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Abstract: The change of total, plastic and elastic deformation and water activity (a*) of the bread crumb
during bread storage with bread yeast and two samples without bread yeast, in which, respectively, l/3 and
2/3 of quantity of water is replaced by beer yeast was investigated during storage for period of 72 hours. The

significant influence of beer yeast on deforntation characteristics of bread crumb was found. The influence of
beer yeast is not unidirectional. Small quantities improve deformation characteristics, while the largest
increase the density of the crumb, but it remain a long time without amendments. It was found that the

samples with beer yeast ltatte lower water activity of the crumb of these with bread yeast. The use of beer
yeast stabilizes the water activity in storage, while the sample with bread yeast, water activity gradually
decreased.
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BreeAeHIle

flpecyeauara u lupeuara vrafl ca npeAcraBureJrlr Ha poA Saccharomyces. Enpenura Mafl. vlv'a
ecrecrBeH opraHrrqeH [por43xoA u cua6axya rqroro c AonbnHr{TeJ]HH KoJII4tIecrBa BI4TaMI4HIT KbM xpaHara.
Buac.f, AonbnHHTenHo yMepeHr{ Ao BucoKlr KoJrurlecrBa MaKpoeJreMeHTvt kr MHKpoeJreMeHTI{ B opraHI,I3Ma, B

Aonr,JrHeHHe Ha xpaHara. BupeHara Mar{ e urzpoKo ri3noJr3BaHa B rrlrBoBapHara npoMl4rxJleHocr (www.bb-
team.org).

llo 6escnopeH HalruH e AoKa3aHo, qe crapeeHero Ha xns6a e cBT,p3aHo ocHoBHo c IIpoMeHIrre B

HrrurecreHara $parcqrzl (3nareea I., fp. Kapa4xoe, 2011). Brpxy crapeeHero ua xtx6a Blrul'flT xt4MlaqHla

unn $nzuuul4 npoMeHH.

Clope4 HsKor4 aBTopu eH3rrMr{Te o6uxuoseHo ce H3rroJr3Bar sa no4o6plBaHe Ha ae$opnaquoHHl4Te
xapaKrepucrr,rKu Ha xts6a H 3a yAbDr(aBaHe Ha cpoKa Ha cbxpaHenue (G6mbaro A., et a1.,2006). Bcuqrcu

xnApoKonovAt4 cbrrlo ca B cbcrorHLre Aa HaMrur.rrr zary6ara Ha BJrara no BpeMe Ha cbxpaHeHnero na x,rq6a
(Guarda A., et al., 2004). Cnope4 Salehifar H Ko,r. Ao6aercara ua 30 u 40 Yo oseceuo 6pauruo ce orpa3qBa Ha

4e$opnraquoHHrrre r.r crpyKTypHr4re xapaKrepncrl{Kr.r :rraxts6a (Salehifar M. and M. Shahedi,2007).
llpez 2014 Sasaki r43cJreABa BJrulrHrlrero Ha oplr3oBo 6paruuo Br'pxy crpyKTypara n crapeeHero Ha

nnrenuqen xng6. Heroeure v3cneABaHr{rr rroKzBBar, qe Ao6aexara Ha opu3oBo 6paruHo HaMiL[.lBa

peTporpaAarryrflTa Ha HHrrrecTeTo B HaquuHnrrT eTarr Ha cbxpaHeHue, Ho cneA ToBa UHTeH3LIBHOCTTa Ha TO3I4

rpoqec ce yBenuqaBa (Sasaki T., et al., 2014).
Maktouf u xo.n. lr3creABar BJrurHuero ua 6pauruo or npoco B pa3nl{qH}r KoJIXqecrBa Bbpxy

peororuqHnre ceoficrsa Ha recro H crpyKTypura Ha rr[reHnireH xrq6. kIzcile4Bannsra IroKzBBar, qe

orrrr4MzurHoro Ao6aeeHo KoJrr4rrecrBo (5 %) AoBexAa Ao yBeJrHqaBaHe Ha curara Ha recrolto (W) IE

eJracrlrrrHocrra 14 pa3TerJrr4Bocrra My (P/ L) c 3 7 o/o u 65 Yo croreerHo. CrpyKTypara u o6enaa sa xts6a
cbrrlo ce no4o6prnar (Maktouf S., et al., 20fq.
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Cnope4 3raresa BKJrroqBaHero Ha oBeceHr{ TpHIII{ B pellenryputa Ha rIilIeHHqeH x,rs6 eoAla Ao

