii, zvySuje stabilitudsta a pozi-

tivné ovliviuje retrogradaci Skrobu, atd. [28]

Stupen esterifikace (%)

80 Klasifikace Typické vynziti
lcysane mlécné vyrobky
70 Rychletuhnouci dzemy
60 Pomalutuhnonci zele, culraiske a pekarske vyrobly
50 HMP Specidlni vyuzit dzemy (domaci pouziti)
LMP Nizka o
. produkty e snizenym obsahem cukim
40 = Stiedni Realdtivita
' vapniku
30 - Vysoka produkty malo kysele a s nizkym obsahem culau
20 -
10 —
_\lmkh’\r nekyselé potraviny, ¢iiidla pro dzusy

Obrazek 5 — Rozsah vyuziti neamidovaného pektiap [3
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3 INTERAKCE BIOPOLYMER U

Zkoumani interakci biopolymérje velmi dilezité, protoZze se vyskytuji té&nve vSech
potravinach, kde hraji velmi vyznamnou roli hlawnoblasti struktury, textury a stability.
V dnesni dob se uz mnohé vi o fugkich vlastnostech jednotlivych biopolynigavsak
znalosti v oblasti interakci protein-polysachatiteré se tvti v multifazovém komplexu
(jako jsou potraviny v tekutém stavu, emulze neblg)ge stale pokrné omezena. Néps-
t&jSi biopolymery vyskytujici se v potravinach gasre, jsou pra¥ proteiny a polysachari-
dy, které maji schopnost zaliagat nebo tviit gel. Znalost &chto vazeb je nutna nejen u
jiz zndmych vyrobk, ale gedevSim pro vytv@&ni a uvadni na trh vyrobk novych.
[34][35][36][37]

3.1 Interakce proteinua a polysacharidi

Interakce proteiin a polysachariil navzajem a interakce s ostatnimi slozkami syst@aau
ko jsou voda, tuky, cukry, ionty k@y povrchow aktivni latky aj.) ukuji vazby a strukturni
vlastnosti v potravindch. Vazbydhto biopolymeit ovliviuji funkéni vlastnosti proteiin,
mezi které séadi jejich rozpustnost, povrchova aktivita, schagirtedit gel, emulzi nebo
pénu. ZjednoduSenizefici, Ze existuji dva typy interakci meziznymi makromolekulami
a to gitazlivé nebo odpudivé. Tyto interakce jsou pak@@piné bu’ za tvorbu komplek,
nebo za nemisitelnost jednotlivych slozek. Vzhledetomu, Ze k vazbam dochézi ve
vodném prosedi, jsou ovliveny taktéZz hodnotou pH, iontovou silou a dale s,

hustotou naboje a koncentraci biopolyingB4]

3.1.1 Typy riznych intermolekularnich sil piispivajicich k interakcim biopolymera

Interakce mezi biopolymery mohou byizného typu. Mezi néastji se vyskytujici druhy

vazeb seéadi nasleduijici:

» Kovalentni sily — velmi silnd vazba vytwena mezi specifickymi reaktivnimi skupi-
nami na #znych makromolekulach (kovalentni vazbaé¢luge stalost protein-

polysacharidovych kompléx

» Elektrostatické sily — coulombické interakce, které mohou byt jakailive, tak od-

pudivé a také mohou byt silné nebo slabé v zavist@sstupni ionizace a koncentraci
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elektrolytu (celkova protein-polysacharidova intexaje velmi citliva ke zienam pH a

iontové sile)

* Vodikoveé vazby- jsou stedre silne, kratkého dosahufifazlivé interakce typu —O-

H*...>0<" (vodikové vazby se stavaji médileZitymi pri vzristajici teplot)

» Hydrofobni sily — stedrg silné, dlouhého dosahujifazlivé interakce entropického
pavodu mezi nepolarnimi skupinami agdienymi molekulami vody (hydrofobni sily

rostou na sile s rostouci teplotou, pouze vsakodgp

» lontovy mustek — specificky typ coulombickych interakci zahrnuji@zbu polyva-
lentnich kationi (nag. vapenatych) ke 2iznym aniontovym skupinam (stejné druhy

ionta mohou takeé fispivat k nespecifickym elektrostatickym interakgim

* Van der Waalsovy sily— slabé fitazlivé interakce elektromagnetickéhivpdu [37]

3.1.2 Dusledky interakci biopolymeni

Existuje r&kolik moznosti, které mohou nastat smichanim dvimpddymeit v roztoku
jako nap. roztoku polysacharidu a roztoku proteinu. Tytgyjezniklé v zavislosti na afini-
t¢ mezi biopolymery a rozpou&tlem jsou znazogmy na Obr. 6. Vazba 2 biopolynier

muZe byt segregativni nebo asociativni, papize dojit k jejich vzajemné misitelnosti.

Pt segregativnivazl® se biopolymery vzajendnodpuzuji (jsou ozr@vany jako neski-
telné) a proto se systém nakonec #tizdo dvou koexistujicich fazi (viz. obr. 6¢). Jadn
faze je bohata na protein a druha na polysachasol zde totiz dpdnostovany vazby
rozpou&dlo - polymer (1 nebo 2)ipd vazbami polymer (1) - polymer (2) a rozpe&dEt -
rozpoustdlo. Tento jev je nazyvan jako termodynamicka natnost a dochazi kému

za podminek, kdy se protein nachazi v gemlitneutralniho polysacharidu nebo polysacha-
ridu ve forng€ aniontu nesouci naboj stejného znameénka jako iprddegregativni fazova
separace nastane pouze yysoké iontové sile aipspecifickém pH, které bere v Gvahu

isoelektricky bod proteinu.

Pokud se jedn& o vazlasociativni, biopolymery se vzajendnpritahuji (Obr. 6b). Tento
jev nastane vifppadt, kdyz biopolymery nesou ofyay naboj jako naip pti pH mirné niz-
Sim nez je isoelektricky bod proteinu a &@sném zaporném néboji polysacharidu. Asocia-
tivni fazova separace je igpbena bdi elektrostatickymi interakcemi mezi biopolymery,

které ve ¥tSin¢ pripadech pevladaji, vodikovymi vazbami nebo hydrofobnimi natece-
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mi. Vysledkem je vytvieni tzv. koacervatu neboli faze bohaté na oba hyopery a faze
bohaté na rozpou&tlo s minimalnim mnozstvim biopolymerV systémech obsahujicich
dvé makromolekuly, které majifpdaném pH stejny povrchovy naboj byla popsanaéiakt
piitomnost slabych coulombickych interakci. Tento tymterakci je mozny hil

v isoelektrickém bodl proteinu, nebo blizko tohoto bodu, protoZe jsdunténimalizovany
elektrostatické odpudivé sily mezi podébmabitymi skupinami. Coulombické interakce
byly dokazany v systémech obsahujici énk& nebo syrovatkové proteiny a pektin, karage-
nan, xantan aj. [35][36][37]

Kruif a Tuinier [35] vys¥tluji vznik koacervatu nasledo¥nsmes proteirii a polysacharidl
muze byt nestabilni, pokud jsou vazby mezi polymesgciativni. V tomto fipac se po-
lysacharidy zénou adsorbovat na povrch proteinu. Pokud vSak merizstvi polysachari-
du v systému dostateé velké, aby komplethpokrylo povrch proteinu, fite se adsorbo-
vat sodasre na vice proteinovychasteek, ¢cimz vznikne tzv. feklenuti neboli ,komple-

xova koacervace*.

Posledni moznosti, kteraire nastat mezi @dwma biopolymery je jejichmisitelnost (zna-
zornéna na obrazku 6a). AufidSyrbe, Bauer a Klostermeyr [42] popisuji, Ze lsiteinosti
dojde, pokud spojeni mezi éwma tiznymi biopolymery je podobné jako spojeni mezi bio-
polymery stejného druhu. Takovyto systéistavd homogenni ifpvysoké koncentraci
biopolymefi. Naopak Kruif a Tuinier [35] tvrdi, Ze misitelnqdati jen pro velmi iedkne
roztoky. Systém je stabilni jen tehdy, kdyeyada smSovaci entropie a proteiny a poly-
sacharidy jsou misitelné. Se zvySujici se koncensa systéem stava nestabilni a dochazi

vétSinou k segregativnim vazbam.

b) tvorba komplexiti c) nesluditelnost

Obrazek 6 — Hlavni Zisoby chovani protein-polysacharidovychésin42]
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3.1.3 Interakce kaseinovych micel s pektiny

Aby bylo mozné pochopit mechanismus interakci nkeseiny a pektiny, je nejprve nutné
si fici nékolik informaci o kaseinu, hlavnim proteinu mlékasein je komplex fosfopro-
teini obsahujiciétyii hlavni frakce a tans;, asp, B ak-kasein a v mléce se vyskytujici ve
formé micel. Kappa-kasein funguje v mléce jako ochrakolpid, protoZe stabilizujes a
3-kaseiny v fitomnosti vapenatych ioft Micely jsou vSak naruSenyapobenim enzyf
(renninu) pi vyrob¢ prirodnich syii nebo okyselenimipvyrob¢ kysanych miénych vy-
robkii jako jsou jogurty. [38][39] SniZzeni pH &gobi znénu ndboje proteinu a nasledn
jejich rozpustnost. Kaseiny se stavaji nerozpusinyrejich isoelektrickém baf] ktery
piiblizné odpovida pH 4,6. Jak pH klesa, kasein pomalu iz hydratani obal a z&i-
na vytvaet shluky. [28]

Pt vyrobé kysanych mlénych vyrobki se vytvédi husta gi tvorena kaseinovymi micelami,
které jsou k sobpritahovany. Jako prevence vzniku kaseinovych agiggathodné pou-

Zit nagtiklad polysacharid aniontové povahy, ktery budegwat jako stabilizator. Ovsem
pouze za fedpokladu, Ze se bude adsorbovat na povrch kageinawicel. Jednim z pou-

Zivanych polysacharidje pra pektin. [43]

Interakce kaseins karagenany nebo pektiny, které jsdavazrié elektrostatické povahy,
jsou v dnesdni dabvelmi diskutované pravpro jejich schopnosti ovlivnit texturu a stabili-
tu nekterych ml€énych vyrobki. Karagenan iize chranit kaseiny citlivé na vapnibis{
nebof) proti vysradzeni tim, Ze interagujec(kaseinem vyskytujicim se na povrchu kasei-
novych micel. K ochrahkaragenanem dochazi i za podmingkkferych jsou karboxylo-
vé hydrokoloidy (pektin, karboxymetylcelulosa) tiné. Elektrostatické komplexy se
totiz mohou tvéit pii neutralnim pH. Naopak nizkoesterifikovany pekiiejmeé netvadi
komplex s kaseinovymi micelamtimeutralnim pH, &oliv tvoti gely v mléce v dsledku
vazby s vapenatymi ionty. Tvorba komplegektinu scastékami kaseinu p nizkém pH

se pouZziva iy stabilizaci zakysanych miéych napaj. [37]

Interakce mezi kaseinovymi micelami a pektiny zapiedevsim na pH prasdi, ve kte-
rém se vyskytuji. Mohou byt jakiipazlivé, tak odpudivé nebo k nim nemusibec docha-
zet. Obrazek 7 ehledrg znazofiuje jednotlivé situace v systému, kde je jsou kese?

micely spolu s LMP, § klesajicim pH (neboli f mlécném kysani).
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eV neutralnim prosedi (pH okolo 6,7), kde oba biopolymery nesou rigganaboj, se
pektin neadsorbuje a dochazi k odpudivym interakéim obrazek 7a) Ve vysledku se
tyto interakce projevi jako segregativni fazovaasape. H prekrateni ugité koncent-
race pektinu dochazi k tzv. defahé flokulaci. [21][40][41]

* Pokud pH klesne na hodnotiilgizné 6,0 (coz znazawuje obrazek 7b), vapenaté ionty
zanou migrovat z kaseinové micely do sérové fazenapiddpdi zesieni pektinovych
retézai. [53]

» P¥i pH okolo 5,0 dojde k disociaci koloidniho fosfonanu vapenatého, micely ochu-
zeny o ionty vapnikus-kasein ztraci svou ochrannou funkci a dojde k Lairegacim,

které jsou indukované préavapnikem (obr. 7c). [53]

» V prostedi, kde pH je v rozmezi 5,0 — 4,6 se objeviijaglivé interakce elektrostatic-
ké povahy, které vedou k adsorpci pektinu na pokesgeinové micely. Jev, ke kterému
dochéazi ve vyrobcich s kyselym pH se nazyvastkova flokulace®, a byl sledovan
tam, kde koncentrace pektinu nebyla dégiai k uplnému pokryti povrchu kaseino-
vych micel. Pokud vSak byla koncentrace zvySensigay se off stabilizoval a pekti-
nové molekuly zcela pokryly kaseinové micely. [2M]] Dickinson [37] popisuje
k jakym situacim dojde, jsou-li koncentrace polyinersystémuizné. V gipad ne-
dostaténého mnozZstvi pektinu, ktery by komplétpokryl cely povrch kaseinovych
casteek, dojde k jiz pedem zminné ,mastkoveé flokulaci, kde ¢které z molekul pek-
tinu jsou gipojeny sodasrE k vice nez jednéast&ce kaseinu. Pokud je mnoZstvi pek-
tinu optimalni, dojde k tzv. ,sterické stabilizad¢itloidni disperze. V tomtoifpac je
povrcheasté&ek zcela nasycen adsorbujicim pektinem a dochagtidbdizaci systému.
Treti moznou variantou je nadbytek pektinu, kteryzadnasledek vytweni sit gelu.
Podle Tuiniera a spol. [43] je adsorpce pektinkaseinové micely vicevrstva. Snize-
nim pH se tloud&a vrstvy i adsorbované mnozstvi zvySuje coz jgsepeno zvysenim

pozitivniho naboje na kaseinovych miceléach.
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A) pH 6.8

2

k-kasein LMP

B) pH 6.0
: E é a+2
LMP
C)| —o pH 5.0 - 4.9
—8

%

Iontova LMP
polymerizace

D) pH5.0-4.9 — 4.6

Adsorbce LMP na
kaseinové micely

Obrazek 7 — Ukazky interakci kaseinové micely s UisniZzujicim se pH [53]
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Podle Ovodova [18], interakci protéirs pektiny vznikaji komplexy jak dispergované
tak nerozpustné, jejichz struktura zavisi na gmjednotlivych biopolymear a pH. Jsou
tvoreny kovalentni vazby mezi tyrosinovymi zbytky piofea karboxylovymi skupinami

uronové kyseliny pektinu, coZibe vést ke vzniku trojrozémné sit.

Vysokoesterifikovany pektin, vyuzivany ve vyrobcinizkym pH, je diky své molekular-
ni struktde schopen se vazat na kaseinové micely a kgtivdk ochranny obal. Stabilni
interakce jsou tvigny pomoci iontovych vazeb medsté&n¢ negativié nabitymi pektino-
vymi molekulami a pozitivé nabitym kaseinovym komplexem (Ize taktéZ pozorovet-
rofobni interakce). Kasein ma pozitivni nabéj pH nizSim nez 4,6, a tak umafe in-
terakce s negativnnabitymi pektinovymi molekulami. Pokud vSak hodn@H gesahne
4,6, negativni naboje v molekule kaseinu budodievaze, coz zisobi odpuzovani nega-
tivné nabitych molekul pektinu. [28][35][36] Za titych podminek lIze fiddavkem HMP
piedchazet problétim, ke kterym dochazi ve vyrobcichepazre béhem skladovani. Jed-
nim z nich je sedimentace kaseinovych micel ve sp&asti vyrobku a dalSim pak &ov-
né shlukovani molekul do¢t8ich celk. Dodrzenim podminek se rozumi homogenizace
kaseinové suspenze ¥ifomnosti pektinu a pH v rozmezi 3,5-4,2. NaroztilHMP ma
LMP vice karboxylovych skupin a tudiz by s€lmpojovat s pozitivé nabitymi kaseino-

vymi molekulami mnohem pe¥ji. [42][44]
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CILE PRACE

Ukolem této diplomové prace bylo v teoretiakisti zpracovat literarni redersi, jejiz sou-
casti je problematika tavenych 8yiejich analog, pektinu, kaseinu a jejich vzajemnych

interakci.
Praktickacast diplomové prace #a nekolik nasledujicich ukal:

» vyrobit modelové tavené syry sigavkem jednotlivych fosfotmani a sledovat je-

jich viskoelastické vlastnosti,

* u dalSich modelovych vzaikupravit pH do optima pro tavené syry a popsatram

viskoelastickych vlastnosti,

* vySe zmigné modelové produkty vyrobit s aplikaci a bez agaik nizkoesterifiko-

vaného pektinu.



UTB ve Zling, Fakulta technologicka

34

. PRAKTICKA CAST



UTB ve Zling, Fakulta technologick& 35

4 METODIKA PRACE

4.1 Popis experimenti

V ramci této diplomové prace byl zkouman vliv aplile fosforénam a nizkoesterifikova-
ného pektinu na viskoelastické vlastnosti tavergjgh. Fri vyrobé vzorki byly pouzivany
raizné druhy jednotlivych fosfoteanovych tavicich soli (sodné soli monofoséomani,

difosforenani, trifosfore&nani a polyfosforénani).

Pro (tely prvniho experimentu byly vyrobeny modelové taesyry, které obsahovaly
vzdy jednu sodnouts kyseliny fosforgné jako tavici 8l (skupiny 1 — 3). V druhém expe-
rimentu byly pouzity sisi téchto fosforénani (skupiny 4 — 9). Vzorky byly vyraimy jak
bez pektinu, tak s 0,4 % w/w pektinu.

