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Predkladam tuto praci na Vysoké skole chemicko-technologické v Praze jako praci habilitacni.

Predkladanda prace s ndzvem ,,Polysacharidy obilovin ve vyZivé a technologii je ¢lenéna na
kapitoly uvadéjici prehled a vlastnosti potravinarsky vyznamnych polysacharidli a
oligosacharid(. Na zakladé vlastnosti polysacharidu a oligosacharidll jsou voleny postupy jejich
identifikace a stanoveni. V fadé pripad( je tfeba pred vlastnim stanovenim polysacharid( a
oligosacharid( vyuzit extrakéni a purifikaéni postupy. Dale je v praci uveden vyznam
polysacharid( a oligosacharid( ve vyZivé a jejich vliv na lidské zdravi. V dalsi ¢asti prace jsou
shrnuty vyzivové aspekty obilovin se zaméfenim na obsah Skrobu, neSkrobovych
polysacharidi a oligosacharidi v souvislosti s postupy jejich primarniho a sekunddarniho
zpracovani. Jsou uvedeny vyznamné technologické kroky, které mohou vést k vyrobé potravin
s vyssi technologickou, vyZivovou a senzorickou kvalitou.

Obiloviny jsou vyznamnym zdrojem Skrobu, jako vyznamné energetické Ziviny, ale také
vlakniny. Diky zasadni zméné Zivotniho stylu v poslednich desetiletich se zménil tradi¢ni
pohled na obiloviny a jejich roli ve vyzivé. Je kladen dlraz na snizeni energetické hodnoty
produktll, kterd byla v minulosti zdkladnim pfinosem obilovin v lidské vyZivé. Soucasné je
vénovana pozornost zvySeni obsahu a biologické vyuZitelnosti vyzZivové vyznamnych slozek
obalovych a podobalovych vrstev, které byly z obilovin ve standardnich postupech zpracovani
odstrafiovany z valné ¢asti jako vedlejsi produkt ve formé otrub. PFi zpracovani obilovin se
uplatiiuji jak moderni a zcela netradi¢ni technologické postupy primarniho i sekundarniho
zpracovani obilovin, tak i postupy velmi staré. Tyto staro-nové postupy jsou ale vedeny se
soucasnou znalosti biochemické a fyzikalné-chemické podstaty obilovin.

V predkladané préci uvadim vyznam vybranych polysacharid( a oligosacharidli ve vyzivé,
konkrétni postupy jejich stanoveni a izolace z riznych potravinarskych material( za ucelem
ovéreni jejich kvality nebo jejich dalSiho vyuZiti v potravinarstvi. Navrhla jsem a ovéfila
moznosti, jak docilit zvySeni vyzivové zpracovdvanych obilovin a jejich vyrobk(, jak uplatnit
(aplikovat) nové technologické postupy vedouci k vyvoji vyrobkt s pfijatelnymi vlastnostmi po
strance senzorické, vyzivové i mikrobiologické.

V habilita¢ni praci jsem vychazela z poznatk(Q z literatury, z vlastnich experimentalnich
zkuSenosti, z prispévkid na konferencich a publikovanych ¢lank, u kterych jsem autorkou nebo
spoluautorkou. Dale jsem vyuzila informace z bakalarskych a diplomovych praci, kde jsem byla
vedena jako vedouci prace a jedné disertacni prace, kde jsem pUsobila jako Skolitel specialista.
Odkazy na ¢lanky, které jsou zpracovany v textu, jsou uvedeny v seznamu citované literatury.
V priloze jsou moje vybrané publikace souvisejici s tématikou habilitacni prace.
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1 POLYSACHARIDY A OLIGOSACHARIDY V POTRAVINACH

1.1 Charakteristika sacharidli v potravinach

Sacharidy patfi spolecné s proteiny a lipidy mezi zakladni energetické Ziviny (Stone a Morell,
2009; Panek et al., 2002; Velisek a Hajslova, 1999). Z hlediska vyZivy jsou jednim ze tfi hlavnich
zdrojli energie pfijimanych v potravé a na rozdil od proteint a lipidG nemaji z tohoto hlediska
jiné vyznamné funkce (neobsahuji esencidlni vyZivové faktory). V potravindch ale také
vyznamné ovliviuji jejich vzhled, texturu, barvu, chut, nebo trvanlivost. V posledni dobé stale
vice narusta zdjem o neskrobové polysacharidy, vldakninu a jeji slozky, a jejich vyznam ve vyZivé
a dopad na lidské zdravi zejména v souvislosti se stfevni mikrobiotou (Lam a Cheung, 2013;
Champ, 2008; Venema et al., 2007).

Sacharidy muazeme struéné definovat jako polyhydroxyaldehydy, polyhydroxyketony,
alkoholy, kyseliny a jejich derivaty. Diky funkénim skupindm (-OH hydroxylové, -CHO
aldehydické nebo C=0 ketonické) jsou sacharidy znaéné reaktivni (reakce neenzymového
hnédnuti).

V pfirodé se sacharidy tvofi v bunkdch autotrofnich organismi fotosyntézou. Pletiva
rostlinnych bunék jsou sloZena prevainé ze sacharidd (80-95 % susiny), Zivocisné burnky
obsahuji sacharidy v nizkém mnoiZstvi. Vedle rostlinnych a Zivocisnych sacharid( jsou
vyznamné i fungdlni sacharidy (vyssi a nizsi houby) a mikrobidlni sacharidy (sacharidy jako
soucast bunécnych stén kvasinek a bakterii nebo jako produkty mikrobidlni Cinnosti -
exopolysacharidy). Sacharidy potravy lze rozdélit podle zdroje, podle funkce (zasobni nebo stavebni)
a podle vlastnosti/uéinkl (vyuZitelné, nevyuZitelné, biologicky aktivni - pusobici jako
imunonomoduldtory, prebiotika, ovliviujici glykemii, tvofici ¢ast funkénich sloZzek nukleovych kyselin,
vitaminU, hormont, glykoproteint, koenzymu apod.).

Sacharidy je mozné klasifikovat podle rtznych kritérii, podle délky polymerniho retézce, podle
technologickych vlastnosti, podle fyziologickych vlastnosti apod. Sacharidy mohou byt
klasifikovany podle jejich molekulové hmotnosti nebo stupné polymerizace (DP), tj. podle
poctu spojenych monosacharidovych jednotek, na monosacharidy, oligosacharidy nebo
polysacharidy. Dalsi mozné déleni sacharidi podle poctu jednotek je rozdéleni na cukry
jednoduché (monosacharidy a disacharidy) a sacharidy slozité (vy$si oligosacharidy a
polysacharidy). Zvlastni skupinu sacharid( tvofi sacharidy komplexni neboli konjugované, kde
jsou molekuly sacharidd navazany na dalsi molekuly, jako jsou lipidy, proteiny nebo peptidy.

Predkladana prace je zamérena na vlastnosti a prehled potravinafsky vyznamnych
polysacharid(l a oligosacharidd, jejich identifikaci a stanoveni. Detailnéji budou zminény
polysacharidy obilovin, jejich funkce a vyznam ve vyZivé a bude posouzen vliv technologického
zpracovani na obsah a vlastnosti vybranych polysacharid(i potravin.



1.2 Fyzikalné chemické vlastnosti polysacharidd potravin

Polysacharidy jsou sloZeny z desitek az tisic stejnych (homopolysacharidy — Skrob, celulosa,
dextran) nebo rlznych monosacharidd (heteropolysacharidy — hemicelulosy, pektin), ale
presny pocet jejich stavebnich jednotek nemusi byt vidy uréen (Stone a Morell, 2009; Velisek
a Hajslova, 1999). Polysacharidy se mezi sebou lisi svoji strukturou (monosacharidovym
sloZzenim, typem glykosidové vazby, molekulovou hmotnosti, stupném polymerizace, délkou
fetézce a stupném vétveni, pritomnosti funkénich skupin) a fyziologickymi Gcinky (Skrob a
neskrobové polysacharidy, Skrob a vldknina).

Ze struktury polysacharidl vyplyvaji jejich fyzikalni vlastnosti, jako je rozpustnost ve vodeé,
viskozita, schopnost tvofit suspenze, gely, komplexy apod. V pfitomnosti hydrolytickych
enzymu nebo kyselin dochazi ke stépeni polysacharidd na molekuly s kratSim retézcem.

RozliSujeme polysacharidy kyselé obsahujici karboxylové skupiny (pektin, alginaty) nebo
sulfonové skupiny (karagenany) a polysacharidy neutrdlni (celulosa, galaktomannany).
Polysacharidy mohou byt linedrni (celulosa) nebo vétvené (arabinoxylany). Nejrozsitené;jsi
jsou v pfirodé homopolymery D-glukosy (glukany). Polysacharidy jsou vétSinou nerozpustné
ve studené vodé, z nékterych lze v horké vodé pfripravit koloidni roztoky nebo gely. Ve vodé
rozpustné polysacharidy zvysuji viskozitu potravin, nékteré vytvari gely a mohou byt tedy
pouZity jako pridatné latky potravin (gelotvorné prostiedky, plnidla, zahustovadla a
stabilizatory pén a emulzi apod.).

Rozpustnost polysacharid( zavisi na jejich chemické strukture (sloZeni, stupen polymerizace,
typ glykosidové vazby, povaha funkénich skupin, typ postranniho retézce), koncentraci a
vzajemnych interakcich s ostatnimi slozkami, a na podminkdach prostiedi (teplota, tlak, pH,
doba, typ a pomér rozpoustédla, zplsob michani apod.) (Whistler a BeMiller, 1997).
Vyznamnymi vlastnostmi ve vodé rozpustnych nebo bobtnavych polysacharid(i (hydrokoloid()
je schopnost vazat a zadrzovat vodu, v tomto pripadé zavisi vazebné schopnosti na poméru
hydrofilnich a hydrofobnich ¢asti molekuly polysacharidu, poméru amorfni a (semi)krystalické
formy polysacharidu, velikosti ¢astic (distribuci velikosti ¢astic) a mikroporozité materidlu.
Reologické vlastnosti polysacharidl jsou ddany jejich chemickou strukturou, stupném
polymerizace, koncentraci, obsahem vody, inter- a intramolekularnimiinterakcemi s ostatnimi
slozkami (ionty, proteiny, sacharosa). Vliv maji samozifejmé také teplota, doba a pH.

Primarni strukturu polysacharidi urcuje konfigurace monosacharidli a jejich poradi
v sacharidovém fetézci (Copikova, 1997). Typ glykosidové vazby a jejich vzdjemné vazebné
Uhly urcuji sekundarni strukturu polysacharidu. Sekundarni struktura urcuje terciarni struktury
polysacharid. Nadmolekuldrni entity typu Skrobovych zrn popisujeme na urovni kvarternich
struktur.

Prvnim krokem pfi studiu polysacharidl je jejich izolace z homogenizovaného materialu.
Extrakéni podminky se lisi podle rozpustnosti polysacharid( a pevnosti vazeb v jejich strukture.
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K extrakci se pouZivaji vodné roztoky s hodnotou pH v Sirokém rozsahu, s riznou iontovou
silou. Extrakce muizZe probihat za laboratorni teploty nebo pfti vysSich teplotach, extrakce
obvykle byva opakovand, mize probihat pod zpétnym chladi¢em apod.

Vhodnym zpUsobem (sraZzenim nebo enzymovou Upravou) je tfeba odstranit jiné
vysokomolekuldrni latky (napfiklad proteiny) z extraktu. Zextraktd mohou byt poté
odstrafiovany nizkomolekularni latky rdznymi zplsoby, napfiklad gelovou permeacni
chromatografii nebo dialyzou. Z purifikovaného extraktu mohou byt poté polysacharidy
separovany naptiklad odstfedovanim, filtraci nebo srdzenim, nejcastéji etanolem. Pro ovéreni
Cistoty extraktu polysacharidu se pouzivaji spektrdlni metody (FT-IR, infracervena
spektrometrie s Fourierovou transformaci; NMR, nukledrni magnetickd rezonance).

Skrob je moZno extrahovat vodou pii zvy$ené teploté, pektin je extrahovan obvykle zfedénou
kyselinou chlorovodikovou pfi pH 1,5 nebo v mirné alkalickém prostifedi nebo také za pridavku
kyseliny etylendiamintetraoctové. Hemicelulosy a celulosa se extrahuji v silné kyselém nebo
alkalickém prostredi, coz vlastné vede k jejich ¢aste¢né hydrolyze. Pfi extrakci polysacharid(i
se také pouziva ¢asteéna enzymova hydrolyza. Kombinovand extrakce kyselymi a alkalickymi
roztoky nebo enzymova hydrolyza se pouzivaji pfi stanoveni rozpustné a nerozpustné vlakniny
(viz kapitola Metody stanoveni vlakniny).

Dalezitym krokem byvda pfi studiu polysacharidl stanoveni jejich molekulové hmotnosti,
urcuje se bud hmotnostni stied nebo Ciselny stfed pomoci gelové permeacni chromatografie
nebo viskozitnim mérenim. Gelovd permeacni chromatografie musi byt ktomu ucelu
vybavena specidlnimi detektory, jako je napfiklad viskozitni detektor nebo detektor pracujici
na principu rozptylu svétla.

SloZeni polysacharid(i se stanovuje po jejich totalni kyselé, enzymové nebo kombinované
hydrolyze. Jednotlivé uvolnéné cukry jsou pak stanoveny kapalinovou nebo plynovou
chromatografii, nebo spektrofotometricky. Ke stanoveni typu vazby nebo poméru vazeb
v molekule polysacharidu se pouziva zejména tzv. metylaéni analyza. Pfi studiu struktury
sacharid( nachazi uplatnéni NMR spektroskopie jak *H tak 3C uspofadéni. Z posund signald
NMR spekter je mozné identifikovat jednotlivé monosacharidové jednotky, typy glykosidovych
vazeb a jejich polohu, konformaci jednotek a zplGsob vétveni polysacharidu.

Pti analyze polysacharid(i (ke sledovani fyzikalné-chemickych vlastnosti nebo k pozorovani
mikrostruktury) Ize vyuzit i metody termické analyzy mikroskopické pozorovani (opticky nebo
elektronovy mikroskop) a dalsi.



1.3 Prehled potravinarsky vyznamnych polysacharidu

Polysacharidy v rostlindch maji stavebni funkci (celulosa, hemicelulosy, pektin, karagenany,
galaktomannany) nebo slouZi rostlinam jako zdsobdrna energie (Skrob, fruktany) (Whistler a
BeMiller, 1997). Zivoci$né polysacharidy sloui také jako zasoba energie (glykogen), maiji
vyznamné biologické funkce (hyaluronova kyselina, heparin, chondroitin a chondroitinsulfat),
nebo jsou soucasti ZivociSnych skeletll (chitin) (Kurita, 1998). Mikrobidlni polysacharidy
mohou byt soucasti bunécnych stén kvasinek [B-glukany s vazbami (1,3) a (1,6)] nebo bakterii
[cyklické B-glukany svazbami (1,2)] nebo jsou uvoliovany do vnéjSiho prostredi
(polysacharidy xanthan, dextran a bakteridlni levan). Bunééné stény vysSich hub a morskych
fas jsou zdrojem naptiklad B-(1,3),(1,6)-p-glukan(i nebo tzv. laminaran( nebo fukoidan( [jednd
se vétSinou o linedrni B-glukany spojené vazbami (1,3)] (Ponce et al., 2003; Griin, 2003).
Polysacharidy s biologickymi funkcemi se nachdzi zejména v cytoplazmé, zasobni
polysacharidy jsou uloZeny v plastidech, zatimco neskrobové polysacharidy ve vakuoldch
buriky.

Skrob

Skrob je z hlediska lidské vyZivy nejvyznamnéjsim polysacharidem a nejvice zastoupenou
slozkou vSech obilovin, pseudoobilovin, brambor a dalSich vice ¢ méné vyznamnych
rostlinnych surovin (lusténiny, bataty apod.) (VeliSek a Hajslova, 1999). Tvoti zasobu chemické
energie, kterou Ize uvolnit jeho odbouravanim.

V pfirodé se vyskytuje ve formé skrobovych zrn uloZzenych v cytoplazmé bunék semen, kofend,
hliz a listh (VeliSek, 1999). VétsSina nativnich Skrobu je smési amylosy a amylopektinu, dvou
makromolekularnich slozek tvorenych molekulami a-b-glukopyranosy. Vyskytuji se obvykle
v hmotnostnim poméru 1:3. Pomérné zastoupeni obou polysacharidd viak muze u skrob(
z rlznych druh( rostlin zna¢né kolisat.

Vétsina nativnich obilnych skrobl obsahuje 20-25 % amylosy a 75-80 % amylopektinu. Jsou
vsak znamy specidlné vyslechténé odridy s vysokym obsahem amylosy nebo amylopektinu.
U jeCmene nebo kukufice jsou zndmé a v potravinarstvi pouzivané odridy s waxy typem
Skroby (pfevazuje frakce amylopektinu, obsah amylosy se pohybuje 0-5 %) nebo odrldy
s vysokoamylosovym typem Skrobu (obsah amylosy byvd 60-70 %). Tyto Skroby vykazuji
odlisné fyzikalni vlastnosti a reologické chovani.

Amylosa se skldda z nevétveného retézce molekul glukosy, které jsou spojeny vazbami a-(1,4).
Diky témto vazbam vytvari molekula amylosy levotocivou nebo pravotocivou jednochodou
nebo dvojchodou Sroubovici. Amylosa je rozpustna ve vodé. Molekulova hmotnost amylosy
se pohybuje v rozmezi 10°>-108 g/mol. Amylopektin ma vétvenou strukturu, kromé vazeb a-1,4
obsahuje i vazby a-(1,6). Amylopektin se ve vodé nerozpousti a jeho molekulovd hmotnost
muUZe dosahovat aZz 107-10% g/mol. Je potfeba zminit, Ze pfechod mezi obéma slozkami skrobu
je pozvolny a striktni vymezeni obou frakci je zjednodusené.



Modifikované sSkroby

Na trhu je Sirokd nabidka modifikovanych skrobl (chemicka, termicka, enzymova modifikace
nativniho Skrobu) specidlné vyrabénych podle poZzadovanych funkcnich vlastnosti (Whistler a
BeMiller, 1997). Pfidavek modifikovanych Skrobd miiZze vyznamné ovliviiovat reologické
vlastnosti tésta a vyslednou strukturu a starnuti nejen pekarskych vyrobkd.

Hlavnimi zastupci modifikovanych Skrobl pouZivanych v ceredlni technologii jako pfidatné
latky nebo slozky bezlepkovych vyrobki jsou oxidovany skrob pouZivany jako zahustovadlo a
stabilizator (zlepseni vaznosti tésta) a substituované skroby (etery, estery, zesiténé Skroby)
(oktenylsukcinat, hydroxypropyl skrob a dalsi).