Soprr,rrapaHe Ha rro-BHcoKa o6ula ruTpyeMa KnceJrlrHHocr, Koero ce orpa3flBa Iro3rrrLIBHo Bbpxy BpeMero 3a

c:L,xpaHeHue (3nareea .4., H. flontoreea, 20 | 4).
C rroKa3arerr BoAHa aKTHBHocr (a*) ce n3pa3fBa ceo6oAFlara eoAa, Kolro ce HaMlipa B

xpaHzTeJrHrzre rrpoAyKTu. Tq oxa3ea Bru-rrHr4e Bbpxy cpoKa Ha roAHocr Ha MHoto xpaHpl, KaKTo I'I Bbpxy

cra6nluocrra uM rro orHorxeHue pa3Bnruero Ha MIrKpoopraHI{3MIz (lI.rurarpor H., et al.,20ll, Pa4er P.,

f. lNnrurpon,2015).
B nrareparypara nuncBar q{,'rocrHr{ t43cJreABaHHq Bbpxy crapeeHero Ha Ir[IeHI4r{eu xlt6, npu KoI{To

BMecro ruraczqecKaral.rras e u3rror3BaHa 6upena uar. Ilopa4laroBa, Ilenra Ha Hacroquloro lr3cneABaHe e Aa

ce onpeAenu Br7tlflHvrcTo Ha pa3JrrrqHo KoJruqecreo 6upeua Maq Bbpxy ItMeHeHHero Ha 4eSopMaIrIioHHI4Te
xapaKTepucruxz (nlacrvrrHa, eJtacrvqHa Lr o6rqa 4e$oplraqur) 14 BoAHara aKTrrBHocr npll cbxpaHenue ua

x,rq6.

Marepna,rn Ir MeroAIr

llpo6ure xrr,s6 ca noJryqeHu sa 6asa rueHr{qHo 6palruo (500 g), rpecyBaHa vat (2,0 %) (Safmaya),

rorBapcKa con (1,5 Yo), xpucrastHa 3axap (3,0 oA), MaprapuH (3,0 %) (flyparoc ElnrapHr) r.r nurefiHa soAa

Ao HopMiurHa KoHcrrcreHqur, ycraHoBeHa Ha $apunorpa$ Brabender (feprraanur). ilocoqenu.rr peqenrypeH

cbcraB e sa 6a:a KoJrsqecrBoro Ha 6pauruoro nprdero sa 100 Yo. Tlli.ettu'tHoro 6paurHo e c relrerHo

cbAbp)r€Ht4e 0,5 +/ - 2 % z cneAHHTe $usuno-xumuqHu IroKa3arertL BJIara - 10,6 yo, KHceJIHHHocr -
2,2"H.

B HscreAeaHero ca onpe.4eJreHn xapaKTepr{crr4KnTe sa x,re6sara cpeAHHa Ha rp}l npo6u x,'u6:

KoHTponHa npo6a c [pecyBaHavras.v 4ee npo6u 6es npecyeaHaMas, trpll Kolrro, c:borBerHo, 113 u2l3 or
BoAara 3a 3aMecBaHe e 3aMeHeHa c 6upena lrax. llpu rflx KoJllrqecrBoro Ha BoAara 3a 3aMecBaHe e

Kopr.rtr4paHo, TaKa qe Aa ce noryqH Tecro c KoHcHcreHIIHiI aHaroll{qHa Ha KoHTpoJIHara npo6a. BupeHara

Ma.rr e .4ocraBeHa npflcHa or ,,KaMeHuIra AA" H e c KuceJInHHocr - 7,4 "H;
llpo6lrre xns6 ca iloryqeHn no gnySa-:eH MeroA Ha recroflputorBqHe Karo B l]bpBara Sa:a ca

H3froJr3BaHu 50 o/o or 6pauuoro, qsnoTo KorfiqecTBo npecyBaHa MIas. H 50 o/o or KoJIHqecTBoTo Ha BoAaTa.

Teuneparypa Ha MarHoro recro e 29-30 "C, u crsptra 60 min; Ao6asqr ce BcI4uKH ocraHtull4 KoMrIoHeHTH.

Teruneparypa Ha ruraBHoro recro e 30-33 oC, xoero cb3prBa 20 min. CreAea o$oprr,rxne Ha no.4oBo x,re6ue,

SepnreHruparlo oKoHlrareJrHo npu reMneparypa 35 oC sa 60 min. I4gnuqaHero ce ocbulecrzxza npu 220-

230 "C. llpo6rlre xrs6 ce cr,xpaHrBaxa orraKoBaHu e HafiroHonu rop6u npu craftHa reMreparypa (20 -
22"C).