Smesi tavicich soli byly michany vzdy ze dvou kompangmno v fiznych pondrech. Dvo-
jice byly sestaveny tak, aby se vzdy tavici soligtatr liSily v pufrovacich a chelataich

schopnostech. SloZzeni tedy bylo nasledujici: éssmpolyfosforénanu spolu

s monofosforénanem a poté s¥a polyfosforénanu s difosforgnanem (viz tab. 1). [58]

Tabulka 1 — SloZeni i1 tavicich soli pouzivanych pro vyrobu tavenycti sy

Skupina tavenych sy 4,5 a 6 Skupina tavenych syr7,8 a9
Polyfosfor&nan sodny: NaHPOy Polyfosforénan sodny: N0
100:0 100:0
75:25 75:25
50:50 50:50
25:75 25:75
0:100 0:100

Aby mohl byt minimalizovan vliv pH jako jednoho aktori ovliviujiciho reologické
vlastnosti tavenych sy byla u vzork v obou experimentech nasleédprovedena Uprava
pH tak, aby nily piiblizné stejnou hodnotu. Uprava pH peditta pomoci fidavku kyseliny
(1M HCI) nebo zasady (1M NaOH) a to u vziik 6 a 9.
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4.2 Priprava modelovych vzorki

Z&kladni suroviny pouzivané k vyrdlbavenych sy (40 % w/w suSina a 50 % w/w tuk

v suSirg) byly nasleduijici:

e prirodni polotvrdy syr typu Eidam (Mlékarna Kreéffz — KROMILK s.r.0.; 30 %
w/w tuk v susSig; 50 % w/w suSina; sta8-10 tydrii)

e gerstvé maslo (min. 82 % w/w tuk)
+ deionizovana voda

» fosfore&nanové tavici soli — 3 % w/w, {Bclav - FOSFA a.s.): NBRO,, NgeHPO,,
Na,P,O;, NaH,P,0O7, NasP;O1p a polyfosforénan sodny

» neesterifikovany pektin z citrusovych ptod 0,4 % w/w, (Sigma Aldrich, Inc., St.

Louis, USA;>50 % w/w suSina>74 % w/w obsah kyseliny galakturonové)

K vyrobé modelovych vzori tavenych syir bylo pouzito tavici zdzeni Vorwerk Ther-
momix TM 31 blender cooker (Vorwerk & Co. Thermom@mbH, Wupertal, Bmecko).
Pokud byl do vzork piidavan pektin, bylo nutné ho nejprve hydratovantderoces pro-
bihal gimo v tavicim z&zeni za konstantniho michani, kde se pektin ndmtiathat spolu
s deionizovanou vodouripteplot 60°C po dobu 10 minut. Po uplynuti pekiné doby se
k pektinu gidal na kosttky nakrajeny firodni syr.cerstvé maslo, tavici soli a zbytek vody,
ktery nebyl spdaebovan na hydrataci pektinuiigtroj se uzakel a postupé se zdala tep-
lota zvySovat (za konstantniho michani) az na dysla teplotu taveni, ktera byla v tomto
piipadt 90+1°C. Doba vydrze byla 1 minutu. Hotovy vyrolisk za horka nadavkovan do
100g plastikovych krabek, které byly zataveny hlinikovou folii. Vzorkylgywchlazeny na
teplotu 6£2°C, fi které byly nasledhi skladovany. [58]

4.3 Chemicka analyza

Kazdy modelovy vzorek byl podroben chemické analktera se sestavala ze stanoveni

pH, tuku, susSiny a popela.

M¢éteni pH probihalo ip konstantni tepl@t 20£2°C pomoci pH metru GRYF 208L (GRYF
HB spol. s.r.0., Hawtkav Brod, Ceska Republika) se skk&mou elektrodou THETA 90 HC
113 (GRYF HB spol. s.r.0., Hawkiv Brod, Ceska Republika).
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Ke stanoveni obsahu absolutniho tuku byla pouzi@doAutyrometrickd metoda podle van

Gulika. Butyrometry, se kterymi bylo pracovanélyrozsah stupnice 40%. [45]

Stanoveni susSiny probihalo ve vysouSecich miskaehkterych byl taveny syr rozen
spolu s vysusenymi&mennym piskem a nasledsusen fi teplot 105+2°C do konstant-
nich Gbytki hmotnosti. Toto gravimetrické stanoveni suSinyobgtovagno podleCSN
EN ISO 5534:2004. [46]

Stanoveni popela #o nasledujici postup: navazeny vzorek v porcelénokelimku byl
umisgn do elektrické pece, kde byl Zihan po dobu 4 hediteplot 550+5°C. Stanoveni
sefidilo postupem, ktery uvediierna a Mergl [47]. [58]

4.4 Dynamicka oscil&ni reometrie

Dynamicka osciléni reometrie je jednoud&asto vyuzivanych metod pro zjgvani viskoe-
lastickych vlastnosti potravin, u které se slechdgvne linearni viskoelastickd odezva na
velmi malou osciléni deformaci. Viskoelasticita potravin je popisoagomoci elastické-
ho (G") a ztrdtového (G™) modulu pruznosti. Ekdstimodul vyjaduje miru elasticity a
ztratovy modul miru viskozity. Paintéchto dvou modul se nazyva ,uhel fazového posu-

nu“ a je vyjaden jako:
tam = G/G’ (1)

Pro charakterizaci vzotkje nutné si taktéz vyjdi komplexni modul pruznosti, neboli

celkovy odpor vzorku proti deformaci, ktery je datahem:

G(w) =G () + G (w)* (2)

K méieni modelovych vzork byl pouzivan roténi viskozimetr Bohlin GEMINI (Malvern
Instruments Ltd., Velk& Britanie) séitici geometrii deska-deska gpmér 40mm, Srbina
1mm). Vzorek byl nanesen mezi statickou a oscildiesku rotaniho viskozimetru, po
stranach pden silikonovym olejem proti odparu vihkosti a&imn @i 20,0+0,1°C a frek-
venci v rozmezi 0,1-50,0 Hz. @kni probihalo v oblasti linearni viskoelasticityovii.)
Tavené syry byly rfeny az po 14-ti dnech skladovéri p+2°C. Vysledkem byly nag
fené hodnoty elastického a ztratového modulu prugrmes kterych byly naslednvypagi-
tany hodnoty tangenty Uhlu fazového posunu praeeatai frekvenci 1Hz a hodnoty kom-
plexniho modulu pruznosti. [4][33][48][58]
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4.5 Statisticka analyza

Ke statistické analyze natienych dat byly pouZity programy Unistat Version &5
StatK25. Vysledky byly hodnoceny pomoci paramefritk (t-test) a neparametrickych
testi (Wilcoxoniv a Kruskal Walligv test). Hladina statistické vyznamnosti) (byla

v tomto gipadt 5 %. [58]
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5 VYSLEDKY

Celkem byly provaéhy dva experimenty. V prvnim experimentu byly vyeolg vzorky
obsahujici jednotlivé fosfotaany u nichz nejprve nebyla provedena Zadna Uppava
nésleds bylo pH korigovano na optimalni hodnotu pro tavegyéy. V experimentiislo
dva probihalo taveni vzoitkse smisi dvou fiznych fosforénami a to bez Upravy i
s Upravou pH. Jak v experimentu 1, tak v experimehbyly vzorky vyrabny ve dvou

variantach a to bez pektinu aigdavkem 0,4 % w/w pektinu.

5.1 Chemicka analyza modelovych tavenych swr

Kazdy ze vzork byl postupg podroben chemické analyze, ktera se sestavalgsZevani
obsahu susSiny, popela a tuku (Viabulka 3. Tyto hodnoty by se #ly pohybovat
Vv uréitém rozmezi, a proto bylo nutné je sledovdtli¥he vykyvy by mohly mit negativni

vliv na viskoelastické vlastnosti, jejichZ stanovbylo cilem této prace.

Tabulka 2 — Vysledky chemické analyzy preaads modelovych vzarlobsahujicich jak

jednotlivé fosforenany, tak jejich siési

Skupina modelovych
vzorki SusSina (% w/w) Popel (% w/w) Tuk (% w/w)
1 41,87 - 42,99 51-5,3 21,5-22,0
2 42,10 - 42,85 4,7-5,1 21,0-22,0
3 41,90 - 42,98 4,7-5,2 21,0-225
4 41,82 - 42,61 48-5,1 21,0-215
5 42,00 - 43,45 4,7-5,0 21,0-22,0
6 42,06 - 43,67 4,7-5,1 22,0-22,5
7 42,07 - 43,88 49-5,2 22,0-23,0
8 42,03 - 43,07 50-5,2 21,0-22,0
9 42,38 - 42,99 50-51 215-225

Z tabulky je mozno viét, Ze hodnoty se v ramci dané skupitiili nelisily, coz byl zaklad

pro dalSi Usgsné ngreni.
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5.2 Experiment 1

V prvnim experimentu byly vyrobeny vzorky s jedmgtini fosforecnany jako tavicimi
solemi a to nejprve bez jakékoliv Zny pH a nasledhbylo u €chto vzorki upraveno pH
do optima pro tavené syry. Vzorky byly naslégrmdrobeny nsteni pH a viskoelastickych

vlastnosti.

5.2.1 Modelové tavené syry s jednotlivymi fosfor&nany bez tpravy pH

Pred samotnym &fenim pH vzork skupiny 1 a 2 bylo provedeno i stanoveni pH 3% vod
nych roztok tavicich soli. Toto pH bylo u&Siny roztoki vyssi, nez pH na#éiené u vzor-

kt, coZz miZze byt z@isobeno vlivem ostatnich slozek taveného syra.

N 1

Vysledky uvedené Vabulka 3ukazuji, Ze nejvysSi pH (7,01 — 6,93) bylo ®&no u
vzorka obsahujicich monofosfatean NaPO,. Naopak nejnizsi pH (4,67 — 4,94) vykazo-
val vzorek s dihydrogendifosfaneanem sodnym (N&,P,O7). Hodnoty pH blizici se op-
timu pro tavené syry byly natieny u vzork pripravenych s fidavkem polyfosforénanu
sodného (5,56 — 5,79).

Vzorky obsahujici pektin nejsou v tabulce uvedegmgtoZze u nich byla jen minimalni

zmena v hodnotach pH.

Tabulka 3 — Na@rené hodnoty pH pro modelové tavené syry ze skupia 1

Skupina modelovych vzorki
1 2
Tavici sil pH roztoku (3% w/w) pH pH
NagP O, 12,27 £ 0,01 7,01 £ 0,01 6,93 + 0,03
Na,HPO, 8,82 + 0,01 6,32 + 0,01 6,64 + 0,02
Na,P,0; 9,68 + 0,01 6,70 + 0,01 6,84 + 0,02
NapH,P,0; 4,54 + 0,01 4,94 + 0,01 4,67 + 0,02
NasP3;010 9,26 + 0,01 6,55 + 0,01 6,74 + 0,01
polyfosfor&nan sodny 597 +£0,01 5,56 £ 0,01 5,79 £ 0,04

Hodnoty pH jsou v tabulce vzdy vyjéahy jako aritmeticky gmer + standardni odchylka.

Modelové tavené syry skupiny 1 a 2 byly podrobeaktéZ reologické analyze, ktera po-

skytla informace o texturnich vlastnostecéchto vzorki. K charakterizaci vzork
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(s pektinem i bez &) byl pouzit jak elasticky (G") tak ztratovy (G'Modul pruznosti a
také tangens Uhlu fazového posytan d), coz je znazowno vTabulka 4 Vysledky byly
znazorrny i graficky a to pomoci zavislosti komplexniho ety pruznosti (G*) na frekvenci
(f) — Obrazek 8

Jak je patrné Zabulka 4 razné typy fosforgnani mély odliSny dopad na reologické cho-
vani modelovych tavenych syrPokud Slo o vzorek gigavkem dihydrogendifosfotaa-
nu sodného (N#l,P,Oy), reologicka analyza nemohla byt provedenadwodu rozpadavé
konzistence a uvabvani tukové a vodni faze z vyrobku. Porovnameztiriky bez pidav-
hujicich monofosfor@any (jak NgPOy, tak i NaHPQO,). Dimitreli a Thomareis [54] uda-
vaji, Zze¢im je vysSi hodnota tadh nebo-li kdyz je G > G, tim tek&jBi bude vysledny
vzorek. U tavenych syrs monofosforénany jsou tyto hodnoty paimé vysoké, zehoz
Ize odvodit, Ze tavené syrydyg az @ilis fidkou konzistenci, nez aby byly v budoucnu po-
uzitelné pro komeni ely. Pokud se jedna o pouziti difosfémanu jako tavici soli, byly
zjisteny hodnoty obou modali tangenty vysSi nez u monofosfémani. Nejvyssi hodnoty
pak byly nandfeny u modelovych vzotkobsahujicich trifosformany. Jako posledni byly
meteny vzorky s polyfosfomanem sodnym a bylo zj&to, Ze vzorky byly tuzsi nez mo-
nofosforénany a difosforénany a naopakidSi nez trifosforénany. Ridani pektinu do
taveného syra #ho za nasledek zvySeni modybruznosti a tim padem i ztuZeni vyréabk
Druh pouzitého fosfosmanu nehral v tomtoifpadt roli a ke zvySeni tuhosti doslo u vSech

vzorka.

Pro ugeni celkoveé tuhosti vzorku byl sestaven graf zasislcelkového modulu pruznosti
(G*) na frekvenci (f) -Obrazek 8Tento graf potvrzuje co bylo uvedeno jiz v taladk, a to,
Ze tuhost modelovych vzaikostla v nasledujici gadi: NagPO, < NaHPOy< polyfosfore-
nan sodny < N#,0; < NaP;01.
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Tabulka 4 — Hodnoty elastického (G") a ztratovéBd X modulu pruznosti a hodnoty tangentu Uhlu féhovposunu (tan) pro refererni frek-

venci 1 Hz pro 1. a 2. skupinu modelovych vizérk

Skupina modelovych vzorka
1
Pektin Tavici sil G’ [Pa] G [Pa] tand [ -] G [Pa] G [Pa] tand [ - ]
- NaPO, 114 + 1°** 257 + 2424 2,250 11 + 64 42 + 1324 3,792
NaHPO, 398 + 277 597 + 224 1,497 482 + 354 558 + 224 1,157
NayP,O; 1447 + 129" | 1604 + 95°* 1,109 955 + 6 980 + 13°A 1,026
NaH,P,0; ND ND ND ND ND ND
NasPs010 4275 + 416" | 3193 + 319" | 0,747 1121 + 84 1232 + 244 1,099
polyfosforénan sodny | 3800 + 352" | 2094 + 237" | 0,551 886 + 23 695 + 17° 0,784
0,4 % wiw NaPO, 1968 + 148 | 1565 + 94*B 0,795 689 + 18° 513 + 5% 0,744
NaHPO, 1946 + 199® | 1713+ 127® | 0,880 2929 + 1¥® | 2000+ 37® | 0,683
NayP,O; 4604 + 2738 | 3615+ 98B 0,785 1800 +69°% | 1779 +65° | 0,989
NaH,P,0; ND ND ND ND ND ND
NasPs010 4455 + 399* | 2807 + 204® | 0,630 1487 + 1218 | 1236 + 64 0,831
polyfosforénan sodny| 6490 + 687 | 2708 + 297® | 0,417 4960 + 303% | 2212 +91°B | 0,446

* G’- elasticky modul pruznosti, G - ztratovy mogruznosti, tard - tangenta Uhlu fazoveého posunu (8an G '/G”) jsou vyjateny jako arit-
meticky pimér + standardni odchylka. Rozdilna maléa pismenarmihoindexu zn& signifikantni rozdil (P < 0,05) mezi hodnotamiamci jed-
noho sloupce (samostéthodnoceny vzorky s pektinem a bez pektinu). Rozdilelka pismena hornim indexu gnsignifikantni rozdil (P <

0,05) mezi vzorky uiité skupiny obsahujicimi stejny fosféren liSicimi se pouze wipomnosti pektinu. ND — vzorek nebykien.



UTB ve Zling, Fakulta technologick& 43

10° £ a ' :
= 10° E
£ 1 |
g T I
= . | -
g 10°% 5
o 1 ]
£ I ]
S I _

101_::' — 1+ —————+—+—+++ ]

Frekvence (Hz)

Obrazek 8 — Zavislost komplexniho modulu pruznt) na frekvenci (f) pro modelové vzorky 2. sku-
piny s obsahem jednotlivych fosférean (NaPO, M, NaoHPO, ¥, NayP,O; A, NasP3O,0 X, polyfosfo-

recnan sodnyO)
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5.2.2 Modeloveé tavené syry s jednotlivymi fosforénany s tpravou pH

V dalSic¢asti experimentu 1 byly vyrobeny vzorky, u kterymho upraveno pH. Provedeni
korekce pH na hodnotu kontaiich vzorki bylo zasadni pro charakterizaci vyrdbébsa-
hujicich jednotlivé fosforgany nebo jejich sisi, protoZe pH je jednim z hlavnich fakior
ovliviujicich texturni vlastnosti tavenych &yiPo Gprav pH bylo mozné srovnavat vzor-
Ky, aniz by musel byt bradn v potaz vliv pH a mokt bkouman vliv pimo fosfor&nani
popt. pektinu na viskoelastické vlastnosti modelovyaorki. Uprava pH byla provedena
bud’ pomoci 1M HCI anebo 1M NaOH. Vzorky byly naslégmodrobeny réteni pH a reo-

logické analyze.

Upravou pH bylo dosazeno mnohem uzsiho #tizmezi jednotlivymi vzorky fipraveny-
mi s iznymi fosforénany. Rivodni hodnoty, které se pohybovaly ve velmi Sirokeér-
mezi (4,67 - 7,01), byly nahrazeny mnoheifijafelnéjSimi hodnotami a to v rozg 5,55 —
5,62 (vizTabulka 5. Modelové vzorky tak #y pH v optimalnim rozmezi, které je cha-

rakteristické pro koméni vyrobky.