Celulosa

Celulosa je nejvyznamnéjsi a nejrozsirenéjsi organickou slouceninou biosféry (Whistler a
BeMiller, 1997). Radi se mezi stavebni polysacharidy, spolu s ligninem, hemicelulosami a
pektinem vyztuzuje a zpevnuje pletiva rostlin, bunécné stény fas, hub a mnohych
mikroorganismu a i tkané nékterych Zivocichl (napfiklad plasténcd). Dodava jim pevnost a
elasticitu, chrani buriky pred mechanickym poskozenim a zdroven brani pronikani vihkosti a
nezadoucich mikroorganismd (Vodrazka et al., 1996). Jeji vlaknité (celulosova vldkna -
mikrofibrily), linedrni, ve vodé nerozpustné fetézce jsou tvoreny 1400 az 10000 jednotkami b-
glukosy spojenymi vazbou -(1,4).

Modifikované celulosy

Nejcastéji vyuzivané derivaty celulosy jsou metylcelulosa (MC), karboxymetylcelulosa (CMC) a
hydroxypropylmetylcelulosa (HPMC) (Hoefler, 2004). Slouzi jako vyznamné pridatné latky
pekafskych a cukrafskych vyrobkl a jako nahrada lepku v bezlepkovych vyrobcich. Casto jsou
pouzivany v technologii kombinace hydrokoloidl, napfiklad HPMC a xanthan nebo tarra guma
apod. s ucinnosti pfi velmi nizkych mnoiZstvich. Zdravotni ucinky konzumace HPMC jsou
uvedeny v Nafizeni Komise EU ¢. 432/2012. ,Konzumace (hydroxypropyl)metylcelulosy
s jidlem pfispiva k omezeni narlstu hladiny glukosy v krvi po tomto jidle. Tvrzeni smi byt
pouZito pouze u potravin, které obsahuji 4 g HPMC v kvantifikované porci jakozto soucasti
jidla. Aby bylo moZné tvrzeni pouzit, musi byt spotfebitel informovan, Ze pfiznivého Ucinku se
dosdhne konzumaci 4 g HPMC jakoZzto soucdsti jidla. Je tfeba varovat pred udusenim, které
hrozi osobam s polykacimi obtizemi nebo pfi zapiti neodpovidajicim mnoZstvim tekutin®.
»(Hydroxypropyl)metylcelulosa pfispiva k udrzeni normalni hladiny cholesterolu v krvi. Tvrzeni
smi byt pouZito pouze u potravin, které poskytuji pfivod 5 g HPMC denné. Aby bylo mozné
tvrzeni pouzit, musi byt spotfebitel informovan, Ze pfiznivého Ucinku se dosahne pfi pfivodu
5 g HPMC denné”.

Hemicelulosy

Stavebni material rostlin vznikd spojenim nékolika paralelné usporadanych celulosovych
fetézcl stabilizovanych vodikovymi vazbami, pficemz tmel mezi nimi vytvareji hemicelulosy.
Obsahuji jako stavebni jednotky rlizné monosacharidy (p-xylosu, p-galaktosu, L-arabinosu, D-



glukosu) a uronové kyseliny. Prikladem hemicelulos jsou xylany, xyloglukany, B-glukany,
arabinoxylany, mannany a galaktany (VeliSek a Hajslova, 1999).

Xylany jsou obsazené hlavné ve drevé a ve slamé. Xyloglukany jsou dominantnimi
hemicelulosami bunécénych stén ovoce, vétsiny zelenin, okopanin a lusténin. Polysacharidy
nazyvané B-glukany se nachdzeji v bunécnych sténach vyssich rostlin, morskych fas, hub
i mikroorganism(. Ve vétSim mnoiZstvi jsou B-glukany se smiSenymi vazbami v semenech
nékterych obilovin (je€men a oves). Mannany jsou rozsifené v Cetnych druzich drev a
skorapkach nékterych orechl, arabinomannany se vyskytuji v obilovinach a galaktany jsou
v obalovych vrstvach zrn a semen. Arabinoxylany, starSi ndzev pentosany, jsou dilezitymi
slozkami nékterych obilovin, napfiklad pSenice a zejména Zita.

Fruktany

Fruktany jsou nevyuzZitelné zdsobni sacharidy s vazbami B-(1,2) (Stone a Morell, 2009).
Zdrojem fruktan( jsou cibule, ¢esnek, porek, artycoky, chrest, hlizy topinamburu, koren
¢ekanky, obiloviny, lusténiny, zeli, brokolice, pistacie a dalsi ofechy, nékteré druhy ovoce
(merunky, Svestky) apod. Fruktany se od sebe lisi strukturou a molekulovou hmotnosti a
mohou byt rozdéleny do tfi skupin na inuliny, levany a fruktany s vétvenou strukturou.
V nékterych literarnich zdrojich jsou klasifikovany fruktany (inuliny a fruktooligosacharidy,
FOS) jako oligosacharidy, zatimco v jiné literatufe se fadi mezi polysacharidy.

Fruktany pasobi jako prebiotika, podporuji rist bifidobakterii v tlustém stfevé. Bifidobakterie
fermentuji fruktany na mastné kyseliny s kratkym fetézcem (octova, propionovéd a maselnd
kyselina), které maji pozitivni vliv napfiklad na metabolismus lipid(, snizuji pH v tlustém stfevé
apod.

Fruktany s kratkym retézcem maji sladkou chut, tvofi slozky pfirodnich nizkokalorickych
sladidel. Fruktany s dlouhym fetézcem jsou chutové neutrdlni a vytvareji emulze se strukturou
podobnou tuklim (mohou slouZit jako tzv. fat mimetics, neboli ndhrady tuka).

Guarova a lokustova guma

Vedle skrobu a fruktand jsou zasobnimi polysacharidy nékterych semen heteromannany
(Velisek a Hajslova, 1999). Jejich retézec je tvoren jednotkami b-mannosy spojenymi vazbami
B-(1,4) a na nékteré z mannosovych jednotek je vdzana a-D-galaktosa. Tyto heteromannany
se nazyvaji galaktomannany a vyznamnymi zastupci jsou guarova a lokustova guma, které
nalezly pouZiti jako potravinarské hydrokoloidy (latky upravujici texturu potraviny, latky s
funkci zahustovadel a stabilizator( disperzi). Jsou to neutrdlni polysacharidy, které vytvari
viskdzni roztoky. Samotné gumy gely netvofi, ale Ize je kombinovat s xanthanem, karagenany,
Skroby apod. za tvorby stabilnich a pevnych gell. Pomér galaktosy k mannose je u guarové
mouky 1:2, zatimco u lokustové gumy je pomér 1:4.

Guarovd guma (guar) je mouka z endospermu semen bobovité rostliny Cyamopsis
tetragonolobus péstované v teplych oblastech (hlavné Indie a USA). Guar patfi mezi nejcastéji
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pouzivané hydrokoloidy v bezlepkovém pecivu (jako nahrada lepkové struktury). P¥i
oznacovani potravin s obsahem guarové gumy je mozné vyuzit zdravotni tvrzeni a podminky
jeho pouzivani (Nafizeni Komise EU ¢. 432/2012): ,,Guarova guma pfispiva k udrZzeni normalni
hladiny cholesterolu v krvi. Tvrzeni smi byt pouZito pouze u potravin, které poskytuji pfivod 10
g guarové gumy denné. Je tfeba varovat pred udusenim, které hrozi osobam s polykacimi
obtiZzemi nebo pfi zapiti neodpovidajicim mnoZstvim tekutin®.

Lokustovd guma se ziskdva ze semen bobovité rostliny, stromu rohovniku obecného
(Ceratonia siliqua), jehoz plody s ndzvem svatojansky chléb nebo karob slouzi také jako
nahrada kakaa. Pochdzi ze Stredomof¥i a v dnedni dobé se péstuje hlavné ve Spanélsku, USA a
Australii. Je to pomérné drahy hydrokoloid, proto byva casto falSovan levnéjsi guarovou
gumou.

Pektin

Ve stfedni bunécné lamele ovoce a v jinych rostlinnych pletivech jsou pfitomny c¢aste¢né
metylované poly-D-galakturonové kyseliny svazbami a-(1,4), zvané pektiny (Whistler a
BeMiller, 1997). Pektinové latky se pouZivaji zejména v potravinarském pramyslu k pfipravé
ovocnych pomazanek (dzemu, marmelad), Zelé cukrovinek apod. Vyrabi se extrakci vhodného
materidlu, jako tzv. jable¢ny, citrusovy nebo fepny pektin. Molekula citrusového pektinu tvoti
podle podminek jednochodou nebo dvojchodou $roubovici (Copikova, 1997). U Fepného
pektinu jsou na hlavni fetézec navazany bocni fetézce neutralnich cukrd, arabinosy, xylosy,
galaktosy a L-rhamnosy. Repny pektin navic obsahuje kyselinu ferulovou (4-hydroxy-3-
metoxyskoricovou).

Karboxylové skupiny pektinu jsou c¢aste¢né metylovdny. Relativni obsah metylesterovych
skupin se nazyva stupen metylesterifikace pektinu DM (%). Pektin se stupném esterifikace
vy$Sim nez 50 % se oznacuje jako vysokoesterifikovany pektin (vysokometylovany) a pektin
s niz§im obsahem metylesterovych skupin se nazyva nizkoesterifikovany (nizkometylovany).
Demetylovany pektin se nazyva pektinova kyselina. Nevétveny polymer obsahujici pouze b-
galakturonovou kyselinu se nazyva polygalakturonova kyselina.

Pektin ma vliv na metabolismus glukosy a mlze snizovat obsah cholesterolu v krvi (Velisek a
Hajslova, 1999). Nejucinnéji se jevi pektiny ovocného plvodu, které jsou témér uplné
metylovany. Nafizeni Komise ¢. 432/2012 uvadi 2 zdravotni tvrzeni: ,Pektiny pfispivaji k
udrZeni normalni hladiny cholesterolu v krvi; konzumace pektin( s jidlem pfispiva k omezeni
narUstu hladiny glukosy v krvi po tomto jidle“.

Karagenany

Karagenany jsou vyznamnymi zastupci skupiny potravinarsky duleZitych polysacharidd
morskych fas. Karagenany se ziskavaji z cervenych morskych fas rostoucich v teplych motich
(Whistler a BeMiller, 1997; Copikova, 1997). Karagenany jsou linedrni polysacharidy, jejichz
stavebni jednotkou je galaktosa. Jedna se o ¢astecné sulfonované galaktany s vazbami a-(1,3)
a B-(1,4). Podle stupné esterifikace se déli na frakce 1-karagenan, A-karagenan a k-karagenan,
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z nichz Zelirujici vlastnosti maji pouze frakce k a 1. Karagenan typu A je natolik sulfonovany, Ze
neni schopen vytvaret gely.

Komeréni karagenan je smési vSech tfi typu karagenan( (VeliSek a Hajslova, 1999). Vétsinou
prevlada k-karagenan nad A-karagenanem v poméru asi 3:2. PouZiva se jako zahustovadlo,
gelotvornd latka, stabilizator a emulgator pfi vyrobé mlécénych dezertll, mlécnych napojd,
zmrzlin a pfi vyrobé masovych konzerv.

Rostlinné gumy

Exudaty rostlin nazyvané rostlinné gumy nebo také klovatiny jsou zpravidla lepivé Stavy
vytékajici samovolné z rostlinnych pletiv v disledku plsobeni rliznych stresovych faktoru
nebo p¥i poranéni (Whistler a BeMiller, 1997; Copikovd, 1997). Na vzduchu ¢asem tuhnou
v pevné gumovité hmoty. Rostlinné gumy jsou vysoce hydrofilni (hydrokoloidy) a ve vodé
dobre rozpustné polysacharidy. Mezi rostlinné gumy se fadi arabska guma, guma tragant,
guma karaja, guma ghatti a dalsi.

Z rostlinnych gum ma v potravindrstvi nejvétsi vyznam arabska guma. Arabska guma je vyron
stromu akacie, kterd roste v Africe na pobrezi Rudého more. Arabska guma je substituovany
kysely arabinogalaktan, ktery se sklada z p-galaktosy, kyseliny glukuronové, L-rhamnosy a L-
arabinosy. Na arabskou gumu jsou prostfednictvim arabinosy v bocnich fetézcich navazany
kovalentnimi vazbami proteiny. Navazané proteiny, jejichz obsah se pohybuje kolem 2 %,
obsahuji zejména aminokyseliny hydroxyprolin, serin a prolin.

Arabskd guma se pouziva jako stabilizdtor a pomocny prostiedek pfi drazovani cukrovinek.
Arabskou gumu Ize kombinovat s ostatnimi gumami, Skroby, Zelatinou a sacharidy. Na rozdil
od ostatnich polysacharid( je mozno pfipravit az 50% vodny roztok.

Xanthan

Xanthanova guma Cili xanthan je nejvyznamnéjSim extracelularnim bakteridlnim
hydrokoloidem pouZivanym pro potravinarské ucely (Whistler a BeMiller, 1999; Velisek a
Hajslovd, 1997). Xanthan vznika fermentaci glukosy nebo fruktosy a jeho producentem jsou
aerobni bakterie rodu Xanthomonas. Hlavni fetézec xanthanu je tvoren -p-(1,4) glukosovymi
jednotkami stejné jako u celulosy. Jednoduché nebo dvojité sroubovice molekuly xanthanu
jsou stabilizovany postrannimi fetézci. Postranni fetézce, obvykle trisacharidy, jsou tvoreny
zbytkem D-glukuronové kyseliny a dvéma zbytky b-mannosy. Vnitfni mannosova jednotka v
postrannim retézci mlze byt v poloze Cs acetylovana, zatimco skupiny na Cs a Cs koncové
mannosy jsou spojeny pyruvatem. Molekulovd hmotnost xanthanu byva kolem kolem 15 - 10°
g/mol. Xanthan je dobfe rozpustny ve vodé a vzniklé disperze jsou vysoce viskdzni. Samotny
xanthan netvori gely, avSak ve smésich s galaktomannany (lokustovou gumou) nebo k-
karagenanem vznikaji termoreverzibilni gely. Xanthan slouZi predevsim jako zahustovadlo a
stabilizator emulzi a také jako vyznamna slozka bezlepkového peciva.
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Glukany kvasinek, plisni a vyssich hub

Rada mikroorganism( produkuje mnoZstvi extra- a intraceluldrnich polysacharid(. Jedine¢né
vlastnosti vykazuji strukturni polysacharidy bunécnych stén kvasinek a vyssich hub. Jedna se
o B-glukany s kombinovanymi vazbami B-(1,3) a B-(1,6), které vykazuji antibakterialni,
antivirové a antikancerogenni Ucinky. Aktivita a schopnost posilovat imunitni systém souvisi
se stupném substituce, Cetnosti vétveni, poftem glukosovych jednotek, molekulovou
hmotnosti a konformaci molekuly glukanu (Synytsya a Novak, 2013; Novak, 2007).

Beta-glukany mohou byt nevétvené (linearni), nebo vétvené polysacharidy. Podle typu
glykosidové vazby rozliSujeme vedle B-glukant také a-glukany. Jedna se zejména o skupinu
glukant z hub, kde jsou glukosové jednotky spojeny vazbami a-(1,3), a-(1,4) nebo a-(1,6),
nebo jejich kombinacemi.

Novéjsi studie uvadi, Ze bunécné stény kvasinky Schizosaccharomyces pombe obsahuji
i glukany spojené vazbami a-(1,3). B-glukany s vazbami 3-(1,3) a B-(1,6) izolované z bunécné
stény kvasinky Saccharomyces cerevisiae jsou nejintenzivnéji studovanymi B-glukany, které
vykazuji nejsilnéjsi biologické ucinky v porovnani s ostatnimi druhy kvasinek (Sugawara et al.,
2014). Retézec B-glukand hub je nejéastdji tvofen jednotkami B-(1,3)-D-glukanu s mistem
vétveni B-(1,6). B-glukany lisejniku a mechu (nékdy nazyvané také lichenany) jsou naopak
linearni molekuly spojené glykosidovymi vazbami B-(1,3) a B-(1,4) s podobnym usporadanim
jako obilné beta-glukany (Olafsdottir a Ingélfsdottir, 2001).

Ve zralych houbdch jsou hlavni fetézce B-glukanl stoceny do trojité Sroubovice stabilizované
postrannimi retézci s molekulovou hmotnosti vyssi nez 90 kg/mol. Diky témto vlastnostem je
podporena funkce fagocytdzy a s tim souvisejici ocekavany zdravotni ucinek B-glukant. B-
glukany vybranych jedlych hub (napfiklad hliva Ustfi¢na, pecarka dvouvytrusnd, penizovka
sametonohd aj.) mohou mit pozitivni vliv na snizovani hladiny cholesterolu a lipoproteinu
s nizkou hustotou (LDL cholesterolu), coz mlzZe vést ke sniZeni rizika vzniku srdecné-cévnich
onemocnéni (Khan et al., 2018; Zhu et al., 2015). Pro dané typy B-glukan( zatim nejsou
schvalena Zadna zdravotni tvrzeni.

B-glukany mohou byt izolovany rliznymi postupy z rostlinnych nebo mikrobidlnich zdroja. B-
glukany z rozdilnych zdrojl se lisi svymi fyzikalné-chemickymi vlastnostmi, jako jsou struktura
molekuly, vétveni fetézce, typ a pocet vazeb v molekule, molekulova hmotnost, rozpustnost,
vaznost vody, viskozita apod. S témito vlastnostmi, s plvodem a Cistotou izolovanych B-
glukan( souvisi také odlisna biologicka aktivita a jejich potencialni zdravotni ucinky. Izolované
frakce B-glukand jsou vyznamnymi dopliky stravy a tvori soucdst rfady farmaceutickych a
kosmetickych pripravk(. Nékteré B-glukany maji zfejmé schopnost podporovat imunitni
reakce v organismu, a proto se radi mezi tzv. imunostimulatory (biostimuldtory). Jiné B-
glukany se podileji na udrzeni normalni hladiny cholesterolu a glukosy v krvi po jidle apod.

O vétsiné B-glukanl a zejména o jejich skutecném fyziologickém ucinku v lidském téle vsak
nemame stdle dostatecné informace.
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Glykogen

Glykogen je zasobnim polysacharidem a hlavnim zdrojem energie pfitomnym ve vsech
zivocisnych bunkach (Velisek a Hajslova, 1999). Z hlediska struktury se podoba glykogen
amylopektinu (sloZce Skrobu). Glykogen je také a-glukan (glukosové jednotky spojené vazbami
1,4 a 1,6), je viak vice vétveny a vice rozpustny nez amylopektin, a jeho vyZivovy vyznam je
maly. Nejvice glykogenu je uloZeno v jatrech Zivolichl. Vyskytuje se ve formé granuli
v bunécné cytoplazmé. Glykogen je také obsaZen ve vyssich houbach, kvasinkach a bakteriich.