,{e$opnaaquoHHuTe xapaKTepr4crr4Ku Ha x,re6uara cpeAHHa: o6rqa, eracrrr.rHa vr nJlacruqHa

4e$oplraqur ca o[peAeJreHr4 Ha aBToMarAqeH neHerpoMerbp qpe: Iloran-tHe Ha rrJlo c onpeAeJleHa lllaca 3a

onpeAeJreHo BpeMe u ce H3pa3flBal B ycJloBHr{ neHerpoMerplIqHl4 eAI4HLIITH (PU) (Baure:ror A., fp.
Kapa4xoe, 1993).

BogHara aKrr4BHocr, aw e H3MepeHa qpe3 eJreKrpoHeH ype.4 rlzn EP - 84 (Novasina, lllnefiqaprzl),
cbc ceH3opeu 6lon RTD - 42. Ypegrr e npeABapure:rHo r<anu6pupaH c HacureHl{ pa3rBopl4 sa coma. 3a

AoJrHara rpaHr{qa Ha o6xeara e u3ror3BaH NaCl (a." :0,753), a 3a ropHara KzSO+ (a*: 0,973).

Bnra.f,Frr4ero Ha Sarcropure e ycraHoBeHo qpe3 rrpoqeaypa ANOVA (4racnepcuoHeH auannz), a
pa3JrlrKr{Te Mex.qy cpe.qHr4Te croilHocrn ca onpeAeneura c Tukey's HSD naerol npu HI4Bo Ha AoBepI4e P:0,95.
BruqHuero Ha BpeMero 3a c:bxpaHeHr4e BT,pxy BoAHara aKTr4BHocr e onpeAeJleHo qpe3 tuueinta perpecuJl t4

F-npr,rreprzr Ha Ouurep, Karo e npoBepeHa xr4nore3ara (H0): xoe$I{IIpIeHTVTe npeA npoMeHJIHBI4Te ca

crarucruqecKu Hepa3rnrtuMa or iryla. llpe4craBqHero Ha pe3ynrarvre n BcI4qKla crutverrrrecxra o6pa6ornu
ca rz3BbprrreHu c ,,R: llporpanleH e3prK r4 pa:nofiua cpe.qa 3a crarncrurlecKa u MareMarurlecKa o6pa6orxa ua

gaHHH" (R Core Team, 2013).

Pesyrraru u o6crxAaue

BlusHuero Ha Bvr1a ua npo6ara Bbpxy Ae$opMaunoHHure xapaKrepl4crl4Kl{ Ha xns6a e ycraHoBeHo

caMocroqrerHo 6es Aa ce orqrlTa e$ercra Ha BpeMero 3a cr,xpaHeHue. CrrqecrByBa crarl4crullecKl4 3HaqI4Ma

Bpb3Ka Me)rqqy B:'z.gLa Ha npo6ara u 4eQopnraquoHHuTe xapaKrepl{crt4Kr Ha xts6a (Ta6luqa 1). Hafi-eucoxu
crofiHocru sa o6rqara u n,qacrr{qHara 4e$opl,ra\as :aMa npo6ara c 113 1upeHa Mas., cJIeABaHa or
KoHrponHara npo6a (K) z npo6 ara c 213 lupena n,taq. O6qara 4eQoprr,laqnr Ha KoHrpoJIHara npo6a u

npo6ara c Il3 6npena vras. ca crmucrvqecKu Hepa3Jru\rptMyt, a npn lnracrvuHara 4e$opuaqnt - KoHTpo,rHara

npo6a (K) u npo6ara c 213 6rEpeua Mafl ca Hepa3nnquMz. KoHrpo:rHara npo6a nr,r'alr'afi,-sucoKa eJlacruqHa

.qe$opl,raqur, a rro ro3u rroKa3areJr npo6nre c I13 u2l3 6upena Mat ca crarl4crliqecKll Hepa3,rl{qplMrl.
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Ta6nzrla 1. Cpe4nu crofisocrn H craHAaprHr.r orKJroHeHur (SD) Ha 4eSoptuallnoHHure xapaKTepucrttrr4 Ha

x,rq6 6es Ao6aeeHa 6upeua uar (K), c ll3 u c 213 6upena wan

llpo6a O6qa 4eQopnaaqur flnacru.rHa Ae(bopMallut EracrnrHa ge(bopNaaqur

Cpe4Ho SD Cpe4uo SD Cpe4no SD

K

v3

90,25a

101,42a

63,92b

37,96

27,4

18,25

77,l7ab

93,33a

57,42b

30,r7

25,77

17,67

13,08a

8,08b

6,50b

1)1

2,6r

1,93213

F:
df:
P:

6,32

2,33

0,00476

6,r9

z)5 J

0,00521

27,05

2,33

<0,001
* Cpeduunte cmoiluocmu ua de$opttatluoHHume xapaKmepucmurcu (no rcotouu), c eduarceu 6yxeu cned mflx, HflMqm

cmemucmltqecKa pa3rruK;t npu Huso ua doeepue P:0,95 (Tukey s HSD).