Tabulka 5 — Hodnoty pH 3. skupiny modelovych vzoldsahujicich jednot-

livé fosforénany

Skupina modelovych vzorka

3
Tavici sil pH
NasPO, 5,62 + 0,02
Na,HPO, 5,57 +0,01
Na,P,O; 5,56 + 0,03
NapH2P,07 5,62 +0,01
NasP3O010 5,55 + 0,03
Polyfosfor&nan 5,61 + 0,02

Hodnoty pH jsou v tabulce vzdy vyjihy jako aritmeticky gmer + stan-
dardni odchylka.

Provedeni reologické analyzy (skupiny 3) bylo mojaéi viech vzork. Upravou pH se

totiz zlepSila konzistence modelového vzonkyrobeného s dihydrogendifosfédreanem
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sodnym, u kterého jiz nedochéazelo k éldgani fazi. Vysledkydchto analyz jsou uvedeny

v Tabulka 6

Naméiené hodnoty vypovidaji o skdteosti, Ze tavené syry 8anymi typy fosforénam
vykazovaly podobné viskoelastické chovani jako kyow nichZz nebylo upraveno pH.
Nejmeére tuhé byly monofosfokmany, u difosforénani jak elasticky, tak ztratovy modul
pruznosti stoupaly a trifosfateany byly podle analyzy nejtuzsi. Vzorky obsahujioly-
fosfore&nany pak byly tuzsi nez vzorky vyrobené s monofasftany avsak zaroviemély

tekujSi konzistenci nez vzorky s trifosfairgany.
Pridavkem pektinu do systému bylo docileno zvySenosti vSech vzork Vysledky tak-
téz prokazaly, Ze typ pouZité tavici soli nehr&atni roli a vSechny vyrobky proto vyka-

zovaly zvySenou tuhost.
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Tabulka 6 - Hodnoty elastického (G") a ztratovéB0 \ modulu pruznosti, tangentu Uhlu fazového pogtamos) pro referewni frekven-

ci 1 Hz pro 3. skupinu modelovych vabirk

Skupina modelovych vzorki
3
Pektin Tavici sil pH G [Pa] G [Pa] tand [ -]
- NaPO, 5,62 + 0,02 479 + 38 391 + 6° 0,816
NaHPO, 5,57 + 0,01 203 + 60" 159 + 404 0,783
NayP,O; 5,56 + 0,03 657 + 19" 618 + 10°" 0,942
NaH,P,O; 5,62 + 0,01 657 + 39" 685 + 3244 1,043
NasPsO10 5,55 + 0,03 1650 + 163" 1097 + 544 0,665
polyfosforénan sodny 5,61 + 0,02 1435 + 53 1012 + 1™ 0,705
0,4 % w/w | NaPO, 5,57 + 0,01 ND ND ND
NaHPO, 5,49 + 0,01 1818 + 174° 172 + 16" 0,995
NayP,0; 5,50 + 0,01 2971 + 61° 1625 + 16°E 0,547
NaH,P,O; 5,60 + 0,04 3236 + 18° 1893 + 11° 0,585
NasPsO10 5,49 + 0,01 3024 + 3%° 1656 + 5°B 0,548
polyfosforénan sodny 5,57 + 0,02 3399 + 153 1830 + 6B 0,538

* G- elasticky modul pruznosti, G - ztratovy mbgwuznosti, tard - tangenta Uhlu fazového posunu (8am G /G"). Veltiny jsou vyjade-
ny jako aritmeticky pimér + standardni odchylka. Rozdilna mala pismenarmihoindexu zn& signifikantni rozdil (P < 0,05) mezi hodno-
tami v rdmci jednoho sloupce (samostatodnoceny vzorky s pektinem a bez pektinu). Rozdilelka pismena hornim indexu &nsignifi-
kantni rozdil (P < 0,05) mezi vzorkyditeé skupiny obsahujicimi stejny fosférean liSicimi se pouze wipomnosti pektinu. ND — vzorek nebyl

meéten.
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5.3 Experiment 2

Druhy experiment ¥ taktéz za ukol sledovat pH a viskoelastické viasti tavenych sy,
avSak tentokrat s pouzitim dvotiznych fosforénam ve snési. Postup#é byl ménén po-
mer fosforg&nani a bylo sledovano, jaky vliv to bude mit na texfuwlastnosti. K &mto
experimenim byl zvolen polyfosforénan ve smssi s monofosfor&nanem a dale polyfos-

fore¢nan ve snssi s difosforénanem.

5.3.1 Modeloveé tavené syry se dima fosforetnany bez upravy pH

Jak je ¥ejmé zTabulka 7 ¢im byl wtSi pongr polyfosfor&nanu ve srési, tim vice klesalo
pH (jak u monofosfor@anu, tak i u difosfokgmanu). Pokud jde o optimalni pH, které by
mel vzorek vykazovat, fizemerici, Ze nejvhodsi porér byl od 50 % polyfosfor@anu
vySe u vzork obsahujicich monofosfafean a 75 % a vySe \ipadt snesi s difosfore-

nanem.
Pokud se P vyrobeé tavenych syir vyuziva vice tavicich soli ve $8i, je €zZké ukit jaky
vliv maji jednotlivé soli na vlastnosti vyslednyginodukti a jaky je mechanismus jejich

pusobeni. [57]

Tabulka 7 — Hodnoty pH modelovych vzopko skupiny 4, 5, 7 a 8, které obsahujgsm

dvou fosforenani v nizném porru (bez Upravy pH)

Skupina modelovych vzork

Polyfosfora&tnan sodny:NaHPO, | Polyfosforenan sony:NaP,0-
Pomer fosfo-
re¢nani 4 5 7 8
0:100 6,35 + 0,01 6,56 + 0,01 6,70 £ 0,01 6,74040,
2575 6,33 + 0,01 6,49 + 0,01 6,62 £ 0,01 6,6404.0,
50:50 597 +0,01 6,05 + 0,01 6,20 +£ 0,01 6,21040,
75:25 573+0,01 579+0,01 5,85+0,01 5,8504.0,
100:0 5,54 +£0,01 5,55+0,01 551 +0,01 5,54(40,

Hodnoty pH jsou v tabulce vzdy vyjgahy jako aritmeticky gimer + standardni odchylka.

Provedena reologicka analyza skupin 4, 5, 7 a &hahgich sms dvou fosforénani v
raizném pondru (polyfosforénan sodny:NgHPQO, a polyfosforénan sodny:N#,0O;) je

znazorgna vTabulka 8a vTabulka 9
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Z nantienych hodnot vyplyva, Ze elasticky i ztratovy mopiiZnosti stoupaly s rostoucim
pongrem polyfosforénanu ve srsi a zarove tangenta Uhlu fazového posunu klesata. P

urcité koncentraci polyfosfosmanu ve siési vSak moduly z&aly klesat a tag stoupat.

V piipact smesi dvou fosforgnani pouzitych jako tavici soli byly taktéz vyrobenyorky
obsahujici 0,4 % w/w pektinu. U vSech vziprkez ohledu na patru fosfor&nani, doslo

ke zvySeni obou modiupruznosti, Zehoz vyplyva, Ze vzorky &y tuzsi konzistenci.

Na ukazku byl sestaven graf zavislosti komplexnitmedulu pruznosti na frekvenci pro
modelové tavené syry skupiny 7 — Obrazek 9. GrahAzotiuje tavené syry bezjgavku
pektinu a graf B je sestrojen pro vzorkyiglpnym pektinem. Z grafu je mozné ¥ido, co
jiz bylo popsano tlve, Ze s fibyvajicim mnoZstvim polyfosfot@anu ve srési tuhost nej-

prve rostla a poté se&a postupé snizovat.
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Tabulka 8 - Hodnoty elastického (G") a ztratovéB0 \ modulu pruznosti a hodnoty tangentu Uhlu féhovposunu (tah) pro refereni frek-

venci 1 Hz pro 4. a 5. skupinu modelovych vizothsahujicich sés dvou tavicich soli (polyfosfafiegan sodny:NgHPOy) v riizném porfru *

Skupina modelovych vzorka
4
Pomér fos-
Pektin foreénani G’ [Pa] G [Pa] tand [ - | G’ [Pa] G [Pa] tand [ -]
- 0:100 302 + 634 404 + 3487 1,339 623 + 24" 735 + 26%" 1,180
25:75 2888 + 316" 2065 + 1174 0,715 4006 + 1027 2622 + 574 0,655
50:50 2185 + 58" 1484 + 14" 0,679 2987 + 108" 2040 + 214 0,683
75:25 1544 + 108" 1093 + 719A 0,708 3751 + 196* 2114 + 120 0,564
100:0 860 + 14" 716 + 21%° 0,832 1936 + 106" 1228 + 17°° 0,634
0,4 % w/w | 0:100 1913 + 88° 1589 + 45 0,831 4055 + 3085 2360 + 1578 0,582
25:75 4759 + 918 2544 + 578 0,535 7195 + 3768 3541 + 1038 0,492
50:50 4488 + 4185 2353 + 192¢8B 0,524 6007 + 378 2043 + 2FB 0,490
75:25 4021 + 1968 2197 + 35°B 0,546 5602 + 2178 2616 + 2B 0,467
100:0 3052 + 2128 1752 + 648 0,574 5280 + 2165 2428 + 1899B 0,460

* G- elasticky modul pruznosti, G™ - ztratovy mbguuznosti, tard - tangenta Uhlu fazového posunu (§an G°/G") jsou vyjateny jako arit-
meticky pameér + standardni odchylka. Rozdilna mald pismenarmihoindexu zn& signifikantni rozdil (P < 0,05) mezi hodnotamiéamci
jednoho sloupce (samostatmodnoceny vzorky s pektinem a bez pektinu). Rozdikelka pismena hornim indexu &insignifikantni rozdil (P <

0,05) mezi vzorky uiité skupiny obsahujicimi stejny pénfosfor&nani ve sngsi liSicimi se pouze vifiomnosti pektinu.
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Tabulka 9 - Hodnoty elastického (G") a ztratové®B0 \ modulu pruznosti a hodnoty tangentu Uhlu féhovposunu (tah) pro refereni frek-

venci 1 Hz pro 7. a 8. skupinu modelovych vizoathksahujicich sés dvou tavicich soli (polyfosfaiean sodny:NgP,07) v rizném porfru *

Skupina modelovych vzorka
7
Pomér fosfo-
Pektin reé¢nanii G’ [Pa] G [Pa] tand [ - ] G’ [Pa] G [Pa] tand [ -]
- 0:100 1553 + 54" 1571 + 194 1,011 1671 + 138" 1585 + 944 0,949
2575 3153 + 69" 2563 + 8P 0,813 2794 + 108" 2194 + 61° 0,785
50:50 4061 + 218" 2084 + 56" 0,513 2993 + 714 1906 + 574 0,637
75:25 3932 + 29§14 2254 + 1324 0,573 3269 + 514 2000 + 254 0,612
100:0 3302 + 158" 1889 + 9P 0,572 2275 + 298" 1441 + 1724 0,633
0,4 % wiw 0:100 2049 + 169 2195 + 114® 1,071 1904 + 28" 1929 + 2(*B 1,013
2575 5810 + 2528 3645 + 167° 0,627 5218 + 7B 3150 + 64° 0,604
50:50 8924 + 141® 4555 + 1468 0,510 5067 + 313° 2982 + 1688 0,589
75:25 8296 + 336° 3535 + 1328 0,462 5449 + 3677 2681 + 1438 0,492
100:0 5797 + 728 2505 + 5B 0,432 7521 + 508° 3218 + 288" 0,428

* G- elasticky modul pruznosti, G™ - ztratovy moghliZnosti, tard - tangenta Uhlu fazového posunu (§an G°/G") jsou vyjateny jako arit-
meticky pameér + standardni odchylka. Rozdilna mald pismenarmihoindexu zn& signifikantni rozdil (P < 0,05) mezi hodnotamiéamci
jednoho sloupce (samostatmodnoceny vzorky s pektinem a bez pektinu). Rozdikelka pismena hornim indexu &insignifikantni rozdil (P <

0,05) mezi vzorky uiité skupiny obsahujicimi stejny pénfosfor&nani ve sngsi liSicimi se pouze vifiomnosti pektinu.



UTB ve Zling, Fakulta technologicka

51

Komplexni modul (Pa)

10

0.1

Frekvence (Hz)

10

Obrazek 9 — Zavislost komplexniho modulu pruzn@st) na frekvenci (f) pro 7. skupinu modelovych vizb obsahujicich sis dvou fosfo-
recnani (polyfosfor&énan sodny:NaHPQO, a polyfosforénan sodny:N#,0O;) v nizném pordru. Vzorky A jsou bez fidavku pektinu, vzorky

B s gidavkem pektinu. (0:10M [, 25:750 @, 50:50A A, 75:254 <, 100:0V V)
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5.3.2 Modelové tavené syry se dima fosforetnany s upravou pH

Po Upra¥ pH se hodnoty u 6. skupiny tavenychisyyrobenych s fidavkem polyfosfo-
recnanu sodného a MdAPQO, pohybovaly v rozmezi 5,69 — 5,80 a u 9. skupkde byl
pouzit polyfosforénan sodny a N&,O;, mezi hodnotami 5,28 — 5,78.

Tabulka 10 — Hodnoty pH modelovych vziopko skupiny 6 a 9, které obsahujiégsnavou

fosfore’nani v riizném porru (s Upravou pH ki HCI nebo NaOH)

Skupina modelovych vzorki
polyfosforaénan sodny:NagHPQO, | polyfosforeénan sodny:NaP,0-
Pomer fosfore¢-
nani 6 9
0:100 5,78 + 0,01 5,78 + 0,01
2575 5,69 £ 0,01 572+0,01
50:50 5,80 + 0,01 5,49 + 0,02
75:25 579+0,01 5,28 £ 0,01
100:0 574 +£0,01 543 +0,01

Hodnoty pH jsou v tabulce vzdy vyjgahy jako aritmeticky gimer + standardni odchylka.

Reologicka analyza 6. a 9. skupiny poukazala na, fa& ani po Uprayv pH nedosSlo

k zdsadnim zémam. Hodnoty elastického i ztratového modulu prginstoupaly az do
urcité hranice, ktera bylagtSinou i 50 % polyfosforénanu ve siEsi a poté zéaly klesat.

U hodnot tangenty uhlu fdzového posunu tomu bylipak (nejdive klesaly a potom rost-
ly).

Pektin se projevil jako zdiijici ¢inidlo i v tomto gipads. Jeho pidavkem byla zvySena
tuhost vSech vzorfk na coz poukazuje Tabulka 11 Oproti vzorkKim, ke kterym pektin

piidan nebyl, doSlo k poénné velkému vzéstu obou modul pruznosti. Pektin se projevil

jako ¢inidlo zvysujici tuhost u vSech vzdrkez rozdilu.
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Tabulka 11 - Hodnoty elastického (G”) a ztratovB0) modulu pruznosti, tangentu Uhlu fazového pagtand) pro referem-

ni frekvenci 1 Hz pro 6. a 9. skupinu modelovyadnkiizobsahujicich d&tavici soli v izném portu *

Skupina modelovych vzorka

6 9
Pomér fos-
Pektin fore¢nani G’ [Pa] G [Pa] tand [ - | G’ [Pa] G [Pa] tand [ -]
- 0:100 61 + 3A 116 + 1074 1,900 766 + 48" 722 £ 197 0,942
25:75 1560 + 1294 | 1105 + 86" 0,708 2236 + 1294 1227 + 6>A 0,549
50:50 2228 + 474 1507 + 234 0,677 2326 + 84 1335 + 194 0,574
75:25 1394 + 4 081 + 6% 0,704 1849 + 108" 1123 + 484 0,607
100:0 809 + 2 671 + 9°4 0,829 1010 + 28* 803 + 24°A 0,795
0,4 % w/w | 0:100 2041 + 5%° 1414 + 33B 0,693 3072 + 103® 1741 + 45*B 0,567
2575 4887 + 4408 | 2299 + 240E 0,470 3553 + 528 1940 + 278 0,546
50:50 3274 +27° 1785 + 65°° 0,545 3868 + 12%° 2068 + 7678 0,535
75:25 2795 + 30%% | 1600 + 117E 0,572 4532 +28%8 | 2283+ 7B 0,504
100:0 1729 + 498 1171 + 37 0,677 2939 + 176° 1702 + 73*B 0,579

* G- elasticky modul pruznosti, G - ztratovy mbguwizZnosti, tard - tangenta uhlu fazového posunu (8an G'/G”"). Veltiny
jsou vyjadeny jako aritmeticky @mer + standardni odchylka. Rozdilna mala pismenarmihoindexu zn& signifikantni rozdil
(P < 0,05) mezi hodnotami v ramci jednoho sloupsaamstatét hodnoceny vzorky s pektinem a bez pektinu). RoZdilelka

pismena hornim indexu ztissignifikantni rozdil (P < 0,05) mezi stejnymi vkg vyrobenymi se stejnym pairem fosforgnani

ve snesi liSicimi se pouze vifiomnosti pektinu.
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6 DISKUZE

V prvnim experimentu byly natteny odliSné hodnoty pH u vzarkobsahujicichtzné
typy fosfor&nani. Podle Lu, Shirashoje a Luceye [7] zvySujédpvek tavicich soli pH
syra. Rirodni syr ma pH v rozmezi 5,0 — 5,5, narozdil ¥ saveného, u kterého je pH
zvySeno na hodnoty 5,6 — 5,9. Toto pH je vhodnavenych syik dodrZzovat, protoze jaké-
koliv jeho vykyvy by mohly vést ke z&n¢ viskoelastickych vlastnosti, jak uvadi Guinee,
Caric a Kalab [5], coz by mohlo byt nezadouci. Jak j&n@opozorovat Zabulka 3 nej-
vySSi pH (7,01 — 6,93) bylo na&iteno u vzork obsahujicich fosfotman sodny (NP Oy).
Marchesseau a kol. [56] uvadi, Ze vykazuji-li vzopkilis vysoké hodnoty pH, dochazi ke
snizeni elektrostatickych interakci (roste zaparaoj proteid) a tim k jejich odpuzova-
ni. Vysledkem je taveny syr $ilis mékkou konzistenci. Naopak nejnizsi pH (4,67 — 4,94)
vykazoval vzorek s dihydrogendifosféreanem sodnym (NBI,P,O;). Takovyto taveny syr

je pak obvykle drobivy, protoZze wm dochazi k interakcim mezi proteiny (pH se blizi
isoelektrickému bodu kasdipa nakonec tiize nastat aZ jejich agregace — viz reologicka
analyza modelovych vzoilk [5][56] Pokud se zagiime na optimalni pH taveného syra,
k tomu se nejvice blizZil vzorekipraveny s pidavkem polyfosforénanu sodného. Hodno-

ty pH se pohybovaly v rozmezi 5,56 — 5,79.