Chitin a chitosan

Chitin je Zivocisny polysacharid slozeny z molekul N-acetyl-B-b-glukosaminu a [-D-
glukosaminu, v némz jsou oba monomery vzajemné vazany B-(1,4) glykosidovymi vazbami
(Kurita, 1998). Vedle celulosy je chitin nejrozsifenéjSim polysacharidem v pfirodé. Chitin je
hlavni slozkou kutikuly ¢lenovcl, ktera je u nékterych (naptiklad u hmyzu, krab(, rak( apod.)
pomoci mineralnich latek zpevnéna a pfeménéna v exoskelet (pevnou vnéjsi kostru). Chitin
v spojeni s proteiny je soucasti bunécénych stén nékterych fas, hub, kvasinek a bakterii.
Pfirozené pritomny chitin konzumuiji lidé (zatim) velmi malo. Existuji vSak rGzné stravovaci
zvyklosti a styly a chitin mUZze byt tak pfijiman ve stravé ve vy$sim mnozstvi (smazeni a opékani
brouci, upraveni $neci a krabi se skofdpkami, novel food apod.). Prepardty s obsahem chitinu
jsou Zadané doplriky stravy.

Z chitinu se parcialni alkalickou hydrolyzou acetylovych skupin ziskava ve vodé rozpustny
chitosan. Na zakladé schvalenych zdravotnich tvrzeni (Nafizeni Komise EU ¢. 432/2012) je
mozné na obale vyrobku uvést: ,Chitosan pfispiva k udrzeni normalni hladiny cholesterolu
v krvi. Tvrzeni smi byt pouzito pouze u potravin, které poskytuji pfivod 3 g chitosanu denné.
Aby bylo moziné tvrzeni pouZit, musi byt spotfebitel informovan, Ze pfiznivého ucinku se
dosahne pfi pfivodu 3 g chitosanu denné”.
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1.3.1 Prispévek k identifikaci polysacharidtli v potravinach metodou FT-IR

Pro screening a ovéreni kvality polysacharid(i v potravinach lze vyuzit spektralni data (FT-IR,
infracervena spektrometrie s Fourierovou transformaci) (Ptiloha 1: Copikova et al., 2001)
zpracovana nékterou z metod multivariaéni analyzy (PCA, Principal Component Analysis,
analyza hlavnich sloZzek) (Ferreira et al., 2001; Coimbra et al., 1998). Podle charakteristickych
vino¢td v oblasti spektra 1200-800 cm™ bylo mozZné identifikovat a roztfidit jednotlivé skupiny
izolovanych polysacharidd a jejich standard( (Skrob, karagenany, pektin), ddle monomery
glukosy a galaktosy od jejich polymer(. Bylo mozné separovat standardy sacharosy, fruktosy,
mannosy a arabinosy, a dokonce i rozlisit jednotlivé typy karagenanl (x-, A-, 1-karagenany).
Vysledky ukézaly, Ze FT-IR spektrometrie v oblasti 1200-800 cm™ je vhodnou technikou pro
ovéreni autenticity potravinarsky vyznamnych polysacharidi a mize byt pouzita jako rychly
screening polysacharidd pouzivanych jako p¥idatné latky v potravinach (Pfiloha 2: Cerna et
al., 2003).
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1.4 Fyzikalné chemické vlastnosti oligosacharidt

Oligosacharidy se sestavaji ze dvou az deseti vzajemné vazanych monosacharid(i spojenych
glykosidovou vazbou (Whistler a BeMiller, 1999). Molekuly monosacharidd se vyskytuji
v cyklické formé, pricemz ke vzniku glykosidové vazby dochazi kondenzaci mezi -OH skupinou
prvniho uhliku jedné monosacharidové jednotky a jednou -OH skupinou jiné monosacharidové
jednotky. Takto vznikla glykosidova vazba muze byt rozrusena hydrolyzou (kysela, alkalicka,
enzymova hydrolyza). Pro vyslednou strukturu a vlastnosti oligosacharidu je dalezité, mezi
kterymi -OH skupinami zucastnénych monosacharidl glykosidova vazba vznika a jaka je
konfigurace uhliku nesoucim hydroxylovou skupinu, ktera tvofi glykosidovou vazbu.

Jak monosacharidy, tak disacharidy jsou charakterizovany svymi vlastnostmi, jako je sladivost,
rozpustnost ve vodé, pfipadné, zda jsou fermentovatelné rdznymi mikroorganismy. Nékteré
tri-, tetra- a pentasacharidy vykazuji prebiotické ucinky. Jedna se o galaktooligosacharidy
mléka nebo lusténin a fruktooligosacharidy obilovin, ovoce a zeleniny. Galaktooligosacharidy
lusténin a rady zeleniny (Cesnek, cibule) jsou fazeny do skupiny flatulentnich oligosacharidt a
mohou zpUsobovat zaZivaci potiZze (nadymani, plynatost) (Panek et al., 2002).

Extrakce oligosacharidd se nejcastéji provadi vodou nebo za pouziti vodnych roztokl pufrd o
optimalnim pH (Copikovd, 1997). MiiZe nasledovat inkubace s pfislusnymi enzymy, filtrace
suspenze a kvalitativni a kvantitativni analyza (chromatograficka nebo spektrofotometricka
koncovka; ovéreni Cistoty spektralnimi metodami apod.).

Stanoveni molekulové hmotnosti oligosacharid(, jejich sloZeni, uréeni poméru vazeb
v molekule apod. jsou podobna postupim stanoveni jako u polysacharida.

16



1.5 Piehled potravinafsky vyznamnych oligosacharidu

Oligosacharidy slouZi v lidské vyZivé jako zdroj energie a fada z nich vykazuji biologickou
aktivitu (prebiotické nebo imunologické ucinky, slozka vlakniny apod.) (Whistler a BeMiller,
1999). Mezi nejbéinéjsi oligosacharidy v potravindch patfi sacharosa, maltosa, laktosa,
galaktooligosacharidy a rafinosa.

Maltosa

Maltosa zvana také jako sladovy cukr je tvofena ze dvou jednotek glukosy spojenych o-(1,4)
glykosidovou vazbou. Diky volné aldehydické skupiné patfi maltosa mezi redukujici sacharidy.
S nizkou sladivosti (30-60 % sladivosti sacharosy). Maltosa vznika jako predposledni produkt
hydrolyzy Skrobu (poslednim produktem hydrolyzy Skrobu je glukosa) a u obilného zrna
s vy$Sim podilem naruseného skrobu se vyskytuje ve vétSim mnoZstvi. Vyssi obsah maltosy
(stanovuje se titracné jako redukujici cukry) se nachazi v naptiklad porostlém obili (tj.
pfedcasné nakliceném zrnu, nejcastéji v Zité, k ¢emuz dochazi pfi deStivém pocasi v obdobi
sklizné nebo pfi nevhodném skladovani obili).

Laktosa

Laktosa neboli mléény cukr je redukujici disacharid obsaZeny v mléce. Laktosa je méné
rozpustna ve vodé nez ostatni cukry, glykemicky index ma 45 a nizkou sladivost (16 % sladivosti
sacharosy). Laktosa je vyuZitelnd po hydrolyze jako zdroj energie. Pfi nedostatecné aktivité
enzymu laktasy (B-galaktosidasy) se nerozstépend laktosa dostava do tlustého stieva. Zde je
fermentovana pritomnymi bakteriemi na organické kyseliny, které zplsobuji zvySenou zadrz
vody, a na plynné produkty - vodik a oxid uhli¢ity. To mlzZe vést k projeviim laktosové
intolerance, které se projevuji nadymanim, kifecemi, plynatosti a v extrémnich pripadech i
prajmy, Zalude¢ni nevolnosti a zvracenim. Laktosa slouzi jako surovina pro vyrobu vyssich
galaktooligosacharid(, laktulosy a laktitolu. Aminocukry odvozené od galaktooligosacharidu
materského mléka jsou rlstovym faktorem mikroorganisma Bifidobacterium bifidum.

Sacharosa

Sacharosa neboli fepny &i titinovy cukr je disacharid, jehoz molekula je tvofena glukosou a
fruktosou spojenych o-(1,2) glykosidovou vazbou. Sacharosa je neredukujici cukr,
s glykemickym indexem 65. Jeji sladivost (hodnota 100 %) byla stanovena jako standard pro
sladkou chut. Sacharosa a maltosa vykazuji kariogenni ucinky, relativné slabsi kariogenni
ucinky ma laktosa.

Rafinosa

Rafinosa je zkvasitelny, ve vodé rozpustny trisacharid, sestavajici z galaktosy, fruktosy a
glukosy. Sladivost raffinosy se udava kolem 20 % sladivosti sacharosy. Rafinosa se ve vyssim
mnozstvi vyskytuje v lusténinach, cibuli, zeli a obilovinach. Od raffinosy jsou odvozeny dalsi
oligosacharidy, mezi které patfi tetrasacharid stachyosa, pentasacharid verbaskosa a
hexasacharid ajugosa. Pfitomné oligosacharidy, a-galaktosidy (nazyvané
galaktooligosacharidy a tzv. flatulentni oligosacharidy) nejsou Stépeny travicimi enzymy
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lidského téla a dostavaji se do tlustého streva, kde jsou rozkladany mikroorganismy za tvorby
znaéného mnoZstvi plynd (oxid uhli¢ity, vodik a metan) zplisobujici nadymani. Caste¢né Ize
tyto a-galaktosidy odstranit klicenim a namaéenim semen, enzymovou hydrolyzou nebo
rdznymi tepelnymi postupy. Tyto sacharidy vSak mohou stimulovat rlst bifidobakterii a
mohou byt vyuzitelné i jinymi bakteriemi tlustého streva.

Dalsi oligosacharidy

Z pSenicnych otrub jako vedlejSiho produktu mlynského zpracovani se v primyslovém méritku
ziskavaji enzymovou hydrolyzou arabinoxylant (pUsobenim enzymu endo-1,4-xylanasa)
xylooligosacharidy s vazbou B-(1,4) prokazujici vyznamnou prebiotickou aktivitu (Gullon et al.,
2014).

Galaktooligosacharidy jsou Zivoc¢iSného plvodu (kravské mléko) a prlmyslové se vyrabi
z laktosy transgalaktosylaci u¢inkem B-galaktosidasy (Rudolfovd a Curda, 2005). Podobné jako
FOS pusobi jako slozka rozpustné vlakniny. GOS maji kromé fyziologickych ucinkl také
vyznamné fyzikdlné-chemické vlastnosti. Zvysuji viskozitu vyrobk(, jsou schopny zadrZovat
vlhkost ve vyrobku, snizovat tak jeho aktivitu, a tim vyznamné omezit projevy mikrobialni
kontaminace vyrobkd. V ceredlnich vyrobcich mohou byt vyuzivany jako inhibitory
retrogradace Skrobu.
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1.6 Vyznam polysacharidl a oligosacharidi v lidské vyzivé

Z hlediska funkce sacharid(i ve vyZivé jsou sacharidy déleny na tfi skupiny, na vyuZitelné,
Spatné vyuZitelné a nevyuzitelné (Panek et al., 2002). VyuZitelnymi sacharidy jsou glukosa,
fruktosa, galaktosa, sacharosa, maltosa, laktosa, Skrob a glykogen. Mezi Spatné vyuZitelné
patfi xylosa, arabinosa, rafinosa, stachyosa, verbaskosa a ajugosa. Nevyuzitelnymi sacharidy
jsou polyoly, mannosa, galaktooligosacharidy (GOS), fruktany, celulosa, hemicelulosy, pektin,
rezistentni Skrob, modifikované Skroby, modifikované celulosy, polysacharidy morskych fas,
mikrobialni polysacharidy, rostlinné gumy a slizy a chitin.

Vyuzitelné oligo- nebo polysacharidy jsou v gastrointestinalnim traktu rozstépeny hydrolasami
na fragmenty, které jsou po resorpci z tenkého stfeva vyuZity ve tkanich jako zdroj energie
nebo jako stavebni jednotka (Venn a Green, 2007). Vyuzitelné sacharidy maji pfimy vliv na
hladinu glukosy v krvi (glykemie) a na udrzeni acidobazické rovnovahy v burikach lidského téla.

Polysacharidy se postupné S$tépi hydrolasami na oligosacharidy a ty se hydrolyzuji na
monosacharidy (Panek et al., 2002). V tenkém stfevé se fada cukr( vstiebava (resorbuje)
aktivné (glukosa a galaktosa ve formé fosforecnych ester(l), nebo difuzi (ostatni
monosacharidy) do télnich tekutin. Jsou transportovany do jater, kde se pfeménuji na glukosu
(alditoly se oxiduji, sorbitol na fruktosu, xylitol na xylulosu), kterd je klicovou slouceninou
metabolismu a zdrojem energie u ZivocichU a rostlin. Oxidaci glukosy vznikaji jednoduché
organické slouceniny a koneénymi produkty oxidace jsou CO, a H,O. Prebytek glukosy se
skladuje v jatrech jako glykogen. Dlsledkem pfijmu glukosy a galaktosy potravou je vyrazné
zvySeni hladiny glukosy v krvi (zvyseni glykemie). Hladinu krevni glukosy reguluje kromé
dalSich Iatek inzulin vyluéovany slinivkou bfisni.

Spatné vyuZitelné a nevyuzitelné sacharidy jsou enzymy lidského gastrointestindlniho traktu
Stépeny jen Castecné nebo nejsou vibec Stépeny. Tyto slouceniny jsou zahrnovany pod
sumarni nazev vlaknina (vldknina potravy).

Prebiotika fruktooligosacharidy, xylooligosacharidy a galaktooligosacharidy spadaji do skupiny
nevyuzitelnych oligosacharidd, pfitom podle klasifikace na zakladé délky retézce by patfily do
raznych skupin. Nejsou hydrolyzovdny ani resorbovany v tenkém stfevé a pulsobi podobné
jako slozky rozpustné vlakniny.

FODMAP vymezuje skupinu fermentovatelnych sacharidd s kratkym retézcem. Jedna se o
zkratku pocatecnich pismen slov: fermentovatelné oligosacharidy, disacharidy,
monosacharidy a polyoly (Ooi et al., 2019; Zannini a Arendt, 2018). Spole¢nym znakem téchto
sacharidl je jejich obtizna vstfebatelnost vtenkém stfevé a prechod do tlustého streva
v nezménéném stavu. V tlustém stfevé jsou tyto sacharidy fermentovany pfisluSnymi
bakteriemi a vedlejSim produktem této Cinnosti je velké mnozstvi stfevni plynl (CO2, Hz, CHa).
Napéti ve stfevech a naslednd aktivace mechanoreceptorl jsou pravdépodobné hlavnimi
faktory, které vedou ke spusténi rady strevnich obtizi (nadymani, vzedmuté bticho, kiecovité
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bolesti bficha, nevolnost apod.). FODMAP jsou béZnou soucasti stravy, specifické je pouze
tolerované mnozstvi u jednotlivych citlivéjSich osob.

1.6.1 Vlaknina

Charakteristika vlakniny podle CODEX Alimentarius: Guidelines on nutrition labelling (Rev.
2011, Amendment 2013) a natizeni Evropského parlamentu a Rady (EU) ¢. 1169/2011, Pfiloha
| (citace): "VIdkninou se rozuméji uhlovodikové polymery s tfemi nebo vice monomernimi
jednotkami, které nejsou traveny ani vstiebavany v tenkém stfeveé lidského organismu a nalezi
do téchto kategorii: jedlé uhlovodikové polymery pfirozené se vyskytujici v pfijimané potrave,
jedlé uhlovodikové polymery, které byly ziskany z potravinovych surovin fyzikalnimi,
enzymatickymi nebo chemickymi prostfedky a které maji prospésny fyziologicky ucinek
prokdzany obecné uzndvanymi védeckymi poznatky, jedlé syntetické uhlovodikové polymery,
které maji prospésny fyziologicky ucinek prokazany obecné uznavanymivédeckymi poznatky".
Stru¢néjsi definici vlakniny uvddi Americkd asociace ceredlnich chemik(i (AACC, 2001):
VIdkninu potravy tvofi jedlé ¢dsti rostlin nebo analogické sacharidy, které jsou odolné vici
traveni a absorpci v lidském tenkém strevé a jsou zcela nebo castecné fermentovany
mikroorganismy v tlustém strevé. Vldknina potravy zahrnuje polysacharidy, oligosacharidy,
lignin a pfidruzené rostlinné slozky. Vlaknina potravy vykazuje prospésné fyziologické ucinky:
laxativni a/nebo upravujici hladinu cholesterolu v krvi a/nebo upravujici hladinu glukosy v krvi,
a dalsi vlastnosti.

Z chemického hlediska lze slozky vlakniny rozdélit do nasledujicich skupin: (a) nestravitelné
polysacharidy a oligosacharidy: celulosa, hemicelulosy, fruktany (inulin, fruktooligosacharidy),
pektin, gumy a slizy; (b) slozky pfibuzné sacharidlim, zejména rezistentni skroby, modifikované
Skroby a modifikované celulosy, polydextrosa; (c) lignin a doprovodné latky jako kutin, taniny,
tfisloviny aj.

Priblizné od roku 1980 se déli vlaknina podle rozpustnosti ve vodé na nerozpustnou, omezené
bobtnavou, kam patfi hlavné celulosa a ¢ast hemicelulos (napfiklad xylany) vyskytujici se
v povrchovych vrstvach obilnych zrn, lusténin a zeleniny. Dale na vldkninu rozpustnou,
bobtnavou, tvofici viskézni gely a slizy (Cast B-glukanG a ¢ast arabinoxylanl, pektin,
glukomannany, galaktomannany, mikrobidlni polysacharidy, polysacharidy morskych ras
apod.) vyskytujici se v podobalovych vrstvach obilného zrna, lusténin, v duzniné ovoce,
v bunécné sténé rtas, hub apod. Ve stravé se obecné doporucuje pomér rozpustné :
nerozpustné vlakniny kolem 3:1.

Tyto nevyuZitelné polysacharidy byly dfive téz nazyvany balastni polysacharidy, nebot diky své
schopnosti vazat na sebe vodu a bobtnat zvétSuji objem stravy, ale samy o sobé jsou pfimo
nestravitelné. Presto se ukazalo, Ze maji jistou, avSak nizkou energetickou hodnotu (az 8,4
kJ/g), za kterou jsou odpovédné produkty ¢innosti stfevni mikrofléry (organické kyseliny
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octova, propionova, maselna), které se vstiebavaji do organismu. Pro porovnani energeticka
hodnota vyuZitelnych sacharidd je 17,2 kJ/g.