I4grueneunero Ha o6llara 4eSopnaqvfl. Ha cpernHara nppl cbxpaHeHue Ha xrq6 6es 6rapena lrar (K),

c 113 6upena Mafl v c 213 lupeua Mafl. e noK€BaHo na $arypa 1. Pe:ynrarvlTe ca cpeAHL croftuocru or 3

napurenHu u3MepBaHHs. Ilpo4uurcHTeJrHocrra Ha cr,xpaHeHplero BJIHse BT,pxy ae$opnlaqu-sra. O6ulara

4eSoplraqzx, clo6pa:Ho oqaKBaHu-sra, HaMalTqBa 11 ilprl Tplrre npo6rz xrr6, xaro npe3 Ilenlrtr Ir3MepBaH

neptioA Hafi-eucoKlr ca croftsocrprre Ha xts6a c 113 6upeuaMas, a Haft-HucrcH Irplr ro3l{ c 213 lupenawax.
Haua,renuero e nafi-ugpa3eHo u e npu6ru3uTeJrHo eAHaKBo za xts6a c 1.13 6upena naar (c J2 e!,ulauuet) u

KoHrpoJrHara npo6a (c 79 eauuu4u).

iq {i

*gg.*** u.lii *xx{lx**a*ec. }i

(Dur. 1. I4:lrenerure na o6ulara 4eQoplrauun Ha cpeArrHara nprr cbxpaHeHlte Ha x,rq6

Hafi-cla6o (c 44 egunuqn) ce rpoMeHrr 4e$oplraqrzflTa Ha npo6ara c 213 6upeaa Mas.llpu rasu
npo6a HalrirJrHara crofiuocr Ha 4e$oprr,raqu{Ta e nafi-Hr4crca, a pa3JluKara Me)KAy rIbJIHara 4e$opuaqul e

48-g u J2-g. qac e He3Har{}rMa, T.e. r4MaMe reHAeHIIIig KT,M 3alra3BaHe Ha nocro.gHHu crofinocru cneA 48 '{ac.
Or roea cJreABa, qe Bru-flHl{ero Ha 6upeuata Mafl He e eAHorloco.{Ho. Hncrure KoJlrrqecrna no4o6pxrar
xapaKTepucrrrKure Ha xlr6a, AoKaro BrzcoKure BoArr Ao rIo-TBr'pAa cpeAuHa, 3ana3Baqa

no-[poAbJDKure:rHo 4e$opuaqrEoHHvre cr.r xapaKTephcrt4Kn.
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@ur. 2.ll:N.reueH[q Ha rrJracrurrHara n e,'racruqHara 4eQoplrarlua na xle6sara cpeAHHa [o BpeMe Ha

cbxpaHeHr.re, n3pa3eHrr KaTo rrpoueHT or nbJrHaTa AeoopMaqnq

ZsldeHeHfl.sra Ha rrJracrlrqHara l.r eracrr4qHara 4eSopuar\us, B xoAa Ha cr,xpaHeHne ca rlocor{eHu

Karo rrpoqeHru or o6ulara ge$opnraqr,rr Ha xJre6Hara cpeArzHa ($rar. 2). CrofiHocrure ao 100% noKa3Bar

eracruqHara 4e$opnaaqrax. flpe: qennqr rreprroA Ha cbxpaHeHne A{nbr Ha rracrutlHara 4e$opMatluq
HaM€urrBa 3a cMerxa Ha etracruqHura v npu Tpvre x,rq6a. Hafi-cr,rqecrBeHo e v3MeHeHliero ntex,Ay 3 u
24 uac, cneA Koero npu rpo6ure c 6upeHa Mar rrJracrnqHara ge$opv,a\us, ce n3MeH-fl He3HaqI4TerHo, AoKaro
npr.i re3r4 6e: 6upena Maq ce rroHrDKaBa cbilIecrBeHo. O6rqoro r{3MeHeHne Ha IrJlacrnttHara ge$opMallHt e

3 ,10 yo MexAy 3 u 24 uac u 5 ,36 Yo za \eilus, ocraHurn nepHoA sa xn.f,6oeere 6es 6rEpeu a Mafl. Ilpr.r zurr6a c
113 lupeua Ma.r rroHtDKeHrrero Ha ruracrr{qHara 4eSopMaIIHq e 2,75 %o lo 24-s uac u 2,07 o/o za ocraumus.
nepr{o.4, a npH x,rq6a c 213 6upena v'afl e 5,21 o/o rc 24-x Hae vI 2,09 yo Me)KIy 3-s Ao J2-q'aac or
cbxpaHeHHeTo.