Dale Ize z vysledk prvniho experimentu usuzovat, &en vice fosforénanovych skupin
obsahuje taviciw, tim tuzsi vyrobek dostaneme. Toto pravidlo viddti jen do wtité
miry. Vzorky gipravené s polyfosfosmanem vykazovaly niZSi tuhost (v ramci sledovani
malych deformaci dynamickou osdcitda reometrii) nez vzorky s trifosfaneany. DalSim
moznym vys¥tlenim tohoto chovani by mohla byiznd schopnost fosfafean vazat
forecnany. V4penaté ionty se tudiz mohoirénhuplatiovat i zesitni matrice a vznika
produkt s mik¢i konzistenci. [60]

Druhy experiment ukazuje, Ze ny v tuhosti vzork mohou byt pipisovany fiznym cho-
vanim jednotlivych fosforani. V prvnim gipac byla pouZzita s@s polyfosforénanu
spolu s monofosfotmanem. Monofosfotman jako takovy tvih slabé komplexy
s vapnikem a ma také slabou schopnost disperg@asatirk S rostoucim pH vSak vznika
vice komplex: kalcium fosfatu, roste disperze kaseinu a rodté tahost vyrobku, jak tvr-
di Lu a kol. [7]. Z nkfeni vzorki vyplyva, Ze hodnoty pH sice stoupaly se stoupajipgo-

meérem monofosforgnanu ve srsi, avSak p&ateni rast tuhosti vzork byl nasledovan
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jeho poklesem, coz teorii Lu a kol. [7] nepotvrzip@kud jde o polyfosfotmany, ty se uz
v pribéhu taveni a nasledn pii skladovani postugnhydrolyzuji na &pné produkty jako
jsou difosfor€nany, trifosforénany aj. Snizovanim @tu monomeit v linearnimietzci
dojde k postupnému uvavani vapenatych iofitz tavicich soli a jejich nasledné zapojeni
se do zestni proteinové matrice. ledkem &chto proces je pak krémovani vyrolik
Véapenaté ionty vSak nejsou jedinym prvkem v prodesmovani. Redpoklada se, Ze i
hydrolyzou vzniklé nizSi polyfosfaty se zapojuji oderakci s proteinovou matrici a tim
dochézi k jejimu zetdvani. (Cart a Kalab [1], Schéar a Bosset [55]) Timto si Izewsjit
pocateEni rast tuhosti, kdyZz se ve s$i tavicich soli objevil polyfosfotman. Jestlize se
vSak mnozstvi polyfosfot@anu postuphizvySovalo, rostlo i mnoZstvi polyfosf@reanem
vazaného vapniku, ktery jiz néhhmoznost se ztastnit tvorby vapnikovych fistka zesi-

tujicich matrici syra. Tim padem vyrobky ztracelpsytuhost a byly gkei. [5]

Difosforecnan gidany v druhém fipadt se samostatnako tavici sl vétSinou nepouziva,
protoZe by jinak vznikly fili§ tuhé vyrobky. Tuhost je v tomtdipadt zpisobena porrné
velkou schopnosti difosfofeanu vazat na sebe vapenaté ionty, které jinak twastky
v kaseinovychiasticich. Difosfor&nan tedy psobi jako zesujici ¢inidlo mezi dispergo-
vanymi kaseiny tim, Ze t¥bkomplex s kaseinem a vapnikem. [7] Pokud veéssmrevia-
dal, vyrobky ngly tuzsi konzistenci, kter4 gipyvajicim polyfosforénanem postugnkle-

sala.

Porovname-li vysledky ziskané analyzou vZoldez Upravy pH a vzotk u kterych bylo
pH upravenou naiblizné stejnou hodnotu, dojdeme k zéw, Ze pH neni jedinym fakto-
rem ovliviiujicim viskoelastické vlastnosti tavenychisyiKonzistenci tavenych symovliv-
nuji faktory podmiujici intenzitu emulgace tuku a hydrataci protesnto \etrné mnozstvi
a struktury tavicich soli. Zavisi na druhu tavioli §v naSem fipac na typu fosforéna-
nu), pH jejiho roztoku, schopnosti disperze kaseirafinitté vapenatych iorit
k fosfor&namim, pufrovaci schopnosti tavici soli, hydrolyze gosforenani, na pongru
fosfore&nani ve sn@si aj. Je vSak nutné zminit, Ze vSechny tyto faktoepisobi
v tavenych syrech odtbn¢ avSak sotasré a navic se vzajendrovliviuji. Z tohoto divo-
du je velmi &zké zcela pochopit vSechny interakce a souvislkstkterym v tavenych sy-

rech dochazi a které faktory jsou hlavnifitimami vysledné konzistence. [1][5][7][58]

Jak jiz bylo zmigno dive, LMP tvdi trojrozmérnou sf, ktera se sklada ziznych pekti-

novychrettzci spojenych vapnikovymi istky. Jednim z omezenfivorbé gelu nizkoes-
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terifikovaného pektinu je hodnota pH, ktera bylanbyt v tomto pipadt v rozmezi 2,5 —
7,0. Vyrobené vzorky gy vicemér ve vSech fipadech pH v rdmci tohoto rozmezi, coz
se projevilo tvorbou gelu a zvySenou tuhosti v3gebbki. V systému taveného syraiae
dochazet k interakcim pektinu s kaseinovymi frakic@msp. jejich hydrolyzaty), coz je
mimo jiné taktéz ovlivino hodnotami pH. Vzhledem k tomu, Ze hodnoty pH byirSim
rozmezi, mohlo dojit jak k odpudivym, tak kitpZlivym interakcim. Analyzy provedené
v této praci vSak nemohouditr povahu vazeb v daném systému. K takoveé studioyly
zapotebi sofistikovanych technik, jako jsou po&ité metody spektroskopie, nuklearni
magneticka rezonance (NMR) apod. [36] DalSim faktoovliviiujicim tvorbu gelu LMP
je pritomnost a pedevdim mnoZstvi vapnikdim vétsi koncentrace vapenatych ibrae
nachazi v prosedi, tim roste i tuhost gelu. Ve vSediippdech byl pouzitirodni syr jako
vychozi surovina, ktery jefpozenym zdrojem vapniku. Jednotlivé fostorany maji od-
liSnou schopnost odtbvat vapenaté ionty zasijici matrici syra¢imz mohou ovlivnit i
mnozstvi vapenatych iaintvyuZitelnych pro tvorbu ristki mezi pektinovymitretezci.

Z vysledka provedenych analyz vSak bylo z§i8b, Ze typ fosfor@nanu ani pH vyrobku (ve
sledovaném rozmezi) nezm efekt gidavku pektinu, tj. ve vSechipadech doslo ke zvy-
Seni tuhosti vzork (v disledku gidavku pektinu). [21][41]
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ZAVER
Smyslem této prace bylo shrnout teoretické poznat&plasti tavenych s§ra také se za-
byvat interakcemi mezi pektinem a kaseinem. Pauziiznych tygi tavicich soli (v naSem

piipads raiznych fosforénani) a poté taky sisi €chto fosforénani, bylo mozné sledovat

vliv téchto latek na konzistenci tavenychisyr

Z obou experimeiit provadnych v ramci této diplomové prace lze vyvodit ndsjeci
Zawry:

» kazdy fosforénan mé odliSny vliv na pH taveného syra (vSechsjoi@nany pH zvy-

Sily, krom¢ dihydrogendifosforénanu sodného),

e pouziti fiznych typi fosfor&nanmi ma za nasledek odliSné viskoelastické vlastnosti

tavenych syl (témet tekuté chovani vykazovaly vzorky obsahujici mosédogEnan,
optimalni texturni vlastnosti vykazovaly di- a polsforeEnany a naopak nejtuzsi byly

vzorky s trifosforénanem),

e srostoucim posrem monofosforgnanu pop. difosfor&nanu (ve smési spolu
s polyfosforénanem) rostly hodnoty pH a do¢ité miry rostla i tuhost a elasticita vy-
robki, pii prekrateni hranice 50 % polyfosfafeanu ve srési doSlo k poklesu tuhosti.

Zmenou pongru jednotlivych fosforgnam je mozné regulovat pH vzaik

e Uprava pH snizilagvodre Siroké rozpti hodnot avSak ifimy vliv tohoto faktoru na
trendy viskoelastickych vlastnosti tavenychisgebyl prokazan (p srovnani jednotli-

vych typi tavicich soli, pop nékterych binarnich sisi),

* uvSech vzori obsahujicich 0,4 % w/w pektinu doslo ke zvySehosii bez vyjimky.

Tato prace byla velmi zajimava &mmosna nejen z hlediska uceleni teoretickych péanat
ale gedevSim mze mit dopad na praktické vyuZiti jejich vyslédiObzvlast v dnesni
doke, kdy konzumenti pozaduji Siroké spektrum vyrdliKici se v tuhosti, mohou byt vy-
sledky této diplomové praceiposné pedevSim pro vyrobce tavenych syrKazda tavici
sal ma odlisny dopad na viskoelastické vlastnosti potvrzuje tato prace, avsSak stale
jeS€ nejsou objasmy vSechny mechanismy probihajici uynihatrice taveného syra.

Z tohoto divodu je vhodné v podobnych experimentech pakvat.



UTB ve Zling, Fakulta technologick& 58

SEZNAM POUZITE LITERATURY

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

CARIC, M., KALAB, M., Processed cheese produdis Fox, P.F. (ed) Cheese:
Chemistry, Physic and Microbiology. Vol. 2. Majorh€ese Groups, 2. ed.
Elsevier Applied Science, London and New York, 1,9857-505.

VyhlaSka Ministerstva ze&délstvi ¢. 77/2003 Sbh., kterou se stanovi pozadavky

pro mléko a miéné vyrobky, mrazené krémy a jedlé tuky a olejelaing@m zgni.

KAPOOR, R., METZGER, L.E. Processed cheeseer8ific and Technological
Aspects — A ReviewCompr. Rev. Food Sci. Food S&008, vol. 7, no. 2, p. 194-
214,

FRANCIS, F.J. Encyclopedia of food science amchnology, 2. ed. New York:
John W.S., 2000

GUINEE, T.P., CARC, M., KALAB, M. Pasteurized Processed Cheese and
Substitute/Imitation Cheese Productg: Cheese Chemistry, Physics and
Microbiology — Volume 2: Major Cheese Groups, 3. ed. New Yortt Bondon:
Elsevier Applied Science. 2004. 349-394.

AWAD, R.A., ABDEL-HAMID, L.B., EL-SHABRAWY, SA., SINGH, R.K.
Texture and Microstructure of Block Type Proces€¥tese with Formulated
Emulsifying Salt MixturesLebensm.-Wiss. U.-Techno2002, vol. 35, no. 1, p.
54-61.

LU, Y., SHIRASHOJI, N., LUCEY, J.A. Effect giH on the Textural Properties
and Meltability of Pasteurized Processed CheeseeMuath Different Types of
Emulsifying SaltsJournal of Food Scien¢@008, vol. 73, no. 8, p. 363-369.

BRANEN, A.L., DAVISON, P.M., SALMINEN, S., THBNGATE, J.H. Food
aditives. 2. ed. Marcel Dekker: New York, 2002. BB®-8247-9343-9.

MAIER, S.K., SCHERER, S., LOESSNER, M.J. Lodgain polyphosphate cau-
ses cell lysis and inhibitBacillus cereusseptum formation, which is dependent
on divalent cationsAppl. Environ. Microbiol1999, vol.65, p. 3942—-3949.



UTB ve Zling, Fakulta technologick& 59

[10] AKHTAR, S., PAREDES-SABJA, D., SARKER, M.Rnahibitory effects of poly-
phosphates o€@lostridium perifrengengrowth, sporulation and spore outgrowth.
Food Microbiology 2008, vol. 25, p. 802-808.

[11] JEN, C.M.C., SHELEF, L.A. Factors affectingnsitivity of Staphylococcus au-
reus 196E to polyphosphateéppl. Environ. Microbial 1986, vol. 52, p. 842—
846.

[12] ZAIKA, L.L., KIM, A.H. Effect of sodium polymosphates on growth disteria
monocytogenes. Food Protect1993, vol. 56, p. 577-580.

[13] Dostupné na: http://www.milkfacts.info/Struots/casein.JPG

[14] RANKEN, M.D., KILL, R.C., BAKER, C.G.J. Foot@hdustries manual. 24. ed.
Blackie Academic and Professionhbndon, 1997, ISBN 0 7514 0404 7

[15] TAMINE, A.Y. Structure of dairy product8lackwell PublishingLtd: Oxford,
2007, ISBN-13: 978-1-4051-2975-6

[16] VORAGEN, A.G.J., COENEN, G.J., VERHOEF, R.BCHOLS, H.A. Pectin, a
versatile polysaccharide present in plant cell sy&truct Chem2009, vol. 20, p.
263-275.

[17] NOVOSEL'SKAYA, L., VOROPAEVA, N.L, SEMENO¥, L.N,
RASHIDOVA, S.Sh. Trends in the science and appbcat of pectinsChemistry
of Natural Compound<000, vol.36, p. 1-10.

[18] OVODOV, Yu.S. Current Views on Pectin Substs) Russian Journal of
Bioorganic Chemistry2009, vol. 35, p. 269-284.

[19] HILL, S.E., LEDWARD, D.A., MITCHELL, J.R. Furtional properties of food
macromolecules, 2. eAspen publishersl998, ISBN: 0-7514-0421-7

[20] LOFGREN, C., HERMANSSON, A.M. Synergistic kmfour of mixed HM/LM
pectin gelsFood Hydrocolloids2007, vol. 21, p. 480-486.

[21]  MACKU, I, BUNKA, F., PAVLINEK, V., LECIANOVA, P., HRARE, J. The
effect of pectin concentration on viscoelastic aedsory properties of processed
cheeselnt. J. Food Sci. Technol2008, vol. 43, p. 1663-1670.



UTB ve Zling, Fakulta technologick& 60

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

EL-NAWAWI, S.A., HEIKAL, Y.A. Factors affectig the production of low-
esterpectin gel€Carbohydrate Polymer4.995, vol. 26, p. 189-193.

FU, J-T., RAO, M.A. Rheology and structurevdl®pment during gelation of low-
methoxyl pectin gels: the effect of sucroBepd Hydrocolloids 2001, vol. 15, p.
93-100.

GROSSO, C.R.F., RAO, M.A. Dynamic rheology sifucture development in
low-methoxyl pectin+C&+sugar gelsFood Hydrocolloids 1998, vol. 12, p. 357-
363.

Dostupné na: http://www.monografias.com/tjab&2/alginato/Imagel722.qif

GRANT, G.T., MORRIS, E.R., REES, D.A.,, SMITHR.J.C., THOM, D.
Biological interactions between polysaccharidesdimdlent cations: The egg-box
model,FEBS Letters1973, vol. 32, no.1, p.195-198.

FU, J.T., RAO, M.A. The influence of sucrcmed sorbitol on gel-sol transition of
low-methoxyl pectin + Cd gels.Food Hydrocolloids 1999, vol. 13, no. 5, p.371-
380.

HUI, Y.H. Handbook of science, technology amjineering, 3. edBoca Raton:
CRC Press2006, ISBN-10:1-57444—552-9.

BRACCINI, I, PEREZ, S. Molecular Basis of €a-Induced Gelation in
Alginates and Pectins: The Egg-Box Model Revisi@dmacromolecules2001,
vol. 2, no. 4, p. 1089-1096.

THO, I, SANDE, S.A., KLEINEBUDDE, P. Crossiking of amidated low-
methoxylated pectin with calcium during extrusiqgmsronisation: Effect on
particle size and shap&hemical Engineering Scienc2005, vol. 60, p. 3899-
3907.

MAY, C.D. Pectins, In:Handbook of hydrocolloids Eds. Phillips, G.O.,
Williams, P.A. Woodhead Publishing Limited and CRss: Boca Raton, 2000.
p. 169-188. ISBN 0-8493-0850-X.

JOYE, D.D., LUZIO, G.A. Process for selectiggtraction of pectins from plant
material by differential pHCarbohydrate Polymer000, vol. 43, p. 337-342.



UTB ve Zling, Fakulta technologick& 61

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

VOLDANOVA, B. Vliv pridavku pektifi a vybranych monosacharicha vybrané
charakteristiky tavenych sgrZlin, 2008. 53 s. bakatka prace. UTB ve Zlin

Fakulta technologicka,

DAMODARAN, S., PARAF, A. Food proteins andeth applications, Marcel
Dekker, Inc.: New York, 1997, ISBN 0-8247-9820-1.

KRUIF, C.G., TUINIER, R. Polysaccharide priote interactions, Food
Hydrocolloids 2001, vol. 15, p. 555-563.

DOUBLIER, J.L., GARNIER, C., RENARD, D., SANMEZ, C. Protein-
polysaccharide interaction§urrent Opinion in Colloid & Interface Science
2000, vol. 5, p. 202-214.

DICKINSON, E. Stability and rheological imphtions of electrostatic milk
protein-polysaccharide interactionigends in Food Science & Technolpdp98,
vol. 9, p. 347-354.