1.6.2 Skrob

Skrob patFi mezi vyuZitelné polysacharidy, které jsou snadno $tépeny v horni ¢asti zazivaciho
traktu (Panek et al., 2002; Venn a Green, 2007). Pti traveni Skrobu se uplatfiuje slinna a
pankreatickd a-amylasa a isomaltasa. VétsSina Skrobl je zcela stravena v tenkém strevé, jen
nékteré Skroby mohou byt ¢astecné rezistentni a fadi se pak mezi nevyuzitelné polysacharidy.
V tomto pripadé se jednd o fyzikdlné nedostupné skroby (syrovd obilnd zrna), rezistentni
Skroby (syrové brambory) nebo retrogradované skroby (starsi chléb, staré varené brambory).

Skrob je postupné $tépen sacharidasami na oligosacharidy a ty se hydrolyzuji na
monosacharidy. V tenkém stfevé se monosacharid glukosa aktivné vstrebava do télnich
tekutin. DuUsledkem pfijmu Skrobu potravou je vyrazné zvysSeni glykemie. Glykemie je
koncentrace glukosy v krvi, jejiz hodnota na la¢no by podle soucasného pfistupu neméla
prekracovat 5,5 mol/I (v Zilni krvi).

Resorpce Skrobu je rychld a jeji rychlost stoupd se stupném poskozeni nativni struktury Skrobu.
K poskozeni skrobu mUiZe dochdazet biochemicky (enzymovou hydrolyzou), chemicky (kyselou
hydrolyzou), mechanicky a termicky. Cim vy33i je rychlost resorpce $krobu, tim vyssi je
glykemicky index (Gl) pfislusné potraviny. Soucasné plati, Ze Gl stoupa s obsahem cistého
Skrobu v pfrislusné suroviné. ZvySeny obsah vlakniny naopak zplisobuje pokles relativniho
obsahu skrobu, a tim i pokles Gl.

Glykemicky index je bezrozmérna veli€ina, kterd kvantifikuje vliv jednotlivych potravin na
zvyseni glykemie po jidle (postprandidlni glykemie). Stanovuje se jako pomér plochy pod
glykemickou kfivkou v priibéhu dvou hodin po konzumaci dané potraviny a plochy pod kfivkou
po konzumaci 50 g Cisté glukosy, pficemz glykemicky index samotné glukosy je uzancné roven
100. Mnozstvi konzumované testované potraviny by mélo byt stanoveno tak, aby obsah
vyuzitelnych sacharid( ¢inil 50 g (Venn a Green, 2007). Podle hodnoty glykemického indexu
rozliSujeme potraviny na ty s nizkym GI (Gl < 55), se stfednim Gl (Gl 56 - 69) a s vysokym Gl (Gl
> 70) (Brand-Miller et al., 2009).

Glykemickému indexu se dostava stale vétsi pozornosti Umérné s narlstem cukrovky 2. typu
v populaci vyspélych zemi svéta ve vsech vékovych kategoriich, tedy i u déti a mladeze. Nar(st
vyskytu cukrovky v populaci byva nezfidka oznacovén jako pandemie. Problém nespociva
primarné v samotném skrobu, ale v premire jeho denniho pfijmu (jako i dalSich sacharidd a
energetickych Zivin), a tim v prebytkové energetické bilanci vyzivy. Pfirozeny vydej energie,
jejiz deficit provazel fyzicky pracujiciho ¢lovéka (vétSinu populace) po stovky generaci, se ve
vyspélém svété v poslednich desetiletich rapidné snizil. Potfeba fyzické prace u znaéné casti
populace takika vymizela a s tim se zménila zasadnim zpUsobem i energeticka bilance vyzivy.
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PotiZ pfi posuzovani hodnot Gl podle rliznych pramen( byva casto v tom, Ze za standard je
misto glukosy vzat bily chléb. To je zvykem v némecky mluvicich zemich, kde je na obalech
uvadéna hodnota BE (Broteinheit) (Turek et al., 2003). Hodnota Gl béiného ,bilého”
pSeni¢ného peciva (chleba), tj. pecivo ze svétle psSeni¢né mouky, dosahuje hodnot kolem 70.
Lze tedy fici, Ze béZné pSenicné pecivo (housky, rohliky, veky, bagety) se pohybuje na spodni
hranici skupiny potravin s vysokym Gl. Casto se mylné predpoklada, 7e jemné pecivo s
podstatné vyssim obsahem cukru ma Gl vyssi, to vSak neplati, protoZze Gl samotné sacharosy
je roven 70. Pokud se pouzije BE, pak jsou jeho hodnoty pro bilé pecivo logicky rovny 100.

Glykemicky index potraviny lze stanovit testy in vivo nebo in vitro. Rada studii uvadi zjisténi
niz8i hodnoty Gl potraviny s pridavky rlizného mnozstvi B-glukan(, psenicnych otrub, vldkniny
z chia semen, guarové gumy apod. V ramci experimentu (Pourova, 2018) byly pridany rGzné
druhy vldkniny (komeréni preparaty, jable¢nd, je¢nd, ovesna a psenicna vlaknina) do receptury
formového pseni¢ného chleba a provedena senzorickd analyza. Jako nejpfijatelné;si se jevil
chléb s pridavkem 15 % vldkniny (7,5 % pSenicné vldakniny a 7,5 % ovesné vlakniny). Tento
chléb byl zatazen do in vivo testu u skupiny 6 dobrovolniki (4 Zeny, 2 muzi, ve véku 27-75 let)
s diabetes mellitus 2. typu bez farmakoterapie. Testy probéhly celkové 2x. Glykemie byla
promérena po 0, 60, 90 a 120 min po konzumaci chleba. Porce obsahovala 50 g sacharidd.
Jako srovndvaci chléb byl pouzit stejnym zplsobem pfipraveny svétly pseni¢ny formovy chléb
bez pridavku vlakniny. Z namérené glykemické krivky by patrny relativné mensi narUst
glykemie u chleba s vldkninou a po 120 min doslo k pomalejsimu poklesu glykemie u chleba
s vlakninou. Stanoveni glykemie bylo opakovdno se stejnym trendem. Je v3ak jasné, Ze pro
prokazani vlivu pridané vlakniny na glykemii, je tfeba vétsi pocet dobrovolnik(i a opakovana
méreni. Pomoci in vitro metodiky na odhad Gl (Englyst et al., 1999), kdy se vyuziva postupné
enzymové hydrolyzy vzorku a obsah uvolnénych cukrl je stanoven pomoci kapalinové
chromatografie. Nékteré studie potvrzuji korelaci obsahu rychle a pomalu dostupnych
sacharidd s hodnotou Gl potraviny, naopak jiné studie oznacuji metodu odhadu Gl za
nepresnou pro jeji vysokou variabilitu a nizkou opakovatelnost.

In vitro test glykemického indexu (Bradova et al., 2015) vychazi z postupu simulace traveni dle
Englysta (Englyst et al., 2003; Englyst a Englyst, 2005), stanovuje se obsah volné glukosy a
volné fruktosy, obsah glukosy uvolnéné po 20 a 120 min a obsah celkové glukosy. Hodnota
glykemického indexu se poté vypocita podle vzorce s experimentdlné stanovenymi koeficienty
(GlI=—=21.28 X FSF + 5391 X FSG + 0.49 X RDS + 1.04 X SDS — 0.87 X RS) (kde FSF je
obsah volné fruktosy, FSG je obsah volné glukosy, RDS je obsah rychle stravitelného Skrobu,
SDS je obsah pomalu stravitelného skrobu a RS je obsah rezistentniho Skrobu).

Obsah glukosy uvolnéné po 20 i 120 min byl nizsi u chleba s vldkninou, coZ bylo o¢ekavano
(Pourova, 2018). Byla vsak zjisténa pfiliS vysokd smérodatnd odchylka u obsahu celkové
glukosy. Hodnoty vypoctem ziskaného obsahu rezistentniho Skrobu byly neredlné. Na zavér
lze uvést, Ze sice byl vypocitan nizsi Gl u chleba s vldkninou (GI=48,4) v porovnani s Gl
kontrolniho chleba (GI=62), avSak uvedeny vzorec nelze doporucit pro spravny a realny odhad
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Gl. Vysoké koeficienty u obsahu volné fruktosy a volné glukosy zpUsobuji (poskytuji) pfi velmi
malé zméné obsahu téchto cukri neredlné hodnoty Gl.

Ke zvySeni presnosti a spolehlivosti metodiky odhadu Gl je nutna uprava metodiky (vzorce,
koeficient(l) pro vypocet jednotlivych frakci (Skrobovych frakci), moznost snizit pocet na sebe
navazujicich analytickych krok( a zajistit tak lepSi opakovatelnosti a reprodukovatelnost
méreni. Englyst et al. (2003) sdm upozoriiuje na problemati¢nost pouZiti metodiky k odhadu
Gl, kdy je tfeba zohlednit obsah ostatnich Zivin, obsah susiny, fyziologické faktory traveni a
dalsi.

In vivo metoda je tedy zatim jedina vhodnd metoda pro stanoveni Gl potraviny. Pro spravné a
efektivni stanoveni Gl pomoci in vivo testu je tfeba zajistit dostatecny pocet spolehlivych
dobrovolnikd, finance a ¢as pro opakovana méreni a vyhodnoceni.

1.6.3 Fyziologické ucinky vlakniny

Uginky riznych slozek vldkniny potravy jsou Gzce spjaty s typem daného polymeru/oligomeru,
ktery vstupuje do tlustého stfeva, molekulovou hmotnosti polymeru/oligomeru, jeho
viskozitou, rozpustnosti a rozsahem vétveni molekuly (Andersson et al., 2014; Salovaara et al.,
2007).

Fruktany plsobi v tlustém stfevé jako prebiotika a jsou zcela fermentovany na mastné kyseliny
s kratkym retézcem (kyselina octova — zdroj energie pro svalové a mozkové buriky, kyselina
propionova — zdroj energie pro jaterni burky, kyselina maselna — obnova kolonocytt) (Meyer,
2007). Tvorbou kyselin dojde v tlustém stievé ke snizeni pH, coz mlze preventivné plsobit
proti rakovinovému bujeni (prevence rakoviny tlustého stfeva a konecniku). Nizsi hodnota pH
ve strfevé diky produkovanym mastnym kyselindm sniZuje riziko rakoviny a dochazi také ke
zméné mikrofléry ve prospéch bifidobakterii. Vedle tvorby prospésnych kyselin je
zaznamenana také produkce vétsiho mnoizstvi plynli. U nékterych osob trpicich syndromem
drazdivého tracniku (IBS) mohou fruktany zplsobovat travici problémy. IBS se projevuje
bolestmi bficha, nadymanim, prdjmem, nebo naopak zacpou. MuZe byt ale spojen také
s bolestmi hlavy, svalG a vykyvy ndlad. Odbornici diskutuji o tom, co presné tento syndrom
zpUsobuje (stres, hormonalni zmény, nedostatek pohybu, zmény stravy apod.). Zatim se
shoduji na tom, Ze se projevuje podobné jako bézné travici potize. Syndrom drazdivého streva
(IBS) je jedna z nej¢astéjsich stfevnich poruch tenkého a tlustého streva.

Fruktooligosacharidy a galaktooligosacharidy ve funkci prebiotika podporuji rist a aktivitu
probiotickych bakterii (Lam a Cheung, 2013; Lamsal, 2012; Rudolfova a Curda, 2005). Jako
prebiotika plsobi také mikrobiadlné vytvofené polysacharidy dextrany a levany (Copikova,
1997).
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Ve vodé rozpustna (bobtnava, viskdzni) vldaknina, kam lze zaradit ¢ast arabinoxyland, B-glukany
nebo glukomannany, tvofi v Zaludku viskézni, gelovitou hmotu (Salovaara et al., 2007).
Bobtnanim slozek dochazi ke zvyseni viskozity traveniny v kontaktu s vodou, pfichazi pocit
nasyceni, a tim je mozné predejit prejidani se a rozvoji nadvahy a obezity (zajiSténi a udrzeni
optimalni télesné hmotnosti). Pro efektivni vyuZiti sorpcnich vlastnosti vldkniny je dllezité
konzumovat dostate¢né mnoizstvi vody (tekutin) v pribéhu dne. DalSimi efekty rozpustné
vlakniny je vliv na udrzeni normalni hladiny glukosy a inzulinu v krvi a udrzeni normalni hladiny
krevniho cholesterolu, coz mlize vést ke snizeni rizika srde¢né-cévnich onemocnéni.

Ve vodé nerozpustna vlaknina, kam se fadi celulosa, ¢ast hemicelulos zejména xyloglukany a
arabinoxylany, ma vliv na zlepseni stfevni peristaltiky, urychluje prichod traveniny tlustym
stfevem a muZe vést ke sniZeni rizika chronické zacpy, rakoviny tlustého stfeva a konecniku
(Goff et al., 2018; McRorie a McKeown, 2017). Degradované slozky nerozpustné vldkniny jsou
zdrojem vyZivy pro bakterie tlustého stfeva, coz mlze vést k posileni imunitniho systému.
Bylo vsak prokazano, Ze pouze malé mnozZstvi bakteridlnich druh( sidlicich v tlustém strevé
dokaze zuzitkovat nerozpustné nebo komplexni arabinoxylany. Soucasné napfiklad
arabinoxylooligosacharidy stimuluji rdst jen malé skupiny bakterii mlééného kvaseni (Gullén
et al., 2014).

Zdravotni tvrzeni o prokazanych ucincich vlakniny a jejich sloZek jsou uvedeny v kapitole 1.7.3
VlIadknina, jeji slozky a latky doprovazejici vidkninu v obilovinach.

1.6.4 Metody stanoveni vlakniny

Pro béind stanoveni vldakniny a jejich sloZek v potravindch byly vypracovany tfi zakladni
skupiny metod: neenzymaticko-gravimetrické, enzymaticko-chemické a enzymaticko-
gravimetrické.

Pomoci neenzymaticko-gravimetrickych metod (kombinace kyselé a alkalické hydrolyzy,
spojené s oxidaci slozek vldkniny, s naslednou extrakci, filtraci, suSenim a findlnim vazenim)
lze stanovit tzv. hrubou vldkninu (toto stanoveni je vyuzivdno vétSinou pro stanoveni
nestravitelnych sloZek v krmivech). Hruba vlaknina je tvofena zejména celulosou, ligninem a
Casti hemicelulos. MnoZstvi vlakniny stanovené timto zplsobem se urci zvazenim zbytku, ktery
zUstane po extrakci prislusnymi Cinidly. Tento zpUsob stanoveni zahrnuje fadu metod, které
byly pojmenovany po pfislusnych védcich (metoda podle Henneberga a Stohmanna, metoda
podle Van Soesta apod.). Van Soest et al. (1963) zavedli do analyzy vlakniny pouziti
detergencnich cinidel a podle zplsobu hydrolyzy a typu pouzitého detergentu
(cetyltrimetylamonium bromid, laurylsulfatu sodny) rozliSujeme neutrdlné-detergentni
vlakninu (NDF) (celulosa, lignin, ¢ast hemicelulos), acido-detergentni vlidkninu (ADF) (celulosa,
lignin, pektin, taniny) a acido-detergentni lignin (ADL). Rozdil mezi NDF a ADF udava predbézny
odhad obsahu hemicelulos.
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Do kategorie enzymaticko-chemickych reakci spadaji metody enzymaticko-kolorimetrické a
enzymaticko-chromatografické. Kolorimetrické metody vyuzivaji barevné reakce cukr( (cukry
uvolnéné hydrolyzou polysacharidd) s prislusnymi Cinidly a proméreni absorbance roztoku pfi
danych vinovych délkach. Kapalinovou nebo plynovou chromatografii se stanovuji jednotlivé
monomerni slozky vldkniny (zejména glukosa, galaktosa, mannosa, xylosa, arabinosa a
uronové kyseliny). Theander a Aman (1982) jako prvni provedli stanoveni monosacharid(
plynovou chromatografii po hydrolyze polysacharid(i vldkniny.

Enzymaticko-gravimetrickou metodou lze stanovit celkové mnozZstvi rozpustnych a
nerozpustnych polysacharid@, jako jsou celulosa, hemicelulosy, pektin, jiné neskrobové
polysacharidy, cast rezistentniho Skrobu a lignin. Timto zplsobem lze ziskat obsah celkové
vlakniny potravy (nerozpustna a rozpustnd ¢dast vldkniny). Zaklad této metody spociva ve
vyuziti tfi travicich enzymi - termostabilni amylasy, proteasy a amyloglukosidasy, jejichz
plUsobenim dojde k odstranéni Skrobu a protein(i z analyzovaného vzorku. Zbytek po hydrolyze
a filtraci tvofi vldknina a mineralni Iatky (popel). Prosky et al. (1984) provedli jako prvni
védecka skupina enzymaticko-gravimetrické stanoveni vlakniny vyjadirené jako celkova
vldknina (TDF). Stanoveni zahrnovalo pouziti a-amylasy, amyloglukosidasy a proteasy a
odstranéni jednoduchych sacharidd pouzitim 78 % etanolu. V modifikaci této metody
pokracoval Asp et al. (Asp, 2004; Asp et al., 1992) a McCleary et al. (McCleary et al., 2011;
McCleary et al., 2007).

Nejpouzivanéjsi metodikou stanoveni vlakniny a jejich slozek v potravinach je enzymaticko-
gravimetrickd metoda (vyuzivajici komeréni enzymové sety a validované postupy AOAC
991.43, AOAC 985.29, AACC 32-07.01 a AACC 32-05.01). Jedna se o urceni obsahu vlakniny
potravy v ceredlnich surovinach a zpracovanych produktech. Principem stanoveni vldkniny je
odstranéni vSech latek, které nejsou definovany jako vlaknina. V prvni fazi stanoveni se
provadi hydrolyza Skrobu plsobenim a-amylasy pfi teploté 96°C a amyloglukosidasy pfi
teploté 60°C. Vzniklé nizkomolekuldrni cukry, jsou pfevedeny do roztoku a odstranény filtraci.
Proteiny jsou hydrolyzovany proteasou pfi teploté 60°C na rozpustné a depolymerizované
proteiny a peptidy, a ty jsou nasledné odstranény filtraci. Po filtraci se ziskd pevny podil
(obsahujici nerozpustnou vldkninu, IDF) a filtrat. Nasleduje srazeni ziskaného filtratu 96%
etanolem (v/v) a po filtraci smési se ziska pevny podil obsahujici ¢asti rozpustné vlakniny (SDF).
Rezidua vlakniny jsou promyta 78% etanolem (v/v), 96% etanolem (v/v) a acetonem. Poté jsou
promyta rezidua susSena a zvazena. V jednom duplikatu rezidua vldkniny je stanoven obsah
zbytkovych proteinl a druhy duplikat rezidua vlakniny slouzi ke stanoveni obsahu popela.
Podobnym zplsobem (srazenim a filtraci) se stanovi celkova vldknina (TDF).