Cpe4nara [poqeHTHa crofisocr Ha rrJracrr,rqHara 4e$opMarlprs 3a uenl{tr nepl4oA Ha cbxpaHeHr{ero

3aBncv or Br.rAa na npo6ara (F:4,27; dF2,9; P:0,0498) u e :rrait-vucoKa rlpu xts6a c ll3 6npena Mafl
(90,85 oh, SD:2,1), cJreABaHa or xrq6a c 213 6upeua uax (87,80 o/o, SD:3,19) n Hafi-HucKa rIpH xls6a 6e:
6upeua uar (84,48 Yo, SD:3,74). He ce Ha6moAasa 3HaqvMa pa3nr{Ka Me)KAy cpeAHhre crofiHocru npu
x,r.s6osere c 6npeua ruar (P:0,381), 4onaro pa3JrhKara Me)rAy KoHrpo:rHara npo6a ut npo6ara c 113 6upeua
Mafl e cT,ulecrBeHa (P:0,041). Bcuqxo roBa rroKzl3Ba, qe rr3rroJr3BaHero ua 6upeua Mas, 3a nonyuasn""to *tu

x,rq6 eoAu Ao no-BracoKa nJracrlrqHa 4e$oprr,rar\Hs. Ha cpeArzHara r,r noAAbpxa rasla Ae$opMaIIH.l 3a flo-
npoAbJDKr{TeneH rrepr4oA oT BpeMe.
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(Dur.3. I4:Menenuq Br,B BoAHara aKTr{BHocr Ha cpeAunara rlprl cbxpaHeHue na x,rq6

ESexrur Ha cr,xpaHeHr4ero Bbpxy BoAHara aKTlrBHocr e rroKa3aH Ha Sur. 3. Hafi-eucoKa e BoAHara

aKTr,rBHocr npu KoHTpoJrHara npo6a, cneABaHa or npo6ara c Il3 6upeua vrafl. v nail-nscxa npu rasu c 213
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'upeua 
naa'{. B xoAa Ha cbxpaHeH'ero e ycraHoBeHo crar'cruqecKr{ 3HaqI4Mo HaMiureHrze Ha BoAHara

aKrI4BHocr npH KoHrponHara npo6a (F=165,3; dFl,3; P:0,001). Ilunefisara Koperrarlq.r noKa3Ba
crarl{crulleoKH He3HaqI'{MO HapacrBaHe Ha BOIHara aKTHBHOCT npra npo6ara c ll3 (F:6,6 15; dF1,3;
P:0,0824) u2l3 (F:3,37; dtl,3;P=0,1637) 6upena Mar, r.e. BoAHara aKrr.rBHocr ce 3arra3Ba rrocrorHHa.

CreAosareruo 4o6aelHero Ha 6upeua uras, craluriuglpa croftHocrure Ha BoAHara aKTr,rBHocr npv
cr,xpaHeHve saxns6a.

3arc.lroqenue

Yc:ranoseHo e 3HarII{Mo BJrrIrIHr4e Ha 6upenara Milr Blpxy AeOopMarIr4oHHHre
xapaKTepI'IcrI4KpI Ha roroBLIlI Xrx6 npu cbxpaHeHrle, cpaBHeHo c npecyBalutaMas..

Bnra-flHlaero ua lupeuata MarI He e eAHorrocorrHo. Ma,rxure Konr4qecrBa uo4o6pxnar
ge(foprvraquoHHl'ITe xapaxrepl4cruIKuI, AoKaro rro-roJreMnre yBeJruqaBar rrJrbrHocrra Ha cperpr*ara,
HO r 3ilfra3Bar rro-[poAbJDKr4TeJrHO BpeMe 6eg prgMenenu_s.

YcranoeeHo e, qe npo6ure xns6 c 6zpena .v,as. vrMat rro-HrrcKa BoAHa aKTprBHocr Ha
cpeAl'IHara or re3l4 c npecyBaHa. l{guo:rgsaHero na 6upena rv.as cralutrsvpa BoAHara a1TprBHocr
rIpI{ cBxpaHeHl4e, .{oKaro rIpI{ xls6a c [pecyBaHa Ma.s. BoAHara aKTurBHocr rrocrerreHHo ce
fIOHI4XABA.
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