GAJDUSEK, S.Mlékastvi Il. 1.vyd. Brno: MZLU, 2000. 142s.
GAJDUSEK, S.Laktologie.1.vyd. Brno: MZLU, 2003. 84s.

MATIA-MERINO, L., SINGH, H. Acid-induced getoon of milk protein
concentrates with added pectin: Effect of caseirefteé dissociation,Food
Hydrocolloids 2007, vol. 21, p. 765-775.

MAROZIENE, A., de KRUIF, C.G. Interaction gdectin and casein micelles,
Food Hydrocolloids 2000, vol. 14, p. 391-394.

SYRBE, A., BAUER, W.J., KLOSTERMEYER, H. Poher Science Concepts in
Dairy Systems — An Overview of Milk Protein and Eddydrocolloid Interaction,
Int. Dairy J, 1998, vol. 8, no. 3, p. 179-193.

TUINIER, R., ROLIN, C., de KRUIF, C.G. Eleosorption of Pectin onto Casein
Micelles,Biomacromolecule2002, vol. 3, p. 632-638.

MATIA-MERINO, L., LAU, K., DICKINSON, E. Effects of low-methoxyl pectin
and ionic calcium on rheology and microstructure amid-induced sodium
caseinate gel$00d Hydrocolloids2004, vol. 18, p. 271-281.



UTB ve Zling, Fakulta technologick& 62

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

ISO Standard No. 3433:2008, Cheese — Detatioim of fat content — van Gulik

method. International Organization for StandardmaGeneva

CSN EN ISO 5534, Syry a tavené syry — Stanovenitabsalkové susiny (Refe-

reréni metoda)gesky normalizovany institut, 2005, 12 s.
CERNA, E., MERGL, M. Kontrolni metody v mléfstvi. Praha: STN, 1971

GUNASEKARAN, S., MEHMET AK, M. Dynamic oscgitory shear testing of
foods — selected applicationBrends in Food Science & Technolp@p00, vol.
11, p. 115-127.

EVAGELIOU, V., RICHARDSON, R.K., MORRIS, E.REffect of pH, sugar type
and thermal annealing on high-methoxy gélarbohydrate Polymer2000, vol.
42, p. 245-259.

TSOGA, A., RICHARDSON, R.K., MORRIS, E.R. Robf cosolutes in gelation
of high-methoxy pectin. Part 1. Comparison of ssgand polyols,Food
Hydrocolloids 2004, vol. 18, p. 907-919.

NISHINARI, K., WATASE, M., WILLIAMS, P.A., PHLLIPS, G.O. k-
Carrageenan gels: effect of sucrose, glucose, aneaguanidine hydrochloride on
the rheological and thermal propertie3ournal of Agricultural and Food
Chemistry 1990, vol. 38, p. 1188-1193.

THO, I, SANDE, S.A., KLEINEBUDDE, P. Crossiking of amidated low-
methoxylated pectin with calcium during extrusigmsronisation: Effect on
particle size and shap€hemical Engineering Scienc2005, vol. 60, p. 3899-
3907.

HARTE, F.M., MONTES, C., ADAMS, M., SAN MARN-GONZALES, M.F.
Solubilized Micellar Calcium Induced Low Methoxyk€&tin Aggregation During
Milk Acidification, Journal of Dairy Scienge2007, vol. 90, no. 6, p. 2705-2709.

DIMITRELI, G., THOMAREIS, A.S. Effect of chmical composition on the
linear viscoelastic properties of spreadable-typecgssed cheesdpurnal of
Food Engineering2008, vol. 84, p. 368-374.



UTB ve Zling, Fakulta technologick& 63

[55]

[56]

[57]

[58]

[59]

[60]

SCHAR, W., BOSSET, J.O. Chemical and Phydiengical Changes in
Processed Cheese and Ready-made Fondue duringeéstarReview LTW-Food
Science and Technolog¥002, vol. 35, no. 1, p. 15-20.

MARCHESSEAU, S., GASTALDI, E., LAGAUDE, A., GQQ, J.L. Influence of
pH on Protein Interactions and Microstructure obdessed Cheeséournal of
Dairy Science2007, vol. 80, no. 8, p. 1483-1489.

MIZUNO, R., LUCEY, J.A. Effect of Emulsifyingsalts on the Turbidity and
Calcium-Phosphate-Protein Interactions in CaseirteNgs, Journal of Dairy
Science 2005, vol. 88, no. 9, p. 3070-3078.

MACKU, I. Viskoelastické a senzorické vlastnosti tavenych syidavkem pek-
tinu, Zlin, 2009. 108 s. Disertai prace. UTB Zlin.

FOX, P.F., GUINEE, T.P., COGAN, T.M., Mc SWEEY, P.L.H.Fundamentals
of cheese SciencMaryland: Aspen Publishers, 2000, p. 429-451 NSB8342-
1260-9.

BANKS, J.M.The Technology of Dairy Productisondon : Blackie Academic &
Professional, 1998. Cheese, s. 81-121. ISBN 07503



UTB ve Zling, Fakulta technologicka

64

SEZNAM POUZITYCH SYMBOL U A ZKRATEK
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LMP  Nizkoesterifikovany pektin

KM Kaseinova micela
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The aim of this study was to investigate the effect of various selected solid low-molecular cosolutes (p-
glucose, p-fructose, p-galactose, lactose, saccharose; target concentrations in samples 1% w/w) on
viscoelastic properties of model processed cheese (40% w/w dry matter and 50% w/w fat in dry matter)
without and with pectin addition (target concentrations in final products: 0.2% w/w and 0.4% w/w,

Keywords: respectively). Dynamic oscillation rheometry with parallel plate geometry was used to evaluate the
i;‘ég’;se‘j Ehcese changes in viscoelastic properties of samples. All applied low-molecular cosolutes (1% w/w) decreased
Clucose the firmness of processed cheese. The nature of coselute was not significant, i.e. the firmness of final
Galictise products was declined by various cosolutes to the similar level regardless of their (i) reducing or non-
Fructose reducing ability; (ii) structure (mono- or disaccharide, aldose or ketose); or (iii) steric arrangement
Lactose (comparison of two epimers - p-glucose and p-galactose). The reduction of sample rigidity due to
Saccharose cosolute addition was observed in both cases, i.e. in processed cheese without and also with pectin.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Processed cheese is a dairy product manufactured by adding
suitable emulsifying salts (e.g. sodium salts of phosphates,
polyphosphates and citrates) to natural cheese in the presence of
heat and constant agitation. Other optional dairy (butter, skim milk
powder, whey powder, coprecipitates, casein, caseinates, rework -
processed cheese that is reused as a blend ingredient in later
batches of processed cheese product, etc.) and non-dairy ingredi-
ents (water, vegetables and spices, meats, flavourings, colourings,
salt, hydrocolloids, preservatives, etc.) can be added into the
mixture. Some of the dairy and non-dairy ingredients could contain
various polysaccharides, disaccharides (especially lactose or sac-
charose) and monosaccharides (e.g. glucose, galactose, etc.)
(Guinee, Cari¢, & Kalab, 2004; Lee, Anema, & Klostermeyer, 2004).

The processed cheese matrix is created by a continuous protein
network in which fat and serum phase are dispersed (Udyarajan,
Horne, & Lucey, 2007). The consistency of processed cheese, the
important attribute for quality and consumer acceptability, is
a function of its (i) composition; (ii) structural arrangements of
present components (i.e. microstructure); (iii) the physicochemical
state of its constituents and (iv} its macrostructure, which reflects

* Corresponding auther. Tel.: 420 576 031 528; fax: +420 577 210 172.
E-mail address: bunka@ft.utb.cz (F. Bufika).

0268-005X/$ - see front matter @ 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodhyd.2009.03.020

possible heterogeneities such as cracks, fissures, etc. (0'Callaghan &
Guinee, 2004) Hence, the consistency of processed cheese can be
affected by many factors such as maturity of natural cheese (i.e, the
degree of proteolysis), pH of cheese melt, type and concentration of
emulsifying salts, processing and storage conditions (processing
temperature, speed of agitation, duration of heating, rate of cooling,
temperature of storage), dry matter content, fat content, presence
and concentration of ions (especially calcium, sodium and potas-
sium), type and concentration of lactose or other sugars, using of
emulsifiers (e.g. monoacylglycerides), etc. (Bowland & Foegeding,
2001; Bufika et al., 2007; Dimitreli & Thomareis, 2007; Guinee et al.,
2004; Lee et al.,, 2004; Lu, Shirashoji, & Lucey, 2007; Marchesseau,
Gastaldi, Lagaude, & Cuq, 1997; Piska & Stétina, 2004; Shirashoji,
Jaeggi, & Lucey, 2006). Hydrocolloid incorporation can also cause
changes in product structure and texture (Bennett et al., 2006;
Cernikova et al., 2008; Gustaw & Mleko, 2007; Lu et al.,, 2007).
These hydrocolloids (so called stabilizing, gelling or thickening
agents) can improve texture and consistency of food by water
binding, gel creation or viscosity enhancing. Commercially impor-
tant hydrocolloids which can be used in dairy industry are e.g.
carrageenan, locust bean gum, xanthan, modified starches or pectin
(Bennett et al., 2006; Gustaw & Mleko, 2007; Syrbe, Bauer, &
Klostermeyer, 1998; Williams & Phillips, 2000).

Pectin is a predominantly linear polysaccharide whose back-
bone is created by z-p-galacturonic acid occasionally interrupted by
rhamnose. The carboxyl group of galacturonic acid units can be
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esterified by methanol; the proportion of carboxyl groups of a-n-
galacturonic acid in the form of methyl esters is called the degree of
esterification (DE). According to this parameter, pectins are divided
into low-methoxyl pectins (LMP; DE < 50%) and high-methoxyl
pectins (HMP; DE > 50%) (Fu & Rao, 1999; Lootens et al., 2003;
Norziah, Kong, Karim, & Seow, 2001; Tsoga, Richardson, & Morris,
2004a). Degree of esterification can strongly influence the gelling
mechanism of pectin (Sato, Kawabuchi, Irimoto, & Miyawaki, 2004).
LMP gels are created in the presence of calcium ions (bridging
agents) and in the wide range of pH (2.5-7.0), whereas HMP forms
stable gels under acidic conditions (pH < 3.5) and in the presence of
high sugar content (usually > 55%) (Fu & Rao, 1999; Léfgren &
Hermansson, 2007; Norziah et al., 2001; Tsoga et al., 2004a). HMP
usually stabilizes more acidic products such as e.g, yoghurts, acidic
milk beverages and milk/juice blends. On the other hand, LMP can
serve as gelling or thickening agent in acidic or less acidic products
(e.g. milk desserts) (Leroux, Langendorff, Schick, Vaishnav, &
Mazoyer, 2003; Williams & Phillips, 2000).

Saccharides can be present in processed cheese as a component
of some ingredients used in the processed cheese manufacture, e.g.
native or modified forms of starches (glucose), whey powder and
skim milk powder (lactose and its constituent monomers) or can be
included in various flavourings agents (Guinee et al., 2004). These
saccharides can influence the rheological properties of processed
cheese. The presence of saccharides could also affect gelation of
LMP (Fu & Rao, 1999; Grosso & Rao, 1998). While the influence of
various low-molecular saccharides on the gelation of HMP has been
widely studied by many authors (Evageliou, Richardson, & Morris,
2000; Sato et al,, 2004; Tsoga et al., 2004a; Tsoga, Richardson, &
Morris, 2004b), the data about the effect of various cosolutes
presence on LMP gelation in milk products (e.g. processed cheese)
and, therefore, on the processed cheese consistency have not been
published yet.

The objective of this research was to investigate the influence of
low-molecular saccharides (1% wjw of p-glucose, p-fructose, b-
galactose, lactose or saccharose) on viscoelastic properties of model
processed cheese spreads (with 40% w/w dry matter and 50% w/w
fat in dry matter) without and with pectin addition (0.2% w/w or
0.4% w/w). The effect of various low-molecular cosolutes on the
functionality of pectin in processed cheese was examined. This
study is especially focused on the comparison of the effect of (i)
reducing and non-reducing saccharides; (ii) aldose and ketose; (iii)
monosaccharide and disaccharide and (iv) two epimers (p-glucose
and p-galactose) on the viscoelastic parameters of processed cheese
with or without pectin.

2. Material and methods
2.1. Sample preparation

The model processed cheese with 40% w/w dry matter and 50%
w/w fat in dry matter was manufactured using following ingredi-
ents: (i) Edam block cheese (8-10 weeks old; its chemical
composition is presented in Table 1); (ii) deionised water

Table 1
Chemical composition of natural cheese used for the production of model processed
cheeses (in Groups 1-1V).

Processed Chemical characterization of Edam cheese

cheese group

Dry matter Fat Crude protein pH

(% wiw) (% wiw) (% wiw)
I 51.14 £ 0.22 18.1 £ 05 296 =05 5.80 = 002
I 51.09 = 0.39 17.0+ 03 303 = 0.1 5.91 £ 001
11 5165 +035 145+ 01 338+03 5.59 + 002
% 4922 £ 0.18 158 + 04 347 = 0.1 5.72 £ 001

(for keeping constant level of ions); (iii) butter (84% w/w dry matter
and far content 82% w/w); (iv) commercial emulsifying salts
(sodium salts of phosphates and polyphosphates; JOHA, Benckiser-
Knapsack, Ladenburg, Germany); (v) non-esterified pectin (powder
form; Sigma Aldrich, Inc,, St. Louis, USA; >90% w/w dry matter and
>74% wiw of galacturonic acid) and (vi) solid cosolutes (p-glucose —
Glc, p-fructose - Fru, p-galactose - Gal, lactose - Lac, saccharose -
Sac). Lactose monohydrate and saccharose were purchased from
Lach-Ner (Neratovice, Czech Republic), n-galactose from Fisher
Scientific (Pardubice, Czech Republic), p-fructose and p-glucose
monohydrate from PENTA (Chrudim, Czech Republic).

In the first stage of this work, two groups of model processed
cheeses (Groups | and II) with addition of 1% w/w of mono-
saccharide (p-glucose, p-fructose or p-galactose) and pectin (0.2%
wfw or 0.4% w/w) were prepared. Both groups contain control
sample (without any cosolute and pectin). Each group from the first
stage (Groups | and II) included 12 batches described in Table 2.

The second part of this study was focused on the comparison of
reducing and non-reducing disaccharide. Moreover, p-galactose
was again used for comparison purpose. Two groups of model
processed cheeses (Groups Il and V) with addition of 1% w/w
of saccharide (saccharose, lactose or p-galactose) and pectin
(0.2% wjw or 04% w/w) were prepared. Also, both groups
contain control sample (without any cosolute and pectin). Each
group from the second part (Groups Il and 1V) included 12
batches described in Table 2.

The model processed cheese with 40% w/w dry matter and 50%
w/w fat in dry matter was prepared using a 2-L capacity Vorwerk
Thermomix TM 31 blender cooker (Vorwerk & Co. Thermomix;
GmbH, Wuppertal, Germany). The formulation of various processed
cheese batches was always appropriately changed (by means of
water or butter amount used) to keep constant dry matter content
and fat in dry matter content in all batches (Table 2). Pectin, when
used, was at first hydrated in the part of deionised water at 60 =C for
10 min under constant agitation in the cooker. Selected mono-
saccharides or disaccharides (the target concentration in final
products was always 1% w/w) were dissolved in the part of the total
amount of deionised water using magnetic stirrer MR 1000 (Hei-
dolph Instruments, Schwabach, Germany) and were added to the
pectin into the cooker. Edam block cheese and butter were cut into
small pieces (2 x 2 x 2 cm) and put into the cooker and minced for
1 min. Mixture of emulsifying salts (2% w/w) and remaining part of
deionised water were added into the blend. The mixture was
heated up to 90 =C at a constant agitation and kept for 1 min at this
temperature. Finally, samples were poured into 100 g polystyrene
doses with sealable lids, cooled and stored in a refrigerator at
6 £ 2 °C. The processing parameters were selected to simulate
conditions in dairy industry (Piska & Stétina, 2004). The total
amount of one batch was approximately 600-700 g.

2.2. Chemical analysis

Each batch of used Edam cheese was analyzed for pH, dry
matter, fat and protein content and model processed cheese
spreads were characterized by pH, dry matter, fat and ash content.
Dry matter content was determined by drying at 102 + 2 °C to
a constant weight according to 1SO 5534:2004, pH was measured
by pH-meter Gryf208 L (Gryf, Havlick(v Brod, Czech Republic) with
glass electrode THETA 90 HC 113 (Gryf, Havlickiv Brod, Czech
Republic) at 20 = 2 *C ash content was analyzed by burningof 1 g
of sample in muffle furnace at 550 + 5°Cfor 5 h and fat content was
determined by the acidobutyric method of van Gulik (Dimitreli &
Thomareis, 2007). Crude protein was assayed by analysis of total
nitrogen amount (TN) by Kjeldahl method and calculating crude
protein content as TN x 6.38 (Dimitreli & Thomareis, 2007). The
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Description of analyzed samples and their raw materials (g) in the first and the second stage of work.