Nejnovéjsim zplsobem stanoveni SirSiho spektra sloZzek vldkniny je kombinovand metoda
(integrovany postup stanoveni celkové vlakniny; Integrated Total Dietary Fibre Assay
Procedure, AOAC Method 2009.01 & 2011.25 a AACC Method 32-45.01 & 32-50.01).
Kombinovana metoda byla navriena a schvalena v roce 2011. Pomoci pfedkladané metody je
mozné stanovit obsah nerozpustné vlakniny, podil nizkomolekularni a vysokomolekularni

25



slozky rozpustné vldkniny, zastoupeni rezistentniho Skrobu, vétvenych rezistentnich
maltodextrinl a nestravitelnych oligosacharid( se stupném polymerizace vyssim nez 3. Tato
metoda rozsifuje moznosti pouziti jiz dfive schvalenych metod stanoveni vldakniny a kombinuje
enzymaticko-gravimetrickou metodu s chromatografickou koncovkou. V porovnani
s pfredchozi metodou se navic vyuZiva traveni pankreatickou amylasou pfti teploté 37°C
(simulace traveni v lidském travicim traktu). Provadi se rada izolacnich krokd s naslednou
moznosti stanoveni obsahu rezistentniho Skrobu a nestravitelnych oligosacharidd, inulinu,
FOS, GOS, polydextrosy, pektinu a arabinogalaktanu. Pomoci kapalinové chromatografie jsou
kvantifikovany hydrolyzou uvolnéné a extrahované monosacharidy a disacharidy a vyssi
oligosacharidy. Uvedena kombinovana metoda by tedy meéla zajistit presnéjsi vysledky
(zastoupeni frakci rozpustné vlakniny), nez metoda vyuzivajici pouze enzymaticko-
gravimetrické stanoveni (AOAC 991.43, AOAC 985.29). V praxi se vSak kombinovand metoda

vevys

Vrdmci naseho experimentu byl obéma vySe uvedenymi metodami stanoveni vldkniny
(enzymaticko-gravimetricky a kombinovanou metodou) potvrzen deklarovany obsah celkové
vlakniny u 10 komercnich ceredlnich vyrobkd s vysokym obsahem vldakniny (Mazarova, 2016).
Hodnoty obsahu celkové vldkniny ziskané obéma metodami byly relativné srovnatelné.
V pripadé kombinované metody byl vSak stanoven nizsi obsah nerozpustné vldkniny a vyssi
obsah rozpustné vlakniny (vyjadieny jako soucet casti podilu nizkomolekuldrni a
vysokomolekuldrni slozky rozpustné vlakniny) v porovnani s vysledky ziskané enzymaticko-
gravimetricky. K analyze oligosacharidi, véetné maltodextrinG a fruktan( byla vyuzZita citliva
technika HPAEC-PAD. Obsah sledovanych oligosacharid( byl velmi nizky a u nékterych vzorki
cerealnich vyrobkd se pohyboval na hranici meze detekovatelnosti. Nebyla tedy potvrzena
puvodni o¢ekdvani, Ze nové zavedend integrovana metoda poskytne informaci o detailnéjSim
profilu sloZzek rozpustné vldkniny vcetné oligosacharidd v porovnani se standardni
enzymaticko-gravimetrickou metodou.
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1.7 Polysacharidy a oligosacharidy obilovin

Obiloviny a pseudoobiloviny a vyrobky z nich jsou vyznamnym zdrojem sacharid( (Delcour a
Hoseney, 2010; Stone a Morell, 2009). Sacharidy se vyskytuji témér ve vSech ¢astech obilného
zrna. Nejvrchnéjsi vrstvy obilného zrna (obalové vrstvy, oplodi) obsahuji nerozpustné
polysacharidy celulosu, nerozpustné B-glukany a hemicelulosy (konkrétné xyloglukany, xylany
a arabinogalaktany). Podobalové vrstvy zrna (osemeni) obsahuji ve vodé ¢aste¢né rozpustné
hemicelulosy (konkrétné arabinoxylany-nékdy také nazyvané pentosany a B-glukany). Dalsi
¢ast zrna, aleuronova vrstva, mékka, jednoducha vrstva s velkymi burikami, je charakteristicka
vysokym obsahem rozpustnych B-glukanl, arabinoxylan(, glukomannand a fruktand.
Endosperm obsahuje hlavné Skrob (vétSinou okolo 80 %), z ostatnich sacharid(i také B-
glukany, arabinoxylany a fruktany. Blok klicku ma vysoky obsah redukujicich cukr( (glukosa,
fruktosa, maltosa, rafinosa), mohou byt také pfitomny arabinoxylany a glykoproteiny.

Hlavnimi skupinami polysacharid( obilovin je Skrob a skupina neskrobovych polysacharidd.
Skrob je obsaZen v endospermu obilovin jako zasobni polysacharid, pfic¢em? jeho podil &ini 60-
75 % sudiny obilek a aZ 80 % sudiny samotného endospermu. Skrob se vyskytuje ve formé
Skrobovych zrn, coz jsou utvary rlizné velikosti a tvaru (tvar je charakteristicky pro jednotlivé
druhy obilovin), které popisujeme na Urovni kvartérni struktury (Skrobova zrna). Obsah Skrobu
zaleZzi na druhu a odr(dé obiloviny a pseudoobiloviny. Ve svétlé mouce, kterad je tvorena
prevdiné endospermem, je obsah Skrobu kolem 85 % v susiné mouky.

Skrob se vyskytuje pouze v endospermu (moucné jadro, vnitini ¢asti obilného zrna), slozky
vlakniny se nachazeji zejména v obalovych ¢astech, podobalovych ¢astech obilného zrna a
v aleuronové vrstvé, ale v nékterych pripadech (beta-glukany u ovsa a je€mene, arabinoxylany
a fruktany u psSenice a arabinoxylany u Zita) i v endospermu zrna.

Obsahy polysacharidi se mohou v jednotlivych odridach obilovin vyznamné liit v zavislosti
na lokalnich klimatickych a ptidnich podminkach a na dodrzovani agrotechnickych opatreni.
Jsou Slechtény specidlni odridy waxy psenice a kukufice, a odrady potravinarského jeCmene
s diferenciovanymi vlastnostmi (waxy odrlidy jeCmene s vysSim obsahem beta-glukand,
vyssim obsahem vldakniny a doprovodnych bioaktivnich slozek).

1.7.1 Tvorba Skrobovych zrn a vlastnosti Skrobu
PSenicny skrob (ale také Zitny, jecny i ovesny Skrob) se vyskytuje ve dvou charakteristickych
velikostnich frakcich (vétSinou oznacované jako A a B) (Delcour a Hoseney, 2010; Stone a

Morell, 2009; Whistler a BeMiller, 1999). Granulacni rozloZeni jednotlivych typl obilnych
Skrob( a teplotni rozsahy mazovaténi jsou odlisSné.
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Skrobova zrna se vytvari béhem postupu zrani obilky. S postupnym vyzravanim se jednak
zvétsuji makromolekuly amylosy a amylopektinu, jednak se dotvafi jejich struktura. Pfestoze
usporadani struktury Skrobového zrna je odlisné od krystalové mrizky anorganickych latek,
metody studia krystalové struktury prokazuji, Ze ve Skrobovém zrnu jde o obdobu
krystalického usporadani. Toto krystalické (resp. semikrystalické) usporadani ovsem
predstavuje jen 30 % Skrobového zrna, zbytek je neusporadany, nekrystalicky. Krystalické
usporadani se predpoklada jen u ¢asti amylopektinu.

Skrob je hlavni slozkou obilného zrna a mouky a vedle p3eni¢ného lepku je pro ceredlni
technologii zcela zasadni. Zfyzikdlnich vlastnosti Skrobu jsou nejvyznamnéjsi schopnost
bobtndni, mazovaténi a retrogradace.

Skrobové zrna jsou ve vodé nerozpustna, ve studené vodé bobtnaji pouze mirné a pozvolna,
ale rychlost a mira bobtnani rychle narista s teplotou. Po dosazeni urcité teploty (pocatecni
teplota mazovaténi) zacind dochdzet k mazovaténi skrobovych zrn (vidy se jedna o urcité
rozmezi teplot mezi poCatkem mazovaténi a ukoncenim procesu, rozdil mezi teplotami na
pocatku a na konci se pohybuje mezi 10-15°C). U obilnych skrob( se rozsah mazovaténi uvadi
v teplotnim rozmezi kolem 50 az 70°C.

evvs

mazovaténi patfi Zitny Skrob. Vytvoreny Skrobovy maz ma charakter viskdzni, témér ciré
kapaliny. V pekarském tésté vsak nikdy nedojde v pribéhu peceni k dplnému mazovaténi
vSech Skrobovych zrn. Dochdzi predevSim k bobtndni zrn a pouze jejich povrch mize
zmazovatét. K iplnému zmazovaténi skrobovych zrn neni v tésté dostatek vody.

Chovani skrobu béhem mazovaténi je mozné sledovat naptiklad na amylografu, viskozimetru,
RVA (Rapid Visco Analyser) apod. Skrobova zrna postupné pfijimaji vodu a zaénou ztracet
plavodni, celistvou strukturu. Pribéh mazovaténi, zmény viskozity, vzhledu a usporadani
Skrobovych zrn Ize pozorovat na amylografické kfivce. Na pocatku zahtivani zrna jen bobtnaji
a tim zvétsuji svlj objem. Intenzivné se rozrusuji mezimolekuldrni vodikové mustky, zrna
zacinaji prudce zvétSovat svlj objem a uvolnéna amylosa difunduje do roztoku. V disledku
toho stoupd viskozita suspenze. Pfi dalSim zahtivani hydratace pokracuje a rozrusuji se
nabobtnalé casti zbylého amylopektinu, nabobtnald zrna ztraci svoji integritu (pod
mikroskopem lze pozorovat praskani a roztrhani zrna, coz je spojeno se ztratou polarizacniho
kfize v polarizovaném svétle). Uvoliovdanim amylosy a pozdéji i malého mnoZstvi
amylopektinu do roztoku vzrista viskozita systému a vznikd Skrobovy maz, kde jsou pfitomny
rozruseného zrna skrobu s amylopektinem a zbytkem amylosy. Dalsim zahfivanim nad teplotu
mazovaténi pokracuje rozrusovani vodikovych mastkl a dezintegrace Skrobového zrna.

Kdyz zmazovati veskery Skrob, zacind viskozita pfi neustalém michani smési klesat. Pokud se

vznikly maz necha chladnout, dochazi ke zpétné tvorbé vodikovych vazeb mezi molekulami
amylosy a amylopektinu. Viskozita smési se opét zvySuje. V pfipadé dostate¢né koncentrace
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Skrobu vznika spojita, pevna trojrozmérna sit s velkym mnozstvim vody, vznika tzv. skrobovy
gel. Pokud je koncentrace Skrobu nizsi, vznikaji viskdzni pasty nebo viskdzni koloidni roztoky.

Bobtnani a mazovaténi skrobu je jednim z klicovych procest béhem tvorby a zrani tést a
peceni. Po zchladnuti peciva dochazi k procesu retrogradace vzniklého Skrobového gelu. Jak
jiz bylo zminéno, v tésté neni dostatek vody, aby bobtndni a nasledné zmazovaténi Skrobu
probéhlo v plném rozsahu. Pfesto jsou tyto procesy urcujici pro tvorbu stfidy peciva a dosazeni
jeji optimalni struktury stfidy a textury peciva. Retrogradace Skrobu (zejména rekrystalizace
amylopektinu) se pak zdsadni mérou podili na starnuti peciva.

Pro technologické zpracovani mouky je velmi podstatné v jakém stavu se Skrob v mouce
nachazi. Po dozrani obilného zrna a v prlibéhu skladovani a ptipravy k mleti jsou vzdy do jisté
miry aktivovany enzymy amylasy, které Skrob ¢aste¢né hydrolyzuiji.

1.7.2 Stupen poskozeni Skrobu a jeho vyZivovy vyznam

Stupen poskozeni Skrobu v moukdch ma vedle obsahu vldkniny jisty vliv na hodnotu
glykemického indexu. K poSkozeni Skrobu dochazi biochemickou cestou pfi dozravani obili,
jeho skladovani a ¢astecné i pfi pripravé zrna k mleti. Uplatfiuje se zde aktivita amylolytickych
enzym, kterad se v obilnarské, mlynské a pekdrenské praxi hodnoti pomoci jednoduchého
méreni zdanlivé viskozity zmazovatélé moucné suspenze, kterd odpovida aktivité a-amylasy.
Ziskava se tak hodnota zvana Hagbergovo Cislo (¢islo poklesu, padové Cislo, Falling Number,
aktivita a-amylasy. Hodnoty pod 200 s signalizuji u pSeni¢nych mouk jiz pomérné hluboké
poskozeni Skrobu, za optimalni se povazuji hodnoty 250-300 s (Pfihoda et al., 2012).

K vyznamnému poskozeni Skrobovych zrn vSsak mulze také dochazet pti vlastnim mlecim
procesu, a to jak mechanicky, tak tepelné, diky vysoké teploté v mleci spare valcové stolice.
Mouky s vy$Sim stupném vymleti a mouky vyrabéné intenzivnéjSim mletim (pfi vy$Sim
mérném zatizeni valcovych stolic) tak vykazuji znaéné deformace skrobovych zrn. Miru
poskozeni pti mleti také do znaéné miry predurcuje charakter zrna — tvrdost, mira ukotveni
Skrobovych zrn v proteinové matrici a také distribuce velikosti Skrobovych zrn. To vse lze
sledovat a stupen poskozeni Skrobu nastavenim parametri mleciho procesu ucinné ovliviiovat
(Gordon a William, 1994).

Neposkozena skrobova zrna bobtnaji omezené, zatimco poskozeny skrob vaze vodu intenzivné
a podili se na nosné struktufe tésta. Skrob je zdrojem zkvasitelnych cukrd pfi fermentaci (zrani
a kynuti) tésta. Po upeceni se ¢astecné zmazovatély skrob podili na strukture stfidy peciva, ma
vliv na udrzeni vla¢nosti a mékkosti stridy peciva.
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1.7.3 Vlaknina, jeji slozky a latky doprovazejici vlakninu v obilovinach

Celulosa

Celulosa jako hlavni slozka nerozpustné obilné vldkniny je pfitomna zejména v obalovych
vrstvach (ve vazbé s ligninem a hemicelulosami) (Delcour a Hoseney, 2010; Stone a Morell,
2009). Celulosa tvofi pevna vldkna, brani pronikani vihkosti a nezaddoucich mikroorganismu do
obilného zrna a chrdni zrno prfed mechanickym poskozenim. Celulosa je ve vodé nerozpustna
a za normalnich teplot ani vyrazné nebobtnd. Funkce nerozpustné vlakniny v lidském téle
spociva v urychleni stfevniho tranzitu, zlepSeni stfevni peristaltiky a ve zvétSeni objemu
stolice.

B-glukany

Obilné B-glukany, B-(1,3),(1,4)-p-glukany neboli B-glukany se smiSenymi vazbami, jsou
strukturni polysacharidy sloZzené z molekul B-p-glukosy (Trafford a Fincher, 2014). Nachazeji
se ve vSech semenech obilovin, a ve vétsim mnozstvi v je¢meni a ovsu. B-glukany obilovin jsou
zCasti rozpustnou vlakninou, ¢aste¢né i nerozpustnou vlakninou potravy. Na rozdil od celulosy
[v retézci celulosy jsou pouze vazby B-(1,4)] obsahuji B-glukany obvykle kolem 70 %
glukosovych jednotek spojenych vazbou -(1,4) a kolem 30 % jednotek spojenych vazbou B-
(1,3).

Na struktufe a pivodu zavisi rozpustnost B-glukanu, ktera klesa v poradi oves (nejvice ve vodé
rozpustné B-glukany), je€men, pSenice (nejméné ve vodé rozpustné B-glukany). Rozpustnost
B-glukanu také zavisi na poctu (1,4) vazeb v molekule B-glukan(, s vy$sim poctem téchto vazeb
klesa rozpustnost B-glukanl. Molekulova hmotnost B-glukan( se pohybuje v Sirokém rozsahu
od desitek do tisicti kg/mol podle zdroje.

Obilné B-glukany se lisSi pomérem triosylovych (DP3) a tetraosylovych (DP4)
glukopyranosovych jednotek v molekule B-glukanu. Useky jednotek glukosy (vétsinou 2-3
jednotky) s vazbou B-(1,4) jsou propojeny jednou glukosovou jednotkou s vazbou B-(1,3)
(lzydorczyk a Dexter, 2008). Pro B-glukany jeCmene se tak udava pomér jednotek pfiblizné 1:3
[pomér 1:3 v je€ném B-glukanu znamena témér trojndsobnou prevahu jednotek s vazbami B-
(1,4) nad jednotkami spojenych vazbami -(1,3)] a pro B-glukany ovsa pfiblizné 1:2. V pfipadé
pSeni¢nych B-glukan( je pomér jednotek 1:4. Z toho vyplyva, Ze psSenicny B-glukan ma nizsi
pocet vazeb B-(1->3), mad pravideln&jsi strukturu, nizsi rozpustnost a odliSné chovani
(viskozita, tvorba gelu apod.) nez je¢né a ovesné B-glukany (Pfiloha 11: Wiege et al., 2018).

Jak jiz bylo uvedeno, bohatym zdrojem B-glukan( je hlavné jeCmen (2-6 %). Sladovnické
je€meny maji obvykle nizsi obsahy B-glukan( (kolem 2-4 %). Nové Slechténé odrady
potravinarského je¢mene mohou vykazovat obsah B-glukand az 10 % (naptiklad némecka
odrida betaBarley®) (Vaculova, 2014; Vaculova, 2012; Dieckmann, 2011). Ceské odrddy
je€mene AF Lucius® a AF Cesar® mohou mit obsah B-glukan® az kolem 7 %. DalSimi zdroji B-
glukan( jsou oves a pSenice. V pfipadé ovsa a ¢astecné také jemene se B-glukany vétsinou
nachdzi rovnhomérné rozloZené ve vsech vrstvach obilky, zatimco u p3enice (obsah B-glukant
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0,2-2,0 % hmotnosti zrna psenice) je nejvyssi obsah B-glukan( v aleuronové vrstvé a
podobalovych vrstvach (Izydorczyk a Dexter, 2008). V Zitném zrnu se B-glukany nachazi nejvice
v aleuronové vrstvé (Rakha et al., 2010; Andersson et al., 2009).

B-glukany s vysokou viskozitou a vysokou molekulovou hmotnosti zvysuji viskozitu obsahu
lidského stfeva (vliv na pocit sytosti a nasycenosti, snizena resorpce nékterych Zivin a enzym),
coz je zadouci pro zvysenou fyziologickou aktivitu B-glukant (Collins et al., 2010; Byung-Kee a
Ullrich, 2008). Nékteré studie naopak uvadéji, Zze B-glukany s nizsi viskozitou a niZsi
molekulovou hmotnosti jsou vyhodnéjsi z dldvodu snadnéjsiho a pohotovéjsiho vyuziti
bakteriemi pfitomnymi v tlustém stfeveé ¢lovéka. Tyto nizkomolekularni B-glukany tak vykazuji
funkci prebiotika.

Molekulovd hmotnost, obsah a rozpustnost B-glukanl je ovlivnéna genotypem obiloviny,
klimatickymi podminkami, agronomickymi vstupy, poskliziovymi zménami a samozrejmé
procesem zpracovani obilovin.

V kapitole Fyzikdlné chemické vlastnosti polysacharidi potravin jsou zminény obecné postupy
izolace a identifikace polysacharidu. V pripadé extrakce a charakterizace obilnych B-glukan(
Ize vyuZit rGzné pristupy a postupy.

Jedna z jednodussich metod extrakce ve vodé rozpustnych B-glukan( je metoda extrakce
podle Temelli (1997). Tato metoda je ¢asto vyuzivana pfi studiu B-glukan( pro svoji rychlost a
mensi ndrocnost. Metoda byla modifikovdna a pouZita k extrakci B-glukan( z vybranych
mlynskych frakci waxy jeCmen( (KM 2460-2 a Waxyma), a z nativnich a extruzi upravenych
celozrnnych mouk je€men( se standardnim slozenim Skrobu (AF Lucius, AF Cesar, KM 2624,
KM 2460-1, KM 2460-2) (Wiege, 2017). Postup extrakce byl nasledujici: k 50 g nativni je¢né
mouky, nebo 25 g extrudované je¢né mouky bylo pfidano 500 ml destilované vody. Extrakce
probihala pfi 55°C/2 h/pH 7 za poufiti laboratorniho hfidelového michadla v kombinaci s
magnetickou michackou s ohfevem. Po extrakci nasledovalo odstfedéni pfi 4400 rpom/4°C/30
min, pH bylo upraveno na 4,5 a nasledovalo dalsi odstfedéni pfi 4 400 rpm/4°C/30 min.
K supernatantu byl pfidan 95% etanol a srazeni B-glukan( probihalo pfes noc pfi teploté 4°C.
Poté nasledovalo odstfedéni suspenze pfi 3 300 rpm/20°C/15 min, pevny podil obsahujici B-
glukany byl poté znovu rozpustén v etanolu a homogenizovan. Po filtraci a promyti etanolem
byly extrakty suseny pfi 45°C po dobu 6 h. Susené extrakty byly namlety na velikost ¢astic 200
um, byla u nich stanovena vlhkost, Cistota (enzymaticko-spektrofotometricky obsah PB-
glukant) a molekulova hmotnost.

Molekulovd hmotnost B-glukanu v extraktech byla stanovena pomoci GPC. Byly pouzity kolony
s polyhydroxymetylmetakrylatovym gelem. Detekce byla zajisténa RI detektorem. Pro
kalibraci byly pouzity standardy pullulanu. Primérné molekulové hmotnosti B-glukan(
extrahovanych z odridy Waxyma byly mirné vys$si (1,9x10°-1,0x10° g/mol), neZ molekulové
hmotnosti B-glukanG extrahovanych z odridy KM 2460-2 (0,9-2,3x10° g/mol). Nejvyssi
pramérné molekulové hmotnosti mély B-glukany extrahované z mouk separovanych z otrub
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vsech sledovanych je¢mend. VySe uvedené hodnoty a rozsahy hodnot molekulovych
hmotnosti B-glukan( jsou vsouladu s hodnotami molekulovych hmotnosti ve vodé
extrahovanych B-glukant uvadénych v literdrnich zdrojich [napfiklad Mikkelsen et al. (2010) a
Papageorgiou et al. (2005) a dalsi]. Rozdil v hodnotach molekulové hmotnosti mize byt dan
genetickymi odliSnostmi mezi studovanymi odrlidami. Molekulova hmotnost polysacharidu
silné zdvisi na predchozich technologickych operacich, extrakci a jejich podminkach (pH,
teplota, doba extrakce atd.) a vlastnim postupu stanoveni (GPC nebo HP-SEC, typ kolony,
standardu, detektoru apod.). Papageorgiou et al. (2005) uvadi, Ze pfi nizsich teplotach (kolem
50°C) se extrahuji prevainé nizkomolekularni frakce p-glukan(. Kritickymi parametry
ovliviujicimi proces extrakce a tim vlastnosti extraktu patfi teplota, pH, doba extrakce,
velikost castic, rychlost michdni a pomér rozpoustédlo : mouka (material).

Pro zvySeni Cistoty extraktu B-glukanu zcelozrnnych mouk byl vyuzZit kombinovany
(modifikovany) postup extrakce a purifikace podle Mikkelsen et al. (2017), Agbenorhevi et al.
(2011) a Ahmad et al. (2010). Ve vodé rozpustné B-glukany byly extrahovany z celozrnnych
jemné mletych jecnych mouk bezpluchych waxy odrid jeCmen(. Byla zvolena optimalni
velikost ¢astic mouky 500 um (P¥iloha 10: Kumbarova et al., 2018). Po odtu¢néni mouky,
opakovanych extrakcich vodnym roztokem etanolu a horkou vodou byl ziskan 1. extrakt B-
glukanu. K purifikaci tohoto extraktu byly vyuzity postupy srdzeni 96% etanolem a enzymové
hydrolyzy, a fada filtraci a odstfedovani. Finalni extrakt B-glukanu byl analyzovan v pevném
stavu pomoci spektralnich metod (FT-IR spektroskopie, 3C a *H NMR spektroskopie) a byla
ovéfena jeho Cistota (Cistota extraktu 85 %). Pomoci GPC byla stanovena primérna
molekulova hmotnost (MW) extrahovaného B-glukanu (hodnoty MW u jednotlivych jecmenl
se pohybovaly od 630 do 680 kg/mol). Po hydrolyze a nasledném stanoveni
monosacharidového slozeni byla potvrzena Cistota extraktu B-glukanu (98% pritomnost
monosacharidu b-glukosy, minoritni pfitomnost b-arabinosy, b-xylosy a D-galaktosy).

U hydrolyzatu extraktu B-glukanu byla provedena metylacni analyza a pomoci GC/MS
vyhodnocen pomér glukosovych jednotek spojenych vazbami ((1,3)/B(1,4). Poméry se
pohybovaly 20 : 80 do 22 : 78. Na zakladé téchto vysledkd (MW a poméry vazeb v molekule)
se daji se ocekdvat specifické funkcni vlastnosti a zdravotni ucinky pfi vyuZiti téchto
bezpluchych waxy potravinarskych jeCmenu k vyvoji potravin pro vyzivu lidi.

Arabinoxylany (pentosany)

Arabinoxylany jsou stejné jako B-glukany strukturni neSkrobové polysacharidy obilovin, které
se vak radi do skupiny heteroxyland (Andersson et al., 2014; Rakha et al., 2010). Casto jsou
arabinoxylany nazyvédny starSim nazvem pentosany. Tvofi je B-(1,4) xylosovd kostra
s arabinosou rizné navazanou bud na druhém, nebo tfetim uhliku. Vedle xylosy a arabinosy
mohu obsahovat arabinoxylany také p-glukosu a nékdy dalsi minoritni stavebni jednotky (b-
galaktosu, b-glukuronovou kyselinu apod.). Jde o pestrou skupinu latek, kterou lIze rozdélit na
arabinoxylany nerozpustné ve vodé, které doprovazeji celulosu v bunéénych sténach, a na ve
vodé rozpustné arabinoxylany tvofici gely a viskdzni roztoky.
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Arabinoxylany rdznych obilovin se lisi ve zplGsobu substituce xylanového retézce a obsahem
arabinosy, resp. pomérem obou cukr(, xylosy a arabinosy. Arabinoxylany jsou slozkou vlakniny
ovliviujici nutri¢ni hodnotu potraviny, technologickou kvalitu (viskozitu tésta a kvalitu chleba
a peciva) a vykazuji pozitivni zdravotni ucinky (zdravotni tvrzeni). Nejvice arabinoxylanll se
nachazi v zrnu Zita (kolem 3-10 %). Arabinoxylany tvofi hlavni slozku vlakniny Zita a vyskytuji
se zejména valeuronové vrstvé 7itné obilky. Zitné mouky obsahuji ptiblizng 4-7 %
arabinoxyland, zatimco pSeni¢né mouky jen 1-3 % (samozrejmeé zaleZi na stupni vymleti a typu
mouky). Rozdily v obsahu jednotlivych sloZek vlakniny v mlynskych vyrobcich souvisi se
stupném opracovani obilného zrna (peeling nebo brouseni, odstranéni obalovych a
podobalovych vrstev) a obsahy narUstaji se stupném vymleti mouk (svétla, polosvétl3,
chlebova mouka). Nejvyssi obsah arabinoxylan( vykazuji tmavé chlebové a celozrnné mouky.

Arabinoxylany lze rozdélit na vodou extrahovatelné a vodou neextrahovatelné a
extrahovatelné v alkalickych roztocich. Vodou a alkdliemi extrahovatelné arabinoxylany maji
rozdilné fyzikdlné-chemické vlastnosti. Primérnda molekulova hmotnost arabinoxylant
psenice se pohybuje zhruba od 220 kg/mol do 260 kg/mol, arabinoxylant Zita od 520 kg/mol
do 770 kg/mol.

PSeni¢né otruby (a nejen pseni¢né) jsou bohatym zdrojem arabinoxylan( (Hell et al., 2015;
Apprich et al., 2014; Priickler et al., 2014). Diky vyznamné produkci otrub (vytéZnost 18-22 %)
jako vedlejsiho produktu mlynského zpracovani by bylo vyhodné AX extrahovat a vyuZit jejich
funkéni vlastnosti pfi vyrobé potravin a fyziologické Ucinky ve vyzivé. Arabinoxylany byly
izolovany z pSeni¢nych otrub (otruby byly zbaveny Skrobu) spojenim alkalické extrakce a
oxidacniho pusobeni peroxidu vodiku pfi teploté 60°C, tlaku 101 kPa po dobu 3 h (Wiege et
al., 2014). Vyuzita byla také opakovana vodna extrakce pfi teploté 160°C, pfi tlaku 101 kPa a
650 kPa po dobu 0,5 h nebo 1 h nebo 2 h. Nasledovaly kroky odstfedovani, dialyzy, a
membranové filtrace a suseni. Podminky extrakce mély vyznamny vliv na molekulovou
hmotnost ziskanych arabinoxylan( (rozmezi MW 11 kg/mol az 220 kg/mol), na vytézek (9,5 a
25,7 %) a Cistotu vysledného produktu (45,1 % a 69,8 %). Jako vyhody pouZiti alkalické extrakce
pfi izolaci pSeni¢nych arabinoxylant Ize uvést praci za nizsi teploty a tlaku, vyssi vytéZznost a
Cistotu ziskaného produktu. Nevyhodou alkalické extrakce bylo dlouhd doba extrakce, pouziti
rady chemikalii a nutnost opakovani filtracnich postupu.

Rozpustné arabinoxylany maji vysokou schopnost vazat vodu (Rakha et al., 2010). Rozdily
v rozpustnosti zavisi na stupni vétveni molekuly. Cim jsou molekuly arabinoxylanG vice
vétvené, tim se zvysuje jejich rozpustnost. VétsSina arabinoxylan( pochazejici z endospermu
Zitné i pSeni¢né obilky jsou rozpustné ve vodé, zatimco arabinoxylany z aleuronové vrstvy a
oplodi jsou ve vodé nerozpustné.

V fadé studii bylo potvrzeno, Ze arabinoxylany ve vodé extrahovatelné maji pozitivni vliv na

pekarskou kvalitu Zitné mouky, zatimco ve vodé neextrahovatelné arabinoxylany kvalitu
mouky ovliviiuji spide negativné (Andersson et al., 2009). Zitné arabinoxylany hraji vyznamnou
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roli pfi starnuti pekarskych vyrobk( (AX zpomaluji retrogradaci Skrobu diky tomu, Ze vazou
vodu a dlouho ji udrzi ve své strukture).

Arabinoxylany obsahuji malé mnozstvi derivatd ferulové kyseliny (1-2 %) (Kamal-Eldin a Aman,
2008). Rezidua ferulové kyseliny tvofi vazbu mezi arabinoxylany a proteiny (zejména
s aminokyselinou tyrosinem) a spolu se Skrobem tak vytvari nosnou strukturu Zitného tésta a
peciva. Vznikly Zitny gel je fyzikalni obdobou pseni¢ného lepku s odliSnymi vlastnostmi, Zitny
gel vznikd za studena a je schopen absorbovat az 200 nasobné mnoiZstvi vody (vaznost
arabinoxylan( je vy$3i neZ vaznost $krobu nebo lepku). Zitny gel je méné pruzny ne? pseni¢nd
lepkova struktura tésta, a proto jsou Cisté Zitné vyrobky vidy hutnéjsi, méné nadychané a tuzsi.

| v pSenicném tésté, zalozeném na tvorbé lepkové struktury maji arabinoxylany (i pres jejich
nizky obsah) vyznamny podil pfi vazani vody.

V porovnani s B-glukany, které snaze podléhaji zméndm pfi technologickych procesech
(napriklad fermentace tésta, peceni, extruze), jsou arabinoxylany pfi fermentaci nebo
tepelnych Upravach stabilnéjsi.

Obecny vliv vldkniny na kvalitu pekarského vyrobku lze uvést v nékolika bodech: zvyseni
vyZivové hodnoty vyrobkl, sniZeni energetické hodnoty vyrobku, snizeni glykemického
indexu, zvySeni vaznosti vody. Problematicky je ale jeji vliv na zpracovatelnost a strukturu
tésta, na objem vyrobku, pruznost a vlacnost stfidy, na senzorické vlastnosti stfidy.
Nejednoznacny je i ¢asto uvadény vliv na prodlouzeni Zivotnosti vyrobku.

Samotné rozpustné arabinoxylany vsak plsobi v pekarenské technologii pozitivné. Pruznost a
vla¢nost stridy zvysuji, vysokou schopnosti vadzat vodu a zadrZovat ji ve stfidé hotového
vyrobku se podileji na prodlouzZeni jeho Cerstvosti.

Pti porovnani fyziologickych ucink( arabinoxylant a B-glukant bylo zjisténo, Ze napftiklad Zitné
arabinoxylany vykazuji vys$si viskozitu ve stfevé, nezZ je¢né nebo ovesné B-glukany (Salovaara
et al., 2007). Navic bylo zjisténo, Ze Zitné arabinoxylany o priimérné molekulové hmotnosti
kolem 200 kg/mol a uréitém poméru xylos a arabinos v fetézcich arabinoxyland, vyrazné
zvySovaly pfi pravidelné konzumaci Zitného peciva viskozitu stfevniho obsahu.

Dalsi slozky vlakniny

Dalsi nestravené a neabsorbované slozky potravy, jako je napfiklad kyselina fytova, se radi
mezi vlakninu (Delcour a Hoseney, 2010). Kyselina fytova tvofi s vdpnikem, Zelezem, horcikem,
médi nebo zinkem nerozpustné komplexy a snizZuje tak vyuZitelnost uvedenych dvojmocnych
kov.

Popsany vsak byly také pozitivni efekty kyseliny fytové na lidské zdravi (Kumar et al., 2010).
Takové ucinky spocivaji naptiklad v potlaceni tvorby reaktivnich hydroxylovych radikald
katalyzované Zelezem (antioxidacni ucinek — zabranéni peroxidace lipidd). Nejnovéjsi studie
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dokonce uvadi souvislost mezi pfijmem kyseliny fytové a snizenim tvorby ledvinovych kamen
(zabranéni krystalizace vapenatych soli v moci) apod.

Doprovodnymi nutri¢né a zdravotné vyznamnymi latkami spojenymi s vldakninou, které se vSak
v béZnych v obilovinach vyskytuji v niz§im mnozZstvi, jsou polyfenoly (Singh a Sharma, 2017;
Croft, 2016; Inglett et al., 2011; Saura-Calixto, 2011). Uvedené bioaktivni latky plsobi zejména
jako antioxidanty, tj. chrani burnky pred ucinkem volnych radikal( a dalSich reaktivnich
antiproliferacni ucinky proti nadorové linii, prebiotické ucinky a dalsi), které je vSak potreba
dikladné ovéfit. Jsou Slechtény specidlni odrlidy psenice nebo jeémene s barevnym zrnem,
které vykazuji vyssi obsahy aktivnich karotenoidu, anthokyan( nebo xanthofyll (Siebenhandl
et al., 2007).

Zdravotni tvrzeni o prokazanych ucincich vlakniny obilovin a jejich sloZzek

Na zdkladé vysledk rady klinickych studii byla v zemich EU schvdlena zdravotni tvrzeni tykajici
se prospésnych ucinkd vldkniny potravy u jednotlivych obilovin. Povolena zdravotni tvrzeni a
podminky jejich pouZivani podle Nafizeni komise EU ¢. 432/2012, platné od 14. 12. 2012 jsou
nasledné uvedeny (citace): , Vldknina je¢ného nebo psSeni¢ného zrna nebo pseni¢nych otrub
prispiva ke zvySeni mnoiZstvi stolice. Tvrzeni smi byt pouZito pouze u potravin s vysokym
obsahem této vlakniny podle vymezeni v tvrzeni S VYSOKYM OBSAHEM VLAKNINY na seznamu
v priloze natizeni (ES) ¢. 1924/2006“. (poznamka: podle nafizeni EU ¢. 1924/2006, vysoky
obsah vlakniny, potravina obsahuje alespon 6 g vlakniny na 100 g nebo alespon 3 g na 100 kcal
neboli 420 kJ).