Stage of work Group of Amount of Type and amount of Raw materials (g)*
SRS peua e 2 EEi S Cheese Butter Deionised Emulsifying Pectin Cosolute®
water salts

The first Tand 11 None None 330; 330 76; 86 192; 203 124; 124 0; 0 0;0
None 1% w/w p-galactose 330; 330 84;94 210; 222 124; 124 0; 0 6.5; 65
None 1% w/w p-fructose 330; 330 84; 94 210; 222 124; 124 0;0 6.5; 65
None 1% w/w p-glucose 330; 330 84; 94 209; 221 124; 124 0:0 i [ fa|
0.2% wjw None 330: 330 78: 87 196: 206 12.4: 124 13:13 0:0
0.2% wjw 1% wjw p-galactose 330; 330 86; 96 214; 226 124; 124 F3+13 B6.5; 65
02% wiw 1% w/w p-fructose 330; 330 86; 96 214; 226 124; 124 13513 6.5; 6.5
0.2% wiw 1% w/w p-glucose 330; 330 86; 96 213; 225 124; 124 13;13 b Ear |
0.4% wiw None 330: 330 79: 89 199: 210 12.4: 124 26:26 0:0
0.4% wiw 1% w/w p-galactose 330; 330 88;98 218; 231 124; 124 26;26 6.5; 6.5
0.A4% wiw 1% w/w p-fructose 330; 330 88;98 218; 231 124; 124 26;26 6.5; 6.5
04% wiw 1% w/w p-glucose 330; 330 88; 98 217; 230 124; 124 26;26 7 bl |

The second 1T and IV None None 330; 330 108; 88 232; 190 124; 124 0;0 0;0
None 1% w/w p-galactose 330; 330 116; 96 249; 208 124; 124 0;0 6.5; 6.5
None 1% wjw saccharose 330; 330 116; 96 249; 208 124; 124 0;0 6.5; 65
None 1% wiw lactose 330; 330 116; 96 248; 207 124; 124 0;0 7.0;70
0.2% wiw None 330; 330 110; 89 236; 193 124; 124 313 0;0
0.2% wiw 1% w/w p-galactose 330; 330 118; 98 253; 213 12.4; 124 313 6.5; 6.5
0.2% wiw 1% w/w saccharose 330; 330 118; 98 253: 213 124; 124 7 B i B 6.5; 6.5
0.2% wiw 1% wiw lactose 330; 330 118; 98 252; 212 124; 124 F3+43 7.0;:70
0.4% wiw None 330; 330 111; 91 238; 197 124; 124 2.6; 2.6 0;0
04% wiw 1% w/w p-galactose 330; 330 119; 100 256; 217 124; 124 26;26 6.5; 65
0.4% wiw 1% wjw saccharose 330; 330 119; 100 256; 217 124; 124 2.6; 26 6.5; 6.5
0.4% wiw 1% wiw lactose 330; 330 119; 100 255; 216 124; 124 26;26 7.0; 70

@ In the first stage, the amount before semicelon (;) belongs to Group | and the amount after semicolon belongs to Group II (I; I). The same rule is in the second stage for

Groups 11T and IV (11I; V).
b Monohydrate-forms were taken into account.

chemical analysis of model processed cheese was made after 14
days of storage in a refrigerator at 6 + 2 =C.

2.3. Rheological analysis

Rheological analysis of model processed cheese was made using
a controlled stress rheometer Bohlin GEMINI (Malvern Instruments
Ltd., UK) with parallel plates geometry (40 mm diameter, 1 mm
gap). Small-deformation oscillatory measurements of model pro-
cessed cheese were performed after 14 days of storage in a refrig-
erator at 6 = 2 *C Frequency sweeps at 20.0 &+ 0.1 *C were used to
investigate viscoelastic properties of model processed cheese;
frequency varied from 0.1 to 50.0 Hz. The storage (G')and loss (G")
moduli were measured in the linear viscoelastic region (the shear
stress amplitude of 25 Pa). The loss tangent (tan 4) and complex
modulus (G*) for the reference frequency 1 Hz were calculated
according to equations (1) and (2) respectively (Gabriele, Cindio, &
D'Antona, 2001; Gunasekaran & Ak, 2000):

tané = G"/G (D

G(w) = \J.f";G'(w')ZAG"(cujz (2)

The reference frequency 1 Hz was chosen according to available
literature (Bennett et al., 2006; Buiika et al., 2007; Lu et al., 2007;
Piska & Stétina, 2004). The viscoelastic properties of processed
cheese spreads with pectin and low-molecular cosolutes were also
evaluated by means of Winter's critical gel theory (Winter &
Chambon, 1986) which was recommended by Gabriele et al. (2001)
to food samples. The complex modulus (G") can be expressed as
follows:

G (w) = Apw!/? (3)
where (Ag) is the gel strength (Pa s“zj and (z) is the interaction
factor, ie. the number of structure units interacting with one

another in a three-dimensional network. The higher is the interac-
tion factor, the more interactions occur in sample matrix (Gabriele
et al.,, 2001; Martinez-Ruvalcaba, Chornet, & Rodrigue, 2007).

2.4. Statistical analysis

Results obtained from chemical and rheological analysis were
statistically evaluated by parametric t-test using statistical pro-
gramme Unistat® 55 (Unistat Ltd., London, UK). Results were
evaluated as significantly different if P < 0.05.

3. Results and discussion

Four groups of model processed cheese (i = I-1V) were prepared
according to the same procedure, but separately in different days
and with using of different batches of natural cheese. The different
batches of Edam block cheese were chosen to simulate the indus-
trial practice because there are processed Edam cheeses of different
degree of maturity and different batches. These factors significantly
influence viscoelastic properties of processed cheese (Guinee et al.,
2004). Since the initial rigidity of samples was affected by the batch
of Edam cheese, all the samples in the specific group were always
related to the control sample included in this group.

3.1. Chemical analysis

The chemical composition of 4 different groups of model pro-
cessed cheese is shown in Table 3. The differences in values of dry
matter, pH, fat and ash content for samples in the group were not
significant within the group. The values of pH ranged from 5.79 to
5.97, which is the optimal pH to obtain suitable structural and
sensory properties of processed cheese spreads (Guinee et al.,
2004; Lu et al., 2007; Marchesseau et al., 1997). The processed
cheese consistency and the functionality of pectin are substantially
influenced by parameters such as dry matter content, fat content,
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Table 3
Chemical composition of model processed cheese (in Groups I1-1V].

Processed cheese group Dry matter (% wiw) Fat (% wjw) Ash (% w/w) pH

1 41.98-43.38 220-230 3.8-45 5.90-5.96
it 40.52-4245 225-230 4.1-47 5.88-5.97
il 41.89-43.29 21.5-220 3.9-45 5.79-5.85
v 4093-42.84 21.5-220 4.0-45 5.79-5.83

ion presence and its concentration and pH of system (Lee et al.,
2004; Lootens et al., 2003; Marchesseau et al., 1997; Piska & 3t&tina,
2004). Hence, very close values of these chemical attributes (in the
group) allowed comparison of the influence of pectin and/or low-
molecular cosolutes addition on the viscoelastic properties of
model processed cheese spreads.

3.2, Rheological analysis

Small amplitude oscillatory shear tests, measuring storage (G')
and loss (G") moduli, are very often used for rheological analysis of
processed cheese (Bowland & Foegeding, 2001; Gunasekaran & Ak,
2000; Lee et al., 2004; Lu et al,, 2007; Marchesseau et al., 1997;
Piska & Stétina, 2004).

In the first stage of this study (Groups | and Il), the effect of
different low-molecular monosaccharides (p-glucose, p-fructose
and p-galactose) and pectin on viscoelastic properties of processed
cheese was investigated. Table 4 presents the values of storage
modulus (G'), loss modulus (G”) and loss tangent (tan &) for the
reference frequency 1 Hz in Groups | and Il. The addition of pectin
(0.2% w/w or 0.4% w{w) caused significant enhancement of storage
and loss moduli compared to control sample without pectin
(P < 0.05). Higher values of moduli indicate the increase in firmness
of model processed cheese. Lower values of loss tangent (calculated
according to Eq. (1)) due to pectin addition (P < 0.05) are referred to
the increase of gel elasticity (Cernikova et al., 2008; Piska & 5tétina,
2004). These results were also confirmed by data obtained from
Winter’s critical gel theory, where gel strength (Af) and interaction
factor (z) were calculated from complex modulus (G™) according to
Eq. (3) and are presented in Table 5. The findings corresponded
with results described above, The higher gel strength in samples
with pectin can be explained by more interactions occurring in
sample (see values of interaction factor in Table 5), e.g. hydrogen
bonds, hydrophobic interactions between caseins or between

Table 4

caseins and fat, calcium-mediated electrostatic bonds among the
caseins (Kapoor & Metzger, 2008).

Further, low-molecular saccharides were added into the pro-
cessed cheese blends. All applied low-molecular cosolutes caused
significant decrease in values of storage (G’) and loss (G") moduli
compared with control processed cheese (P < 0.05). Loss tangent
was also increased by low-molecular saccharide addition (see
Table 4); it means that elasticity declines in comparison with
samples without low-molecular cosolutes. All three reducing
saccharides (p-glucose, b-fructose, p-galactose) reduced both
moduli (G" and G”) to the similar level (P > 0.05) in the majority of
cases. The decrease of processed cheese firmness was investigated
also by means of Winter's critical gel theory. Gel strength values
confirmed the decline of rigidity of model samples (i.e. the decrease
of loss and storage moduli) with cosolutes compared with control
sample. The reduced values of gel strength can be caused by the
drop of number of interactions in the sample matrix. This fact was
confirmed by the interaction factor values (see Table 5).

Also the effect of solid cosolute addition on rigidity of processed
cheese with pectin, i.e. on functional properties of pectin in pro-
cessed cheese, was studied. According to Table 4, the values of
storage (G') and loss (G”) moduli of model processed cheese with
pectin (0.2% w/w and 0.4% w/w respectively) and 1% w/w cosolute
were significantly lower compared to those obtained for model
processed cheese only with pectin (0.2% w/w and 04% wfw
respectively). Generally, the samples with cosolute were less rigid
than those without it. These findings were also supported by
Winter's theory of critical gel (see Table 5).

The rheological results from the first stage of this worl are
graphically presented in Fig. 1 which shows the dependence of the
complex modulus (G*) on frequency for model processed cheese in
Group Il. The complex modulus (G) values were calculated
according to Eq. (2). Since all applied cosolutes cause similar
decrease of sample rigidity compared to control, p-galactose was
chosen as their representative for lucidity in Fig. 1. According to this
figure, the complex modulus (G*) increased in the whole tested
frequency range (0.1-50.0 Hz). This figure also reflects that pectin
addition caused the increase of sample firmness and low-molecular
saccharide addition led to the drop of sample rigidity compared to
sample without cosolute.

The structure and steric arrangement of used monosaccharides
were not significant, i.e. the decrease of processed cheese rigidity
was always to the similar level due to the addition of mono-
saccharides used in this study. Aldohexose bp-glucose and

The values of storage modulus (G'}, loss modulus (G”) and loss tangent (tan &) for the reference frequency 1 Hz in tested processed cheese (Groups | and II).

Pactin addition Cosolute? Group of processed cheese
I 1l
@ (Pa)® GH(Pa)E tan 6 G’ (Pa)® G (Pa)P tan
None None 6084 = 31431 3723 + 3147 0612 4381 = 470" 3071 = 370% 0.701
Cal 3623 = 218° 2844 + 218° 0.785 1854 + 115" 1577 + 1159 0.851
Fru 3491 = 204° 2674 = 204° 0.766 1870 = 74° 1666 = 74° 0.891
Gle 3568 = 451° 2776 = 351° 0778 1894 = 41° 1684 = 41° 0.889
0.2% wiw None 8896 = 453° 4537 £ 253%¢ 0510 6118 = 318° 3738 = 218% 0.611
Gal 5812 = 526397 3964 = 326° 0682 4333 = 475" 3167 = 375™ 0.731
Fru 5955 = 1662 4115 £ 1662 0691 4570 = 156%€ 3281 = 1562 0.718
Glc 5864 ~ 39724 4022 + 2972 0686 4344 £ 1322 3154 = 1322 0.726
04% wiw None 10 353 £ 631° 4969 < 331° 0480 8570 = 3544 4482 + 234° 0523
Gal 5689 + 258%¢ 4341 £ 2583¢ 0649 5428 + 42¢ 3637 + 42¢¢ 0.670
Fru 5983 = 186° 4385 < 186%¢ 0628 5101 = 143° 3377 + 143349 0.662
Glc 6826 = 211%° 4348 £ 2117° 0637 5354 £ 453%%18 3651 = 253%¢ 0.682

? Gal - p-galactose, Fru - o-fructose, Glc - o-glucose.

b Storage (G') and loss (G”) moduli are presented by mean = standard deviation; tan 4 = G”/G’. Mean values having the same superscript letter in each column are not

significantly different (P = 0.05).
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Table 5
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The values of gel strength (Ag) and interaction factor (z) for model processed cheese (Groups [ and 11).

Pectin addition Cosplute? Group of processed cheese
I 1
Ar (Pa SMJu P Ag (Pa 51;2)h b
None None 6740 = 458° 3,29 £ 0,08%¢ 5614 = 638" 324 £ 0173
Gal 4560 = 312° 2.97 = 0.08° 2466 = 167° 2.66 = 0.08°
Fru 4190 + 283° 2,93 + 0.08° 2312 £ 97° 2.67 = 0.05°
Glc 4541 = 574P¢ 2,91 = 0.18° 2410 < 55° 265 = 0,03°
0.2% wiw None 10 195 = 543¢ 3,57 = 0.09° 6954 = 384° 324 = 0,08°
Gal 6938 = 5092 3.24 £ 0,142 4218 + 481° 293 = 0.15°
Fru 7409 £ 253° 3.36 = 0.05¢ 4681 + 1927 3.08 £ 0.059
Gle 7050 = 498%¢ 3.30 + 0.113¢ 4386 = 158° 291 = 0.04°
0.4% wiw None 10 761 = 687° 3.77 £0.11° 8380 = 3918 3.49 = 0.07°
Gal 8516 = 417" 3.44 < 0.06° 5554 + 54° 320 = 0.01°
Fru 8445 + 2927 3.48 = 0.04% 5293 = 186" 324 = 0.04%
Gle 8080 = 3202 3,51 £ 0.05%2 5503 £ 42420 321 +0.132

 Gal - p-galactose, Fru - p-fructose, Glc - p-glucose.

b Gel strength (Ag) and interaction factor (z) are presented by mean = standard deviation, Mean values having the same superscript letter in each column are not

significantly different (P > 0.05).

Complex Modulus G* (Pa)

0T .

0.1 1 10
Frequency f (Hz)

Fig. 1. Dependence of the complex modulus (G} on frequency (f) for products in Group
II; Control sample (@ ); sample with 0.2% w/w pectin [ 4 ), sample with 0.4% w/w pectin
(), sample with 1% w/w p-galactose (M), sample with 0.2% w/w pectin and 1% w/w
p-galactose [ V ), sample with 0.4% w/w pectin and 1% w/w p-galactose (= ).

Table 6

ketohexose p-fructose had the same effect on the viscoelastic
properties of processed cheese without or with pectin, as well as b-
glucose and its C-4 epimer p-galactose caused the similar reduction
of sample firmness.

In the second stage, the comparison between the effect of
reducing and non-reducing disaccharides on the viscoelastic
properties of processed cheese with or without pectin addition was
investigated. In Groups Il and 1V, p-galactose, lactose and saccha-
rose as cosolutes were used. For mutual comparison of the effect of
all used cosolutes on sample rigidity, o-galactose was used in the
both stages of this work. The changes in rheological properties of
samples due to pectin and low-molecular saccharides addition are
shown in Tables 6 and 7. These findings confirmed the trends in
results obtained for the first part of this work (Groups I and 1I); i.e.
the addition of pectin caused an increase in storage modulus (G')
and in most cases increase of viscous modulus (G") (P < 0.05).
Further, the addition of cosolute caused lower rigidity of processed
cheese compared to sample without cosolute (P < 0.05). In the case
of cosolutes used in the second stage of the work (p-galactose,
lactose and saccharose), values of interaction factors (z) and gel
strength (Af) were changed in the same way as described above for
Groups I and IlI. In most cases low-molecular saccharides, regardless

The values of storage modulus (G'), loss modulus {G”) and loss tangent (tan &) for the reference frequency 1 Hz in tested processed cheese (Groups III and V).

Pectin addition Cosolute? Group of processed cheese
jits v
G (Pa)® G" (Pa)® tan 6 o (Pa G (PalP tan §
None None 3655 £ 1637 2304 £ 1267 0.630 3140 = 1117 2087 + 74%4 0.665
Gal 2867 = 80° 1963 = 41° D.685 2409 + 41° 1740 < 30° 0.722
Lac 2589 + 272°¢ 1797 £ 153°¢ 0.694 2396 =+ 73° 1735 + 53° 0.724
Sac 2625 £ 26° 1708 £ 17° 0.651 2349 + 250° 1648 + 159° 0.702
0.2% wiw None 4470 + 2034 2540 £ 176% 0568 4214 + 144° 2542 + 87° 0.603
Gal 3894 = 179° 2359 = 94° 0.606 3597 = 333° 2249 + 2084 0.625
Lac 3643 £ 1132 2241 + 36 0615 3377 £ 2222 2067 = 136° 0.612
Sac 3774 = 47 2226 = 46° 0590 3440 = 288° 2113 = 177¢ 0614
0.4% wiw None 7753 + 299° 3727 = 1074 0.481 6969 = 120¢ 3647 + 63° 0523
Gal 6029 < 1957 3169 < 109° 0391 5522 + 128° 2888 + 277 0523
Lac 5918 = 54 3105 < 90° 0379 5918 = 412° 3105 = 216" 0525
Sac 6128 + 304" 3177 £ 129° 0363 5706 + 274° 2993 + 144" 0525

? Gal - p-galactose, Lac - lactose, Sac - saccharose.

b Storage (G') and loss (G”) moduli are presented by mean + standard deviation; tan § = G*/C', Mean values having the same superscript letter in each column are not

significantly different (P = 0.05).
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Table 7
The values of gel strength (Ag) and interaction factor (z) for model processed cheese (Groups 11 and 1V).
Pectin addition Cosolute? Group of processed cheese
11 v
Ag (Pa s'?)P il Ag (Pas')P 20
None None 4236 + 2012 3.03 £ 0.06° 3695 £+ 130° 291 + 0,05
Gal 3417 £ G8° 2.81+0.03° 2920 = 49° 277 + 0.02°
Lac 3078 = 285° 281 =013 2911 = 89" 276 = 0.04°
Sac 3071 + 29° 286+ 001° 2821 = 285° 275 = 0.14°
0.2% wlw None 5012 = 286° 323 = 007° 4818 = 164° 307 + 0.05°
Gal 4438 + 190° 3.10 = 0.078F 4154 + 3834 3.00 = 0.133¢
lac 4193 + 99° 3.05 + 0.05%¢ 3883 = 25234 3.04 + 0.08°
Sac 4292 £ 70° 3.13 = 0.02 3950 = 328°¢ 3.00 = 0.12%¢
0.4% wlw None 8425 = 283° 3.65 =+ 0.07° 7686 + 131° 347 + 0.03°
Gal 6661 + 220° 345 = 005" 6091 = 98" 3.45 + 0.04°
lac 6514 = 1248 341 = 001! 6514 = 4532 341 +£0.11°
Sac 6744 + 3028 3.50 = 0.08" 6304 = 30378 345+ 0.08°

? Gal - p-galactose, Lac - lactose, Sac - saccharose.

b Gel strength (Ag) and interaction factor (z) are presented by mean = standard deviation. Mean values having the same superscript letter in each column are not

significantly different (P > 0.05).

of their reducing ability, decreased processed cheese firmness to
the same level (P > 0.05). For lucidity, Fig. 2, showing the depen-
dence of the complex modulus (G”) on frequency for processed
cheese in Groups IV, is presented. All cosolutes reduced firmness of
cheese similarly and, hence, lactose was chosen as their represen-
tative in Fig. 2.