,2itnd vldknina pfispiva k normalni €innosti stfev. Tvrzeni smi byt pouZito pouze u potravin s
vysokym obsahem této vldkniny podle vymezeni v tvrzeni S VYSOKYM OBSAHEM VLAKNINY
na seznamu v priloze nafizeni (ES) ¢. 1924/2006".

,Vlaknina pSeni¢ného zrna pfispiva k urychleni stfevniho tranzitu. Tvrzeni smi byt pouZito
pouze u potravin s vysokym obsahem této vldkniny podle vymezeni v tvrzeni S VYSOKYM
OBSAHEM VLAKNINY na seznamu v pfiloze nafizeni (ES) €. 1924/2006. Aby bylo mozné tvrzeni
pouzit, musi byt spotfebitel informovan, Ze pfiznivého ucinku se dosahne pfi pfivodu nejméné
10 g vlakniny pSeni¢ného zrna denné”.

»B-glukany pfispivaji k udrzeni normalni hladiny cholesterolu v krvi. Toto tvrzeni mlze byt
pouzito pouze u potravin, které obsahuji nejméné 1 g B-glukanli z ovsa, ovesnych otrub,
je€mene, je¢nych otrub nebo ze smési téchto zdrojli v kvantifikované porci. Aby bylo mozné
tvrzeni pouzit, musi byt spotfebitel informovan, Ze pfiznivého Ucinku se dosahne pfi pfivodu
3 g B-glukanl z ovsa, ovesnych otrub, jeémene, je¢nych otrub nebo ze smési téchto zdroja
denné”.

,Konzumace B-glukant z ovsa nebo jeCmene jakoZto soucasti jidla prispiva k omezeni narlstu
hladiny glukosy v krvi po tomto jidle. Tvrzeni smi byt pouZito pouze u potravin, které obsahuiji
nejméné 4 g B-glukant z ovsa nebo jemene na kazdych 30 g vyuZitelnych sacharidl v
kvantifikované porci jakoZto soucasti jidla. Aby bylo mozné tvrzeni pouzit, musi byt spotrebitel
informovan, Ze pfiznivého Ucinku se dosdhne konzumaci B-glukanl z ovsa nebo je€mene
jakoZto soucasti jidla“.
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,Konzumace arabinoxylanl z pSeni¢ného endospermu pfispiva ke snizeni zvysené hladiny
glukosy v krvi po jidle. Toto tvrzeni mlze byt pouZito pro potraviny, které obsahuji nejméné 8
g vlakniny z pSeni¢ného endospermu bohaté na arabinoxylany na 100 g vyuzitelnych sacharidt
v kvantifikované porci tvofici soucdst jidla. Na obale vyrobku musi byt uvedeno, Ze prospésny
efekt arabinoxylan(i z pSeni¢ného endospermu je zaruc¢en konzumaci vlakniny z pSeni¢ného
endospermu bohatého na arabinoxylany jako soucast jidla“.
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1.7.4 Prispévek ke stanoveni B-glukand hub a kvasinek

Pfi stanoveni obsahu celkové vldkniny a jejich sloZzek v houbdch nebo kvasinkach se vyuziva
enzymaticko-gravimetrickd metoda (AOAC 991.43, AOAC 985.29), tak jako v ptipadé stanoveni
vlakniny v obilovinach, lusténinach apod. Zatimco pfi stanoveni houbovych B-glukant je tfeba
postupovat odliSnym zpUsobem neZ v pfipadé stanoveni obilnych B-glukand. Jak jiz bylo
zminéno, struktury houbovych a kvasni¢nych B-glukant se lisi. A odlisny je také zplsob
extrakce glukan(, v pfipadé hub se jedna o stanoveni a- i B-glukan(. Princip stanoveni B-
glukant svazbou B-(1,3) nebo B-(1,3)(1,6) pritomnymi v kvasinkach, houbach a dalsich
materidlech a pfipravcich podobného charakteru spociva v postupné kyselé hydrolyze a
depolymerizaci glukanu pomoci H2SO4, nasleduje enzymova hydrolyza (pUsobeni exo-1,3-B-
glukanasy a B-glukosidasy v pfipadé molekuly B-glukanu nebo plsobeni amyloglukosidasy
v pfipadé pritomnosti a-glukanu) za vzniku glukosy. Hydrolyticky uvolnéné glukosy jsou
vzdusnym kyslikem za katalyzy glukosaoxidasou prevedeny na kyselinu glukonovou (Y-
glukonolakton) a peroxid vodiku. Vznikly peroxid vodiku se stanovi chromogennim Cinidlem za
katalyzy peroxidasou. MnoZstvi vzniklého barviva je pfi dodrzeni podminek Umérné mnozstvi
glukosy. Obsah glukosy je poté spektrofotometricky proméren pfi vinové délce zareni 510 nm.

Plodnice (klobouky a tfené) hub Pleurotus ostreatus a Pleurotus eryngii byly studovany jako
potencialni zdroje glukanl pro vyrobu potravinovych doplikd (Pfiloha 3: Synytsya et al.,
2008). Enzymovda analyza potvrdila vyznamné rozdily v obsahu glukan a vldkniny u
sledovanych druh( hub. Ve vétsiné pripadl tfené obsahovaly vice B-glukan(i a nerozpustné
vlakniny nezZ klobouky, avsak mohlo dojit k navyseni vypoctenych hodnot obsahu B-glukant
v nasledku rezistence a-1,3-glukant vici enzymUm v komerénim analytickém setu [8-Glucan
(Yeast & Mushroom) Assay Kit]).
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1.8 Vliv technologickych postupi zpracovani obilovin na skrob a
neskrobové polysacharidy

Mlynské zpracovani obilovin (Uprava zrna pred mletim a vlastni dezintegrace), fermentacni
technologie (pfiprava kvasu, a zrani a kynuti tésta), peceni, extruze a technologické postupy
skladovani polotovard a hotovych vyrobk( jsou vyznamné procesy cerealni technologie, které
mohou v rizném rozsahu ovlivnit obsah, sloZeni a vlastnosti vlakniny a Skrobu (Slukova a
kolektiv, 2016). Béhem jednotlivych technologickych operaci mize dochazet ke snizeni nebo
naopak zvyseni obsahu vlakniny nebo jejich sloZzek, ke zméné poméru rozpustné a nerozpustné
slozky vlakniny, fyzikdlnich vlastnosti, zméné stupné polymerace polysacharidd, vazeb a
struktury molekuly, tvorbé rezistentniho Skrobu apod. Dochazi také, coz je z nutricniho
hlediska velmivyznamné, ke zméné biologické dostupnosti nékterych hlavnich i doprovodnych
slozek vldkniny.

Primdrnim zpracovanim se rozumi zpracovani obilného zrna (obilky) do formy, ze které je
v nasledném — sekundarnim kroku pfipraveno k pfimému konzumu (Gordon a William, 1994).
NejcastéjSim primarnim zpracovanim je mlynské zpracovani obilovin na mouky a krupice,
které zahrnuje skladovani zrna, jeho ptipravu k mleti, vlastni mleci proces a findlni Upravu
(v€etné baleni) mlynskych produkt( a jejich skladovani. Primarnim zpracovanim muze byt také
vloc¢kovani, povrchova Uprava zrna (loupdni, brouseni, lesténi), hydrotermické opracovani
celych zrn (zdpara, zavarka apod.).

NejbéznéjSim typem sekundarniho zpracovani obilovin je pekdrenské zpracovani mouk, které
zahrnuje skladovani a pfipravu mouk a dalSich surovin na vyrobu chleba, béZzného, jemného a
trvanlivého peciva, finalni Upravu pekarskych produktll a jejich bezpecné skladovani.
Sekundarnim zpracovanim muze byt také vareni, prazeni a kulinarska uprava.

Z pSenice se primarné vyrabéji prevainé mouky a krupice, sekundarné chléb, bézné a jemné
pecivo, cukrarské a pecivarenské hmoty a téstoviny. Druha obilovina v globalnim méritku po
pSenici nejcastéji uzivana pro lidskou vyZivu — ryZze se primarné vétsinou pouze povrchové
upravuje a sekundarné zpracovava kulinarsky (vafenim) pro pfimou konzumaci.

V prvni fazi sekunddrniho zpracovani jde zpravidla o smichani surovin (mouky a dalSich
recepturnich slozek), hnéteni a vytvoreni tésta (suspenze, hmoty) (Delcour a Hoseney, 2010;
Prihoda et al., 2003). Ve vétsiné pripadl maji na strukturu tohoto meziproduktu rozhodujici
vliv hydrokoloidni biopolymery mouky a voda, ¢asto za ucasti lipida a dalSich recepturnich
slozek. Ve druhé fazi sekundarniho zpracovani dochazi ke kypfeni kvasnym plynem CO;
vznikajicim pti fermentacnich déjich (etanolové a heterofermentativni mlécné kvaseni), nebo
CO; uvolfnovanym chemickym kypridlem. Dale nasleduje tvarovani, formovani a povrchova
Uprava téstového kusu, jedna se vesmés o mechanické procesy. A posledni fazi predstavuje
tepelné zpracovani (peceni, smazeni, suseni, vareni). Tepelnych procesq, které se vyuzZivaji pro
sekundarni zpracovani obilovin, je znacné mnozstvi a dochazi zde k rozvoji a inovacim, které
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sméruji k vyssi efektivité a soucasné také vyssi bezpecnosti — tepelné procesy jsou zdrojem
procesni kontaminace (akrylamid, furan a dalsi).

1.8.1 Vyuziti jeCmene

PSenice a Zito jsou zakladni chlebové obiloviny nasi oblasti (Slukova a kolektiv, 2016). PSenice
je svétové nejvyznamnéjsi surovinou pro ceredlni Ucely. Pozornost je tfeba vénovat i dalSim
obilovindm (pSenice Spalda, jeémen, Cirok), a pseudoobilovinam (pohanka). Pouzitim téchto
netradicnich obilovin vede k rozsifeni sortimentu ceredlnich vyrobkd, vyrobku, které mohou
vykazovat vyssi vyZivovou hodnotu (vyssi obsah vldkniny, vyssi obsah bioaktivnich latek, nizsi
obsah Skrobu) a v pfipadé pseudoobilovin zvazit vyznam bezlepkovych vyrobkd.

JeCmen, je tradi¢ni euroasijska plodina, kterd u nds byla historicky vyuzivana v cerealni
technologii pro vyrobu mouk a peciva. Toto jeji pouZziti prakticky upadlo a je¢cmen byl
doneddvna v nasem potravinarstvi chapan témér vyhradné jako sladovnicka surovina. Diky
vySSimu obsahu vldkniny ve srovnani s pSenici a zejména jeji slozky B-glukani zajem
o zpracovani je¢mene pfi vyrobé chleba v poslednich letech stoupa (Baik et al., 2008).

Skupina ,Renesance je¢mene v lidské vyZivé“ (pracovni skupina v rdmci Ceské technologické
platformy pro potraviny, CTPP PK CR) méla za cil informovat producenty a spotfebitele
ojemeni a jeho zdravotnich Ucincich, zvysit zdjem a rozsifit povédomi o zdravotné
prospésnych slozkach jecmene, o moznosti péstovani novych odriid je¢mene vhodnych pro
potravinarské ucely (mimo sladovnictvi), a o modernich postupech zpracovani a vyvoji novych
vyrobku z je¢mene.

Vétsi rozsah vyuziti jecmene mohou nabizet nové, slechténé odrlidy bezpluchého (nahého)
je€mene, u kterého odpada problém s odstrafiovanim pluch, coz vede k vyraznému snizeni
vyrobnich naklad( (Vaculovd, 2014). Vysledkem dlouhodobého Slechténi (spolecnost Agrotest
fyto, s.r.o., Kromériz) jsou k dispozici specialni bezpluché odridy jecmene (vétsinou jarniho)
s vyssSim obsahem PB-glukanl nebo s waxy typem Skrobu. Tyto odrldy potravinarského
je€mene byly pouzity k pripravé kasi, misli smési, viocek a lupinkd do snidafiovych smési, celé
nebo lehce obrousené jecné zrno bylo pouzito k pfipravé zdpary, fermentovanych je¢nych
perlicek (jako pridavek do masnych vyrobk( a syr(i), k zpracovani na mouky nebo vybér
mlynskych frakci k vyrobé chleba a peciva (vicezrnny chléb a béiné a jemné pecivo
s jemenem), véetné kulindrni Upravy, specialnich je¢nych kvas(, k vyrobé extrudovanych
jeénych mouk (slouzi jako polotovary v gastronomii), extrudovanych tyc¢inek a chlebd, nebo ve
formé extrudovanych drobnych tvarl (jako pridavek do jogurtll), jeCnych téstovin apod.
(Slukova et al., 2014; Slukova et al., 2013).

Uvedena problematika analyzy a vyuziti novych odrld je¢mene byla feSena v rdmci projektQ
,Nové postupy pro vyuziti zemédélskych surovin a produkci hlavnich druh( potravin
zvysujicich jejich kvalitu, bezpecnost, konkurenceschopnost a vyzivovy benefit spotrebitell
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(Ql111B053) a ,Vyvoj novych plodin s cilem produkce potravinarskych vyrobkd s vysSsi
vyZivovou hodnotou (QJ1610202).

1.8.2 Hydro(termicka) uprava

Pti standardnim zpracovani pSenice a Zita se pouZiva pouze pfidavku vody a ¢asu (nakropeni a
odlezeni), bez zahtevu (Slukova et al., 2017). Pfi vyrobé vlocek (nejen ovesnych) je naopak
fizena temperace (kondicionovani), spoluplsobeni vihkosti a tepla, nezbytné. Vidy se jedna o
procesy zalozené na hydrokoloidnich vlastnostech biopolymer( (polysacharidi a proteina). Pfi
spravnim vedeni hydrotermickych proces( dochazi k vyznamnym mechanickym zménam ve
strukture zrna (zejména poruseni soudrznosti endospermu s obalovymi vrstvami i klickem),
intenzivnimu bobtnani Skrobovych zrn, oslabeni soudrZnosti kvarternich struktur
hydrokoloid( vedouci ke zméné textury zrna. Uvedené zmény zasadné ovliviuji efektivitu
primarniho, zejména mlynského zpracovani, a urcuji jakost produktl (napfiklad aktivace
amylolytickych enzym a proteas s naslednym vlivem na fermentacni procesy pfi zrani a kynuti
tést).

Novymi postupy prace s obilim pred dalSim zpracovanim je vyuziti rGznych typ hydrotermické
Upravy zrna. Jedna se o procesy fizeného vlhéeni a maceni zrna, jeho temperaci, ohfev a
vareni. Dochazi ke zlepSeni senzorickych vlastnosti zrna a moznému zvyseni vyuZitelnosti
nékterych bioaktivnich latek.

Intenzivnim ohfevem zrna ve vodé po dobu nékolika hodin se ziskd produkt zdpara (pti teploté
50°C) nebo zdavarka (pfi teploté 65°C) (Slukovda a Smrz, 2012). Béhem Upravy dochazi
k bobtnani a hydrataci sloZzek zrna, textura zrna se stava mékdéi a lehce Zvykatelna, aktivuji se
enzymy a produkty hydrolyzy polymeru prispivaji k tvorbé aromatickych latek. Takto upravena
zrna mohou byt pridavana do receptury vicezrnnych chleb( a k dalSim ucéeldm sekundarniho
zpracovani.

Rizené postupy hydrotermické tpravy, maceni a kli¢eni obilnych zrn vedou ke zméné obsahu
a struktury oligosacharidli, skrobu a neskrobovych polysacharidi. Vedle biochemickych
procesl (aktivace a plisobeni enzym{, tvorba nizkomolekuldrnich fermentovatelnych latek a
jejich zapojeni do dalSich reakci, uvolnéni substratl pro vznik senzoricky vyznamnych latek,
vznik exopolysacharidy a oligosacharid(l) hraji roli i fyzikdIni projevy (hydratace, bobtnani a
mazovaténi, tvorba nizkomolekularnich ve vodé rozpustnych latek). Biologicka dostupnost
latky je ovlivnéna jeji vstfebatelnosti, coz souvisi s fyzikalné-chemickymi vlastnostmi dané
latky (struktura, molekulovda hmotnost, rozpustnost, schopnost vazby na proteiny nebo

peptidy).

Béhem maceni je¢mene doslo k aktivaci a narust aktivity a-amylasy i B-amylasy. Potravinarské

evvs

maceni doslo k poklesu obsahu Skrobu i bilkovin. Pomoci SEM byly pozorovany zmény ve
strukture Skrobovych granuli. Macené a naklicené jeCmeny, resp. jejich upravené suspenze by
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byly vhodnou alternativou ke komerénim enzymovym preparatiim vyuzivanych v pekarenské
technologii.

1.8.3 Proces mleti

Vlastni proces mleti obili je zaloZzen na drceni meliva a tfidéni vzniklého produktu (Slukova et
al., 2017). Tyto dvé operace tvofi zakladni jednotku celého vyrobniho procesu, ktera se nazyva
mleci chod neboli pasaz. Drceni meliva probiha v prevainé mife na valcovych stolicich, které
vétSinou sestavaji ze dvou dvojic mlecich valch. Témér kazdd dvojice valcl se lisi svymi
parametry (Upravou povrchu aj.), tzn., Ze drceni na kazdé ze dvojic valcl probiha ponékud
jinak. Pocet téchto dvojic odpovida poctu mlecich chod(i. Na prvni dvojici valc se vede
samotné zrno a tento mleci chod nazyvame prvni Srot. Po prichodu valci vznika heterogenni
sypkd smés, ktera je tfidéna do nékolika frakci na rovinném vysévaci nebo ¢isti¢ce krupic. Cast
frakci se vede pfimo do produktll, vétSina vSak postupuje jako melivo na dalsi mleci chody.
V pSeni¢ném mlyné jich byva cca 15-20 a délime je na $rotové, lustici a vymilaci. Zitné linky
sestavaji vétsinou ze 7-8 chodd.

Z plvodniho zrna se tak ziskavaji krupicné a moucné (jedlé) produkty a otruby (sloZzené
predevsim z obalovych vrstev) a kli¢ky, coZ jsou produkty tradi¢né oznac¢ované jako krmné, coz
ovsem zcela neodpovidad skutecnosti a modernimu pohledu na jejich nutriéni vyznam.
Chemické sloZzeni meliva i smési po drceni je totozné, vyrazné je odlisna jejich struktura neboli
granulace.

Vyzivova hodnota mlynskych frakci se lisi podle tzv. stupné vymleti, ktery je ddn mirou vytézeni
pozadovaného produktu z obilného zrna. Stupen vymleti se nejcastéji poznd podle obsahu
popela, proteinl a stupné poskozeného Skrobu, pficemz s vy$sim stupném vymleti se zvySuje
obsah popela, obsah proteinl i podil poSkozeného $krobu. To je dano vy$Sim zastoupenim
obalovych a podobalovych vrstev v produktu (mouce) a delsi expozici meliva mechanickému
namahani.