It seems that the nature of added low-molecular saccharide was
not significant. There was no difference in the effect of various solid
cosolutes on viscoelastic properties of processed cheese between (i)
reducing (p-galactose, lactose) and non-reducing (saccharose)
saccharides and (ii) monosaccharide (o-galactose) and disaccharide
(lactose, saccharose).

The growth of gel rigidity due to increasing pectin amount was
observed by El-Nawawi and Heikal (1995) and Macki, Buiika,
Pavlinek, Lecianova, and Hrabé (2008). The effect of a few cosolutes
(xylitol, sorbitol, glucose and saccharose) on pectin gelation in
model solution containing water, pectin and cosolute was studied
(Fu & Rao, 1999; Nilsson, Piculell, & Malmsten, 1990; Tsoga et al.,
2004a). They found that the associative interactions between
cosolute and polymer can compete with polymer-polymer inter-
actions and, hence, weaken these polymer-polymer interactions

Complex Modulus G* (Pa)

Frequency f (Hz)

Fig. 2. Dependence of the complex modulus (G™) on frequency (f) for products in
Group IV; Control sample ( @ ); sample with 0.2% w/w pectin [ 4 ), sample with 0.4% w/
w pectin (O ), sample with 1% w/w lactose (M), sample with 0.2% w/w pectin and 1%
w/w lactose (W), sample with 0.4% w/w pectin and 1% w/w lactose ().

required for gel formation. However, Tsoga et al. (2004a) claimed
that the effectiveness of various cosolutes in the creation of HMP gel
and its strength was different. According to the above mentioned
study, the inhibitory effect on polymer-polymer interactions corre-
lates well with the melting points of low-molecular cosolute and
drops in following order: xylitol > sorbitol > glucose > saccharose.
However, in our study we found different results probably as
a consequence of LMP using instead of HMP and using of real food
samples where other interactions (e.g. pectin-casein interaction,
cosolute-casein interaction, etc.) must be taken into account. As it
was already mentioned above, processed cheese matrix is composed
of continuous protein network with dispersed fat and serum phase
(Udyarajan et al., 2007). According to Raval and Mistry (1999), the
continuous protein matrix can be broken by the finer dispersion of
fat and by water. The similar effect could be expected by cosolutes,
because they also could disrupt the continuous phase of processed
cheese, and thus cause the drop of processed cheese firmness.

4. Conclusion

The effect of low-molecular cosolutes (p-glucose, o-fructose, b-
galactose, lactose, saccharose) on viscoelastic properties of model
processed cheese and their influence on the functionality of pectin
in processed cheese were investigated. The higher pectin content
was used, the higher rigidity of processed cheese was obtained. The
application of low-molecular solid cosolutes caused always
decrease of processed cheese firmness to the similar level regard-
less of their reducing or non-reducing ability, structure or steric
arrangement. Reducing saccharide compared with non-reducing
saccharide, aldose compared with ketose, mono- compared with
disaccharide and two mutual epimers caused always, at the same
cosolute concentrations, the similar reduction in processed cheese
rigidity.
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The aim of this study was to investigate the effect of selected phosphate emulsifying salts {NazPOyg,
NayHPO4, NasP207 NapH,P207 NasP30,q, sodium polyphosphate) and their selected mixtures (sodium
polyphosphate + Na;HPOy; sodium polyphosphate — NasP,07) on the viscoelastic properties of model
processed cheese (dry matter — 40 g/100 g; fat in dry matter — 50 g/100 g). Viscoelastic properties of
model samples stored at 6 = 2 °C were investigated by dynamic oscillation rheometry (plate—plate
geometry; frequency range 0.1-50.0 Hz; temperature 20 °C). Processed cheese manufactured with
different phosphates showed various pH values and different viscoelastic properties. The firmness of
samples increased due to use of particular types of tested phosphates. Their influence on cheese firmness
increased in the following order: orthophosphate < polyphosphate < diphosphate < triphosphate. The
increasing content of polyphosphate (up to 50%) in the binary mixture of polyphosphate and ortho-
phosphate or polyphosphate and diphosphate caused the increase of firmness of model samples. The
content of polyphosphates above 50% in the binary mixture led to decrease of firmness of model pro-

cessed cheese.

© 2010 Published by Elsevier Ltd.

1. Introduction

Processed cheese is a dairy product manufactured from natural
cheese and suitable emulsifying salts {e.g. sodium salts of phos-
phates, polyphosphates and citrates). lts matrix is formed under
a partial vacuum, constant agitation and upon heating. Other
optional dairy (butter, skim milk powder, whey powder, copreci-
pitates, caseinates, etc.) and non-dairy ingredients (water, vegeta-
bles, spices, flavourings, colourings, salt, hydrocolloids, etc.) can be
added into the blend (Guinee, Cari¢, & Kalib, 2004; Lee, Anema, &
Klostermeyer, 2004). The consistency of processed cheese can be
influenced by many factors such as type and maturity of natural
cheese, pH of cheese melt, type and concentration of emulsifying
salt, processing conditions, dry matter content, fat content, pres-
ence and concentration of ions (especially calcium), use of hydro-
colloids, etc. (Bowland & Foegeding, 2001; Cernikova et al., 2008;
Dimitreli & Thomareis, 2007; Guinee et al., 2004; Gustaw &

* Corresponding author. Tel.: —420 576 031 528; fax: —420 577 210 172.
E-mail address: bunka@ft.utb.cz (F. Bunka).

0023-6438/S — see front matter @ 2010 Published by Elsevier Ltd.
doi:10.1016/j.lwt.2010.04.012

Mleko, 2007; Lee et al, 2004; Lu, Shirashoji, & Lucey, 2007;
Marchesseau, Gastaldi, Lagaude, & Cugq, 1997; Piska & Stétina,
2004; Shirashoji, Jaeggi, & Lucey, 2006).

Emulsifying salts are essential in the formation of uniform
structure of processed cheese. Sodium phosphates, polyphosphates
and citrates represent the most commonly used ones. Their
important role is to enhance the emulsifying capability of cheese
proteins by removing calcium from caseins and by peptizing,
hydrating and dispersing the protein. Additional effects the above
salts show are pH increase (in the majority of cases) and buffering,
stabilisation of oil-in-water emulsion and structure formation
(Guinee et al., 2004; Mulsow, Jaros, & Rohm, 2007). However, only
limited information about the effect of individual phosphate
emulsifying salts and the effect of binary mixtures of individual
phosphates on viscoelastic properties of processed cheese has been
found in available literature.

The objective of this research was to investigate the influence of
selected phosphate emulsifying salts (NazsPOy4, NapHPO4, NayP207,
NazHzP207, NasP30ig, sodium polyphosphate) and their binary
mixtures (sodium  polyphosphate + NayHPOs;  sodium
polyphosphate + NasP;07) on viscoelastic properties of model

Please cite this article in press as: Sidlikova, 1., et al, The effect of selected phosphate emulsifying salts on viscoelastic properties of processed
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processed cheese (dry matter — 40 g/100 g; fat in dry matter — 50 g/
100 g).

2. Materials and methods
2.1. Sample preparation

Edam block cheese {dry matter — 50 g/100 g, fat in dry matter —
30 g/100 g; 8—10 weeks old), deionised water (for keeping of
constant ion-conditions), butter (dry matter — 84 g/100 g, fat —
82 g/100 g) and sodium salts of orthophosphates, diphosphates,
triphosphates and polyphosphates (3 g/100 g of processed cheese;
N33PO4, NazHPO4, N64P207‘ Na:H;P:O;’, N35F3010‘ sodium l_)O]y-
phosphate; Fosfa a.s., Breclav-Postornd, Czech Republic) were used
for preparation of model processed cheese (dry matter — 40 g/
100 g; fat in dry matter — 50 g/100 g). All samples were manu-
factured using a 2-L capacity Vorwerk Thermomix TM 31 blender
cooker (Vorwerk & Co. Thermomix; GmbH, Wuppertal, Germany).
Edam block cheese, butter and a mixture of phosphates (or an
individual phosphate) were premixed in the cooker at high agita-
tion followed by water addition. Under constant agitation, the
mixture was heated in the cooker to 90 °C and then heated for
1 min at the same temperature, Packed samples (100°g doses) were
cooled and stored in a refrigerator at 6 + 2 °C. The total amount of
one batch was approximately 700 g and each batch was manufac-
tured in duplicate.

At the beginning of the experiment (first stage of work), two
groups of model processed cheeses (Group | and I1) with addition of
various phosphates (3.0 g/100 g of cheese; NazPO4, NazHPOjy,
NasP205, NazH3P207 NasP301p, sodium polyphosphate — PoP) were
prepared. Each of these two groups included 6 batches that differed
only in emulsifying salt applied (see Table 1). In addition, pH of
model samples in Group Il,were adjusted by hydrochloric acid or
sodium hydroxide to practically similar level (approximately to
5.5—6.0). The above chemicals were added when the melt was
heated to 85 =1 °C.

The second part of this study explored the influence of mixture of
two different phosphates on viscoelastic properties of model pro-
cessed cheese. Four groups of samples {Groups llI-VI; see Table 1)
were manufactured and each group included 5 batches differing
only in the ratio of phosphates in the mixture. Manufacturing
samples in Groups lll and IV, a binary mixture of polyphosphate and
orthophosphate (PoP:NazHPO4) was folded in and processed

Table 1
Groups of processed cheese manufactured with different sodium phosphates or
their mixtures (PoP:Na;HPO,; PoP:Na,P,05 F.

Emulsifying salt
(3.0 g/100 g of cheese)

NazPOs
NagHPO4
Na,P,0;
NayH,P07
NasP301o
PoP

Stage of work Group of
samples

land I

The first

The second 11l and IV PoP:NazHPOy4 (100:0)
PoP:Na,HPO, (75:25)
PoP:Na;HPO, (50:50)
PoP:Na;HPO4 (25:75)
PoP;NayHPO4 (0:100)
PoP:NayP,05 (100:0)
PoP:NasP207 (75:25)
PoP:NasP207 (50:50)
PoP:NayP,07 (25:75)
PoP:NasP>0; (0:100)

Vand VI

2 PoP — sodium pelyphosphate.

cheeses in Groups V and VI were prepared with mixture of poly-
phosphate and diphosphate (PoP:NasP,07). The ratio of sodium
phosphates in the mixture was gradually changed in the following
order: 100:0, 75:25, 50:50, 25:75 and 0:100 (the first number refers
to polyphosphate and the second one represents quantity of ortho-
or diphosphate in the mixture). The values of pH of processed
cheeses in Groups IV and VI were adjusted by hydrochloric acid or
sodium hydroxide to practically similar level (approximately to
5.5—6.0).

All groups of model processed cheese (i = |-VI) were manu-
factured according to the same technology separately on different
days. Model samples were produced from Edam block cheese of
different batches obtained from one producer. The different
batches of Edam block cheese were chosen to simulate the real
industrial practice because there are processed Edam cheeses of
different degree of maturity and different batches.

2.2. Chemical analysis

After 14 days of storage at 6 + 2 °C, pH, dry matter and fat
content in model processed cheeses were analysed. Dry matter was
determined by drying at 102 + 2 *Caccording to ISO 5534:2004. Fat
content was measured by the method of van Gulik according to ISO
3433:2008. Values of pH were determined by a Gryf 208 L pH-
meter with THETA 90 HC 113 glass electrode (Gryf, Havlickav Brod,
Czech Republic) at 20 + 2 °C. Chemical analyses were conducted in
riplicate.

2.3. Rheological analysis

Viscoelastic properties of processed cheese were investigated
using a controlled stress Bohlin rheometer (Bohlin GEMINI, Mal-
vern Instruments Ltd., Malvern, UK) with parallel plates geometry
(40 mm diameter, 1 mm gap) at 20.0 = 0.1 °C. Linear viscoelastic
region was determined by amplitude sweep test while frequency
sweep mode was used to evaluate viscoelastic properties of model
samples. The storage (G') and loss (G"”) moduli were measured in
the 0.1-50.0 Hz frequency range. The loss tangent (tan 4) and
complex modulus (G*) for the reference frequency 1 Hz were
calculated according to Eq. (1) and (2) (Gabriele, de Cindio, &
DAntona, 2001; Gunasekaran & Ak, 2000):

tand = G"/G (1)

G(w) = \‘f‘rG’f'cu,)z*G”{cu)z (2)

The value of reference frequency 1 Hz was recommended in

available literature (Bennet et al., 2006; Lu et al., 2007; Piska &qQ2

Stétina, 2004). Dynamic rheological measurements of samples
were carried out after 14 days of storage at 6 = 2 °C.

The viscoelastic properties of processed cheese were also eval-
uated by application of Winter's critical gel theory (Winter &
Chambon, 1986), which was recommended for food samples by
Gabriele et al. (2001). The complex modulus (G) can be expressed
by:

G (w) = Apw'/? (3)

where w is the frequency, (Ag) is the gel strength and (z) is the
interaction factor, i.e. the number of structure units interacting
with one another in a three-dimensional network. The higher is
the interaction factor, the more interactions occur in sample
matrix (Gabriele et al., 2001; Martinez-Ruvalcaba, Chornet, &
Rodrigue, 2007).

Please cite this article in press as: Sadlikovd, L, et al,, The effect of selected phosphate emulsifying salts on viscoelastic properties of processed
cheese, LWT - Food Science and Technology (2010), doi: 10.1016/j.lwt.2010.04.012




YFSTL2431 proof m 29 April 2010 = 3/6

1. Sddlikovd et al. / LWT - Food Science and Technology xxx (2010) 1-6 3

2.4. Statistical analysis

Results obtained from chemical and rheological analyses were
statistically evaluated by parametric t-test using the Unistat 5.5
statistical programme. Results were evaluated as significantly
different when P < 0.05.

3. Results and discussion
31. Chemical analysis

The following values illustrate dry matter content (g/100 g) in
analysed samples: 42.10—42.85 (Group 1), 41.90—42.98 (Group II),
41.82—42.61 (Group 111}, 42.06—43.67 (Group 1V}, 42.07—43.88 (Group
V)and 42.38—42.99 (Group VI). Fat content (g/100 g) ranged between
the following values: 21.0-22.0 (Group 1), 21.0-22.5 (Group I},
21.0—-21.5 (Group llI), 22.0-22.5 (Group V), 22.0—-23.0 (Group V) and
21.5—22.5 (Group VI). Viscoelastic properties of processed cheese are
substantially affected by chemical composition of the product (Lee
et al,, 2004; Marchesseau et al., 1997; Piska & Stétina, 2004). Similar
contents of the above cheese constituents allowed the comparison of
the effect of various sodium phosphates (or their mixtures) on the
viscoelastic properties of processed cheese.

3.2. Processed cheese containing individual sodium phosphates

3.2.1. Assessment of pH — processed cheese without pH adjustment

The values of pH of model processed cheese in Group | manu-
factured with addition of different sodium phosphates are given in
Table 2. These values varied significantly from 4.67 to 6.93.
According to scientific literature, the pH optimum for obtaining
suitable structural and sensory properties of processed cheese
should oscillate between 5.5 and 6.0 {Guinee et al.,, 2004; lee &
Klostermeyer, 2001; Lu et al, 2007; Marchesseau et al., 1997).
Optimal pH was found only in samples with PoP. Compared to
natural cheese (raw material for processed cheese production, its
pH = 5.6-5.8), the usage of other phosphates caused mostly the
increase of pH values of the processed cheese. The application of
disodium dihydrogen diphosphate (Na;H,P;07) was the only
exception (pH = 4.67). The values of pH of model processed cheese
increased due to various phosphates usage in the following order:
PoP < NagHPO4 < NasP301g < NagP207 < NasPOs. Generally, it can
be said that sodium salts of phosphates change the pH of the cheese
blend (they usually cause increase of blend pH) and contribute to
pH stabilisation due to their buffering capacity (Guinee et al., 2004;
Molins, 1991: p. 261; Mulsow et al., 2007).

32.2. Rheology — processed cheese without pH adjustment
The results for model processed cheese in Group | obtained by
rheological measurement are given in Table 3. The addition of

Table 2
The values of pH of model processed cheese manufactured with different sodium
phosphates (Groups | and 11)%

Phosphate Processed cheese group
1 I

NaaPOy 6.93 = 003 5.62 = 0.02
Na;HPO4 6.64 = 002 557 + 0.01
NayP,0, 684 = 002 5.56 = 0.03
NapH2P207 467 = 002 5.62 = 0.01
NasPa0p 6.74 = 001 5.55 = 0.03
PoP 579 £ 002 561+ 0.02

# Values of pH are expressed as mean = standard deviation, The values of pH of
processed cheeses in Group Il were adjusted practically to similar level by using an
acid (HCI) or a base (NaOH).

various phosphate emulsifying salts caused formation of products
with different viscoelastic properties. The lowest values of storage
and loss moduli were found in samples made with orthophos-
phates (NazPO4 or NazHPQ4). Moreover, loss modulus value was
always higher than that of storage modulus. It means that visco-
elastic properties of processed cheese with orthophosphates
differed from typical qualities of spreadable type of processed
cheese. These samples behaved rather like a fluid than like pro-
cessed cheese spreads with three-dimensional network. Model
samples manufactured with tetrasodium diphosphate (NazP;07)
had higher values of moduli compared to processed cheese with
orthophosphates (NazPO4 or NazHPQO4). The diphosphate gave
processed cheese desirable characteristics. Model processed cheese
containing sodium tripolyphosphate (NasP30ip) possessed the
highest values of both moduli; this sample proved to be the most
rigid one among all the others (P < 0.05). The application of sodium
polyphosphate (PoP) caused the formation of products less rigid
than the samples with sodium tripolyphosphate but substantially
firmer than the processed cheese with ortho- or diphosphates
(P < 0.05). Table 3 also shows the values of loss tangent. The smaller
is the value of loss tangent, the more elastic is the tested material.
The above mentioned results were also confirmed by data obtained
by application of Winter’s critical gel theory. The higher number of
phosphate groups contained the emulsifying salt molecule, the
higher increase of interaction factor and gel strength was observed.
This can be explained by the ability of phosphates to attach to the
protein molecules (especially via calcium bridges), i.e. the more
phosphate groups were present, the more groups could interact.
According to Lucey, Johnson, and Horne (2003 ), phosphates that are
associated with casein might act as cross-linking agents by bridging
(e. g via calcium) within or between casein molecules. The higher
gel strength can be explained by more interactions occurring in
samples.

The above mentioned rheological results obtained by analyses of
samples in Group I are presented in Fig. 1 as a graph which shows
the dependence of the complex modulus G* on frequency. As
apparent, the complex modulus increased in the whole tested
frequency range. This figure also illustrates that orthophosphate
was the least effective phosphate in the formation of processed
cheese network. Diphosphate and triphosphate followed the
orthophosphate values.

The effectiveness of various phosphates in formation of rigid
structure increased in the following order: orthophosphate
< polyphosphate < diphosphate < triphosphate. Hence, samples
manufactured with di- and triphosphates proved to be the most
rigid ones. This fact can be explained by their ability to support the
formation of three-dimensional network (Guinee et al, 2004).
Mizuno and Lucey (2005) claim that some types of phosphates,
especially diphosphates, can induce gelation or aggregation by the
formation of caseinate-Ca phosphate complexes under specific
conditions, even in dilute protein solutions. Diphosphates and
triphosphates can also strongly support fat emulsification (Awad,
Abdel-Hamid, El-Shabrawy, & Singh 2002). According to Rayan,
Kaldb, and Ernstrom (1980), poor emulsification results in soft
processed cheese, whereas well emulsified cheese shows the
highest firmness.

Furthermore, processed cheese with disodium dihydrogen
diphosphate (NagH;P;07) was prepared. However, this product
could not be subjected to rheological analyses because of crumble
consistency. Moreover, this emulsifying salt (alone) failed to give
stable emulsion; this sample exhibited water separation and oiling-
off. According to Marchesseau et al. (1997) and Mulsow et al.
(2007), low pH (4.8—5.2) usually yields short, crumbly and gran-
ular cheeses with high susceptibility to fat separation. The above
mentioned phenomena can be probably elucidated by very low pH
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Table 3

The values of storage modulus, loss modulus, loss tangent, gel strength and interaction factor for the reference frequency 1 Hz in tested processed cheese prepared with various

sodium salts of phosphates (Groups I and 11},

Group of cheese Phosphate G [Pa] G" [Pa] tan é [—] A [Pa:s1?] z

] NasPO4 11 =67 42 =132 3.792 41 =12° 1.22 = 0,02°
Na,HPO, 482 = 320 558 = 220 1.157 751 = 36° 1.99 = 0.01°
NayP,0; 955 + 6° 980 = 13° 1.026 1383 £ 3¢ 2.14 = 001°
NazH2P207 n® n n n n
NasPi010 1121 £ 8¢ 1232+ 2¢ 1.099 1682 = 7¢ 222 £ 0.01¢
PoP 886 = 22° 695 £ 17° 0784 1105 + 28° 2.40 + 0.02°

1 NasPO, 479 + 387 391 £ 6° 0816 616 = 447 2.05 +0.10°
Na,HPO,4 203 = 60 159 = 40" 0.783 231 = 74° 1.91 = 0.09°
NagP:07 657 = 19° 618 = 10° 0.942 898 = 17° 230+ 001°
NazHaP207 657 = 39° 685 = 329 1.043 963 = 48° 2.16 = 0,019
NasP301q 1650 = 1634 1097 = 54° 0,665 1955 + 1599 248 = 0,118
PoP 1435 = 53¢ 1012 = 1° 0.705 1720 + 46° 2.64 = 0.05

@ Storage modulus (G'), loss modulus (G"), gel strength (Ag) and interaction factor (z) are expressed as mean = standard deviation; tan § = G”/G'. Mean values within the
group having the same superscript letter in each column are not significantly different (P > 0.05). PoP — sodium polyphosphate; pH of model processed cheeses in Group Il was

adjusted by using an acid (HCl) or a base [NaOH).
1 — sample could not be measured.

value which is very close to isoelectric point of caseins and thus
attractions between proteins can lead to the increase of casein
aggregation. Hence, fat is not effectively emulsified and continuous
protein matrix is not formed in such processed cheese (Gupta,
Karahadian, & Lindsay, 1984).

3.2.3. Assessment of pH — processed cheese with pH adjustment

It is well known that pH value affects viscoelastic properties of
processed cheese (Lee & Klostermeyer, 2001). 5o, an experiment
with pH adjustment of cheese was realized. Just as in a study by
Shirashoji et al. (2006), pH was adjusted to 5.5—6.0 with respect to
common manufacturing conditions. The wide range of pH of model
samples prepared in Group Il was narrowed to 5.55-5.62 (see
Table 2).

3.2.4. Rheology — processed cheese with pH adjustment

Results for processed cheese in Group 1l obtained by rheological
measurement and by application of Winter's critical gel theory are
given in Table 3. Similar trends like in the previous group of cheese
were observed even when pH (factor affecting consistency of pro-
cessed cheese) was adjusted. Model samples with orthophosphate
showed the least firmness, processed cheese with diphosphates

10 F T

10T E

10 ¢ 3

Complex modulus (Pa)

10+, I | E

0.1 1 10
Frequency (Hz)

Fig. 1. Dependence of the complex modulus (G”) on frequency (f) for products in Group
1 containing various sodium salts of phosphates — Na;PO, (M), Na;HPO, [ w ), NayP,04
(A), NagP30, (%), PaP (O),

had higher values of storage and loss moduli and the most rigid
products were prepared with triphosphate.

Processed cheese manufactured with disodium dihydrogen
diphosphate (NazH>P;05) could be analysed after pH adjustment.
The increase of pH (to = 5.6) resulted in the formation of
a homogeneous three-dimensional network where water and fat
separation as well as protein aggregation were not observed
sensorially. As pH increased, protein molecules (carboxyl groups)
became negatively charged and attractions between pratein chains
decreased. These changes resulted in increase of casein hydration
and in formation of a more open reactive structure with higher
water-binding capability and better emulsifying properties (Guinee
et al., 2004; Marchesseau et al., 1997; Molins, 1991: p. 261). The
usage of both diphosphates (NasP20; and Na;HzP207) caused the
formation of model processed cheese with similar viscoelastic
properties (see Table 3). Generally, both diphosphates demon-
strated almost the same effidency in the formation of the pro-
cessed cheese structure.

3.3. Processed cheese containing the mixture of two sodium
phosphates

3.3.1. Assessment of pH — processed cheese without pH adjustment
The values of pH of samples manufactured with the addition of
two phosphates (PoP: NapHPO4 — Groups Ill, IV; PoP:NagP;07 —
Groups V, VI}) are given in Table 4. The pH of processed cheese
increased gradually with the decrease of polyphosphate content
and with the rise of orthophosphate or diphosphate amount in the
blend. Abdel-Hamid, EI-Shabrawy, Awad, and Singh (2000) report
the same trend of pH changes in processed cheese made with the

Table 4

The values of pH of model processed cheese manufactured with mixtures of two
sodium phosphates (PoP:NaxHPO4 — Croups Il and IV; PoP:NasP;07 — Groups V and
VIF.

Ratio of sodium Processed cheese group

phgsphates PoP:NasHPO4 PoP:NasP205

1 v v Vi
0:100 635001 578001 670=001 578001
25:75 633001 569+001 662=001 572001
50:50 597=001 580=001 620=001 549 =002
75:25 5732001 579+001 585=001 528001
100:0 554=001 574=001 551=001 543 =001

® Values of pH are expressed as mean = standard deviation. PoP — sodium pol-
yphosphate. Values of pH of model processed cheeses in Groups IV and VI were
adjusted by using an acid (HCl) or a base (NaOH).
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mixture of emulsifying salts composed of sodium polyphosphate
and sodium diphosphate {NasP207) in various ratios.

3.3.2. Rheology — processed cheese without pH adjustment

Results from rheological analysis of model cheeses in Groups Ill
and V are given in Table 5. The growing polyphosphate amount in
the blends of two phosphates caused firstly increase of elastic and
loss moduli (P < 0.05) and decrease of loss tangent values. It reflects
the increase of processed cheese elasticity. When the content of
polyphosphate in the blend achieved a specificlevel (usually = 50%
of polyphosphate in the blend), the values of both moduli started to
drop and the loss tangent began to increase. The dependence of
complex modulus on frequency applied to samples of processed
cheese in Group V containing the mixture of PoP and NasP,07 in
five different ratios, are presented in Fig. 2. It shows the initial
increase of rigidity, which is followed by the decline of firmness
caused by gradual increase of polyphosphate amount in the
mixture of two phosphates.

The initial increase of firmness and elasticity of samples could be
caused by the gradual hydrolysis of polyphosphate whose amount
increased in the mixture subsequently. Linear condensed phos-
phates undergo hydrolysis to various extents during processing
(melting) and storage of processed cheese (Guinee et al.,, 2004).
Hydrolysis of polyphosphates proceeds rapidly to give triphos-
phates and diphosphates, and then, more slowly, to form mono-
phosphates and it causes a significant hardening of processed
cheese (Guinee et al., 2004; Kapoor & Metzger, 2008; Mulsow et al.,
2007; Schir & Bosset, 2002). Products of hydrolysis, mainly
triphosphates, possess high ability to aggregate casein, which leads
to formation of a more rigid and elastic product (Guinee et al.,
2004; Mizuno & Lucey, 2005). Hence, the more polyphosphates in
the binary mixture, the higher number of triphosphates supporting
the cross-linking in processed cheese. Once the polyphosphate
amount in the mixture of two phosphates reaches a specific level,
the quantity of unhydrolysed polyphosphates or their longer
hydrolysed products can prevail aover the triphosphate or diphos-
phate levels. These unhydrolysed polyphosphates or their longer
hydrolysed products can bind calcium cations, which were

Table 5
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Complex modulus (Pa)

L 4 L
T 1 1

0.1 1 10
Frequency (Hz)

Fig. 2. Dependence of the complex modulus (G*) on frequency (f) for products in
Group V containing the mixture of two sodium salts of phosphates (PoP:NayP,05) in
five different ratios — 0:100 (M); 25:75 (C), 50:50 (A ), 75:25 (&), 100:0 (¥ ).

previously sequestrated by emulsifying salts too strongly. Ca®~ ions
play important role in the formation of stable products. A part of
these ions is released from emulsifying salts during cooling and
they can participate in formation of three-dimensional network.
The more calcium ions occur in melt, the more interactions in
three—dimensional network of processed cheese can take place
(Acharya & Mistry, 2007). However, polyphosphates exhibit very
high ability to sequester calcium (Guinee et al,, 2004; Kapoor &
Metzger, 2008; Mulsow et al., 2007). These cations are bound
very tightly to polyphosphates, which prevents them from cross-
linking, i.e. a product with lower number of interactions is formed
(Mulsow et al., 2007). This conclusion is supported by values of the
interaction factor in Table 5, which are lower in mixtures with the
prevalence of polyphosphates than in the mixtures containing the
same ratio of polyphosphate and orthophosphate or diphosphate.

The values of storage modulus, loss modulus, loss tangent, gel strength and interaction factor for the reference frequency 1 Hz in tested processed cheese with the mixture of
sodium salts of phosphates in various ratios (PoP:NazHPO4 — Groups 11l and 1V; PoP;NayP>07 — Groups V and VI)?,

Group of cheese Ratio of sodium phosphates G [Pa) G* |Pa] tand [-] Ag [Pa:s'?) z

1 0:100 302 = 62° 404 = 347 1339 522 =612 1.84 = 0.067
25:75 2888 = 316° 2065 + 117° 0715 3483 + 324° 2.81 + 0.08°
50:50 2185 £ 55° 1484 + 14° 0679 2595 & 57° 2,79+ 001°
75:25 1544 + 105° 1003 = 71° 0708 1850 = 1269 2,67 £001°
100:0 860 = 14° 716 = 21¢ 0832 1101 £ 24° 239+ 0014

v 0:100 61 =3 116 = 10° 1.900 126 = 14* 1.46 = 0.06°
25:75 1560 = 127° 1105 = 86° 0.708 1871 = 147° 271 £ 002°
50:50 2228 + 47° 1507 + 23° 0677 2639 = 58° 2.83 £ 001°
75:25 1394+ 79 981 = 69 0.704 1671 = 10° 263 + 0019
100:0 809 = 2¢ 671 =9 0.829 1041 = 3¢ 231 = 0068

% 0:100 1553 = 542 1571 =192 1.011 2231 = 56° 227+ 0013
25:75 3153 = 69° 2563 = §9° 0813 4019 £ 107° 2.62 £ 001"
50:50 4061 = 218° 2084 = 56° 0513 4474 + 225° 3.32 + 005°
75:25 3932 + 291° 2254 = 132° 0573 4424 + 304° 3.14 £ 0079
100:0 3302 + 158° 1889 = 90° 0572 3737 + 169° 3.03 £ 003°

vi 0:100 3072 + 1032 1741 + 457 0567 3432 + 1167 3.23 £ 001°
25:75 3553 + 52° 1940 + 27° 0546 3081 + 113" 3.27 + 0.06°
50:50 3868 + 127° 2068 = 76° 0535 4276 = 160° 3.31 = 003"
75:25 4532 + 2814 2283 = 799 0504 4947 + 2864 3.46 = 0.08°
100:0 2939 + 170° 1702 + 732 0579 3314 = 186" 3,10 = 0059

Values of pH of model processed cheeses in Group II were adjusted by using an acid (HCl) or a base (NaOH).
2 Storage modulus (G), loss medulus (G"), gel strength (Ag) and interaction factor (z) are expressed as mean = standard deviation; tan 4 = G"/G'. Mean values within the
group having the same superscript letter in each column are not significantly different (P > 0.05). PoP — sodium polyphosphate.
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3.3.3. Processed cheese with pH adjustment

The pH values of samples ranged from 5.69 to 5.80 in Group IV
and from 5.49 to 5.78 in Group VI after pH adjustment (see Table 4).

Rheological properties of processed cheese in Groups IV and VI
are given in Table 5. The dependence of viscoelastic properties of
processed cheese on the sodium polyphosphate content in the
mixture of two emulsifying salts showed a trend similar to the
tendency revealed in the model samples without pH adjustment.

It can be assumed that pH is not the most important factor
affecting viscoelastic properties of studied processed cheese. Hence,
these properties are influenced also by other aspects, for example by
the type of used emulsifying salt, the ratio of various phosphates in
phosphate blend, the degree of phosphate hydrolysis, the seques-
tering ability of different phosphates, etc. Moreover, various factors
can mutually influence each other. All these aspects should be
considered while evaluating the processed cheese consistency
(Guinee et al., 2004; Kapoor & Metzger, 2008; Mulsow et al., 2007).

4. Conclusion

The effect of different sodium phosphate emulsifying salts or
their mixtures on pH and viscoelastic properties of processed cheese
was investigated. Various phosphates affected the pH value of
samples and their viscoelastic properties significantly. Optimal pH
was found only in samples manufactured with sodium poly-
phosphate. Model processed cheese with disodium dihydrogen
diphosphate had very low pH values. The pH of processed cheese
increased due to the presence of various phosphates in the following
order: PoP < NagHPO4 < NasP30p < NagP307 < NazPO4. The softest
processed cheeses were manufactured using orthophosphates; the
application of polyphosphates caused the formation of firmer pro-
cessed cheese and the samples with diphosphate and triphosphate
proved to be the most rigid ones due to their highest ability to
support gelation in processed cheese matrix. The initial increase of
sample firmness and elasticity followed by their decrease was
related to increasing amount of sodium polyphosphate in tested
blends of two phosphates. Regarding viscoelastic properties of
model samples with individual phosphates or their blends, similar
trends were also demonstrated when pH of products was adjusted to
values aptimal for processed cheese. It can be concluded that this
chemical parameter is not the only and the most important factor
affecting processed cheese consistency. The consequent research
should be aimed more complexly at interactions of caseins with
phosphates in processed cheese matrix and on the phosphate
hydrolysis and its influence on processed cheese quality.
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