Dezintegraci obilného zrna dochazi k mechanickému poskozeni skrobovych zrn, kterd jsou
poté snadnéji enzymové narusovana. Poskozeni Skrobu mlze nastat také v dusledku zahrevu
mezi valci valcové stolice (teplota zde dosahuje bézné pres 80°C), presto, Ze je mu melivo
vystaveno jen na nékolik sekund. Skrobové zrna mohou byt pomackand a potrhana, ¢aste¢né
i zmazovatéld. Stupen poskozeni Skrobu ma dvoji vyznam. Z hlediska pekarenské technologie
je do jisté miry Zadouci pro dostatecné rychlou a hlubokou fermentaci kvasl a tést.
Z nutricniho hlediska vsak vyssi stupen poskozeni znamend také jeho rychlejsi resorpci
v organismu a tudiz vyssi glykemicky index mouk a vyrobkd z nich.

Jednim z vyzkumnych Ukol( pracovni skupiny ,Renesance jeémene” bylo posouzeni kvality
mouénych frakci z je€mene a nalezeni frakci svysSi vytéZnosti, vhodnymi pekafskymi
vlastnostmi a zaroven i vyvazenou nutri¢ni skladbou (PFiloha 4: Velebna et al., 2012; Slukova
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et al., 2012). Porovnavany byly frakce z odridy bezpluchého potravinarského jeCmene
s vy$8im obsahem B-glukand s frakcemi z pluchaté sladovnické jeémene péstované v CR. Mleti
je€mene probihalo na Zitném mlyné s predstihem valca 1:3, po Cisténi, loupdni a jednom
obrouseni je¢ného zrna. Vybranymi analytickymi metodami byl v jeénych frakcich stanoven
obsah celkové vlakniny, B-glukan( a celkového Skrobu. Dale byla promérena FT-IR spektra
mlynskych frakci (KBr tableta, stfedni IR oblast, pocet skenl 64), ktera byla zpracovdna
metodou multivaria¢ni analyzy. Byly vybrany nutri¢né a technologicky zajimavé frakce (frakce
s vysokym obsahem p-glukanl a celkové vldkniny a s vySSi vytéZnosti) pro vyuZziti
v pekdrenském pramyslu. Spojenim infradervené spektrometrie a statistické analyzy byly
frakce roztfidény do pfislusnych shlukd podle jejich odliSného chemického sloZeni (zejména
podle rozdilného obsahu celkové vldkniny potravy, B-glukan( a celkového skrobu).

Jak jiz bylo zminéno, pro potravinaiské Gcely jsou $lechtény v zahranici i v CR specialni odriidy
je€mene s vyssim obsahem B-glukan(. Nové zdroje jarniho bezpluchého i pluchatého jemene
swaxy i standardnim sloenim $krobu péstované vCR byly porovnavany se
zahrani¢nimi odrldami (Pfiloha 7: Wiege et al., 2016). Byla ziskana rada mlynskych frakci a
otruby, které se liSily mezi sebou vytéZznosti a chemickym sloZzenim. Nejvy$si obsahy
arabinoxylant, celkové, nerozpustné i rozpustné vlakniny byly stanoveny v otrubach, pricemz
hodnoty nalezené v celozrnné je¢né mouce odpovidaly zhruba hodnotdm nalezenym v mouce
z vymilacich otrub. Potésujici zpravou bylo, Ze ¢eskd odrida jeCcmene se standardnim sloZzenim
Skrobu (oznaceni KM 1057) méla nejvyssi obsah arabinoxylan( (11,4 %), celkové vldkniny (44,5
%) a nerozpustné vlakniny (36,4 %). Tato odrlida byla doporucena pro primyslové testovani.

U souboru 34 vzorku pSeni¢nych, zitnych, je€nych mouk a jejich smési byly stanoveny vyzZivové
a technologicky vyznamné parametry urcujici kvalitu mouky (vlhkost, popel, sorpéni kapacity-
SRC, obsah a kvalita proteind, zastoupeni jednotlivych frakcionace proteint dle Osborna,
obsah celkového a poskozeného skrobu, obsah vldkniny a B-glukant) (Pfiloha 5: Slukova et
al., 2012; Velebna, 2011). Spojenim vysledk( kvalitativni analyzy a spektralnich dat (FT-IR
spektra ve stfedni oblastni, transmisni spektra, KBr tableta, oblasti absorpce
charakteristickych funkénich skupin Skrobu, vldkniny a proteind) vyhodnocenych multivariaéni
PCA analyzou byly moZné rozttidit jednotlivé typy mouk a jejich smési do 3 skupin (pSenice,
smési, a Zito a je¢men). Skupiny vykazovaly navzajem rozdilné vyZivové a zpracovatelské
vlastnosti. Zaroven byly potvrzeny statisticky vyznamné pozitivni korelace mezi obsahem B-
glukant a obsahem rozpustné vldkniny (Holtekjglen et al., 2006), mezi obsahem TDF a
hodnotou sorpc¢ni kapacity ve vodé a obsahem B-glukanl a hodnotou sorpcni kapacity
v roztoku sacharosy. Negativni korelace byly zjistény mezi obsahem vlakniny a Skrobu.
Zavérem lze shrnout, Ze spojeni spektralni analyzy a vybrané statistické metody zpracovani
dat se osvédcilo jako metoda vhodna pro screening kvality mouk a posouzeni jejich funkénosti.
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1.8.4 Vyuziti otrub

Otruby jsou vyznamnym zdrojem vlakniny a dalSich bioaktivnich latek (Stevenson et al., 2012;
Priickler et al., 2014). Pro zajisténi stability a zlepSeni senzorickych vlastnosti pSeni¢nych otrub
bylo vyuZito jejich tepelné zpracovani mikrovinnym zafenim (Galuskova, 2016).
V laboratornich podminkdach byly pfipraveny chleby s pfidavky otrub 0 az 20 % (vztazeno na
mouku). U skupiny dobrovolnikli byla sledovana glykemie po konzumaci chleba s 20%
pridavkem tepelné upravenych otrub. Bylo potvrzeno, Ze se zvySujicim se pridavkem otrub do
tésta dochazi k postupnému snizovani objemu chleba, snizovala se velikost a distribuce por
ve stfidé, ale naopak se zlepSovala homogenita stridy. Vysledky chemické analyzy nativnich
otrub a otrub tepelné opracovanych ukazaly, Ze plsobenim mikrovinného zareni nedochazi
k vyraznym zméndm ve sloZeni otrub. Doslo ke snizeni vihkosti a nepatrnému navyseni obsahu
volnych cukrl u tepelné upravenych otrub. Zhlediska senzorickych vlastnosti a
technologického zpracovani byl pro dalsi analyzy a klinické testovdni vybran chléb s 20%
pridavkem tepelné upravenych otrub. Chléb sice vykazoval drsnéjsi a sussi pocit pfi zZvykani,
byl drobivéjsi, s nepatrné tuzsi stfidou, ale chutové vykazoval pfijemné vjemy v porovnani
s kontrolnim chlebem.

U sledované skupiny zdravych dobrovolnikl (8 Zen, 1 muz, ve véku 18-36 let) se neprokazal
pozitivni vliv vldkniny pSeni¢nych otrub v chlebu na postprandidlni resorpci glukosy.
Glykemické krivky byly méreny dva dny (pro kazdy chleba jeden den) a davka, ktera by méla
obsahovat 50 g sacharidd, byla vypoctena na 120 g testovaného chleba. Vzorky krve na
stanoveni glykemie byly odebirany v nasledujicich intervalech: —15 min, 0, 15, 30, 45, 60,90 a
120 min. Dobrovolnici, ktefi byli rdno nalaéno, konzumovali od ¢asu 0 béhem 5 min
sledovanou potravinu. Glykemie byly vySetfovany pomoci kalibrovaného glukometru, ktery
udava hodnotu glykemie v kapilarni krvi. Je treba uvést, Ze pocet testovanych konzumentu byl
velmi nizky a Ze by bylo vhodné testy provést na podstatné pocetnéjsim vzorku.

1.8.5 Vyuziti fermentace - tvorba kvasl

V ceredlni technologii jsou fermentacni technologie zpracovani obilovin (zejména Zita a
pSenice) na kvasy nebo kvasné stupné tradiéni zaleZitosti jak v CR tak i v zahrani¢i (Ua-Arak et
al., 2016; Katina et al., 2005). Pfidavek kvasu nebo kvasného stupné ovliviiuje vyZivovou
kvalitu, senzorické vlastnosti a trvanlivost pekarskych vyrobk{. V soucasné dobé Ize pozorovat
navrat k fermentacnim procesiim. Zacinaji se zpracovavat i doposud méné tradi¢ni plodiny
(je€men, pohanka, ¢irok).

Béhem fermentace mlynskych produktl dochazi vlivem snizeného pH (produkci organickych
kyselin) ke zméné vlastnosti biopolymera (vaznost, hydrolyza, rozpustnost) a tvorbé novych
sloucenin s prebiotickou a antifungalni aktivitou (Zannini et al., 2009; Poutanen et al., 2009;
Tieking a Ganzle, 2005). Vybrané kmeny laktobacili mohou za specifickych podminek
produkovat exopolysacharidy, které mohou slouZit jako hydrokoloidy a zlepSovat procesy
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tvorby tésta a kvalitu vyrobku. To se odrdzi na zvySeni senzorické, vyzivové kvality a
prodlouzeni trvanlivosti findlniho pekarského vyrobku.

Domnivame se, Ze v pripadé fizené fermentace mouk s vyssim obsahem vlakniny (celozrnnych
jemné mletych mouk) dochdzi k lepsi dostupnosti a vyuZitelnosti sloZzek vlakniny, sloZek
doprovaézejicich vlakninu, véetné bioaktivnich latek. Rizena fermentace ma tak vliv na zvyseni
vyZivové a biologické hodnoty zpracovdvané potraviny.

Vedle spontanné vedenych kvasu se pro iniciaci fermentacnich procest v bézné pekarenské
technologii pouzivaji startovaci kultury (Siepmann et al., 2018; Brandt, 2014; Morrini et al.,
2010; Gobbetti, 1998). Nejstarsi a nejrozsitenéjsi je drozdi, tvorené Cistou kulturou kvasinek
Saccharomyses cerevisiae Hansen, které startuje a nese etanolové kvaseni v bézném pecivu.
Drozdi se pouZziva jak v pfimém vedeni tésta, kde se vSechny suroviny véetné drozdi smisi naraz
(tzv. vedeni ,na zdraz“), tak pro pfipravu kvasnych stupnd, jako jsou omladek nebo polis.
Preparované kultury (Cisté i smésné kultury mlécnych bakterii) se pouzivaji i pro moderni a
zkracené technologie vedeni kvas s dominantni mlé¢nou fermentaci.

PSeni¢né kvasy nebo kvasné stupné vedené za rliznych podminek mohou slouzit jako zcela
zasadni nebo pfinejmensim vyznamna recepturni slozka bézného peciva, toustového nebo
sendvi¢ového chleba apod. Vyhoda vyuzZiti téchto kvasnych produktl spociva ve zlepseni
vlaénosti a meékkosti stfidy peciva a prodlouZzeni trvanlivosti peciva (jak z hlediska
mikrobialniho tak senzorického) (Uresova, 2018).

Novym trendem cerealni technologie je vedeni kvasu z celozrnnych mouk (Adebo et al., 2018;
Gobbetti et al., 2019; de Angelis et al., 2019). Celozrnné mouky jsou hodnotnéjsi z vyZivového
hlediska v porovnani se svétlou nebo chlebovou moukou. Pfi vyuziti celozrnné mouky je tfeba
dbat na zajisténi hygienické (zdravotni) nezdvadnosti, celozrnné mouky z podstaty své vyroby
mohou vykazovat urcitd rizika tykajici se kontaminace (pfima mikrobidlni kontaminace,
kontaminace mykotoxiny a rezidui pesticidd). Na druhou stranu celozrnné mouky mivaji vyssi
podil mikroorganismi ucastnicich se fermentacnich procesli v kvasech (kvasinek a
laktobacilCl), coz mulze byt pozitivné vyuzZito pfi spontannim vedeni kvasd. U kvasU
z celozrnnych mouk byly potvrzeny vyssi hodnoty titracnich kyselosti, vyssi podil fermentaci
vzniklych organickych kyselin (vedle kyseliny mlééné a octové byla kvantifikovana kyselina
Stavelova a propionova) a vyssi antifungalni aktivita (kvasy z celozrnné Zitné a pohankové
mouky) v porovnani se standardnimi kvasy (Tobolova, 2018). Také profil tékavych a
netékavych latek v kvasech z celozrnnych mouk byl pestrejsi.

V ramci vyzkumu byly z Zitné a pohankové mouky vyvadény kvasy s pouZitim dvou typu
startovacich kultur (Zitnd a pSeni¢nd startovaci kultura) (Sadilkova, 2018). Zitny kvas byl
vyvadén dvoustupnové s pridavkem Zitné startovaci kultury, pro pohankovy kvas byla pouzita
jednostupriovd metoda a tento kvas byl pfipravovdn s obéma typy startovacich kultur.
U druhého stupné Zitnych kvasi bylo naméreno pH 4,2, pohankové kvasy mély pH vyssi (4,4).
Nicméneé titracni kyselost byla v pfipadé pohankovych kvasl pfipravenych z pseni¢né
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startovaci kultury srovnatelna s Zitnymi kvasy a pohankové kvasy pripravené z zZitné startovaci
kultury mély vyssi titracni kyselost nez Zitné kvasy. Uvedend skutecnost souvisi s rozdily
v obsahu organickych kyselin stanovenych v kvasech. Pohankové kvasy obsahovaly 1,49-1,51
g kyseliny mlé¢né/100 g, coz bylo vice nez dvakrat vyssi obsah neZ v pripadé Zitnych kvas(
(0,63 g/100 g). Zitné kvasy uz mimo kyseliny mlééné obsahovaly pouze kyselinu octovou,
pohankové kvasy obsahovaly rovnéZz kyselinu octovou a dale i kyselinu Stavelovou a
propionovou.

Vedeni kvasu z bezlepkovych mouk je velkou vyzvou a predmétem soucasného vyzkumu a
vyvoje v cereadlni technologii. Pfi vyrobé bezlepkového chleba a peciva je tfeba jako substrat
kvasnych procesl pouzit jiné druhy mouk nez psenié¢nou, Zitnou ¢i jecnou, které se uplatiuji
v bézné technologii. Vhodné je pouZivat specialné prizplisobené startovaci kultury schopné
rastu v podminkach surovin odliSnych od bézné pSeni¢né nebo Zitné mouky.

Jednou z mozZnosti je zarodecny kvas vyvést z Zitné nebo pSenicné mouky a opakovat jej
pfidavkem mouky bezlepkové. Po nékolika cyklech koncentrace lepku z prvotniho kvasu
klesne i hluboko pod povolenou hranici 20 mg/kg. Vedle vyvadéni bezlepkovych kvast z kultur
Zitné nebo pseni¢né mouky je dalSi moznosti vyvadét kvasy i pfimo z bezlepkovych mouk,
pracuje se zejména s pohankovym kvasem, ale také naptiklad s kvasem amarantovym nebo
¢irokovym (Rézylo et al., 2015; Ogunsakin et al. 2015; Sekwati-Monang et al., 2012; Sekwati-
Monang a Ganzle, 2011; Moroni et al., 2010; Vogelmann et al., 2009).

DalSim inovativnim vyuZitim jeCmene v potravindrstvi je biotechnologické (fermentacni)
zpracovani jeénych surovin (obrouseného zrna a mouky) za Ucasti potravinarsky vyznamnych
mikroorganism( (Mariotti et al., 2014). Kvasy lze pfipravit riznymi zp(isoby. Smichanim hladké
nebo celozrnné jecné mouky nebo jemné mletych jeénych otrub svodou a vybranymi
kvasinkami a bakteriemi mlééného a propionové kvaseni byly pfipraveny tekuté, pastovité i
praskové je¢né kvasy (Priloha 8: Slukova et al., 2016). BEhem fermentacniho procesu vznikly
v je€nych kvasech organické kyseliny s kratkym fetézcem (kvantifikovany byly kyselina mlé¢na,
octova a propionova), které plsobi jako ptirodni konzervacni latky. Maji vliv na inhibici ristu
nezadoucich mikroorganismd v potraviné a prodluzuji tak trvanlivost potraviny. Béhem
fermentace se tvofi fada dalSich latek s antifungalni aktivitou (kyselina fenyloctova, cyklické
dipeptidy, reuterin, bakteriociny a fada dalSich) (Horackova et al., 2018).

Hygienicky (mikrobiologicky) stabilizacni ucinek kvas( spociva v tvorbé dostatecného mnozstvi
antifungalnich latek (prodlouzeni trvanlivosti vyrobku). Produkty fermentace pUsobi pfizniveé i
na zpomaleni starnuti pekarskych vyrobk( (prodlouzeni cerstvosti).

Néktefi spotrebitelé maji v dnesni dobé vyhrady k pouzivani pridatnych latek v potravinach
(znacenych kédem E), kam patfi i konzervacni latky (v cerealni technologii jsou pouzivany
kyselina propionova E 280, propionat vapenaty E 282, kyselina sorbova E 200 a dalsi). Je proto
tendence nejen v pekdrenské vyrobé obsah konzervacnich latek pfi vyrobé potravin sniZovat.
Diky mozZnosti vyuZit pfirozené vzniklé konzervacni latky v cerealnich kvasech se vytvari
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potencial pro vyznamné snizeni nebo Uplné vylouceni pridavku konzervacniho Cinidla ve formé
pridatnych latek. Pridavkem odpovidajiciho mnoistvi kvasu lze docilit pfijatelné senzorické
i mikrobidlni (hygienické) kvality finalniho pekarského vyrobku (Slukova et al., 2016).

U jecnych kvasl byly sledovéany jejich fyzikalné-chemické vlastnosti a vliv pfidavku téchto
kvasli na kvalitu a prodlouZeni trvanlivosti pSeni¢nych toastovych chlebl. Obsah vldkniny
potravy se v je€nych kvasech pohyboval kolem 8 % a obsah B-glukand mezi 4,5 az 6,5 %. Obsah
kyseliny mlééné byl kolem 5 %, obsah kyseliny octové kolem 0,6 % a obsah kyseliny propionové
kolem 0,4 %. Sledované jecné kvasy vykazovaly vyborné sorpcni vlastnosti (zvySena vaznost
vody vedla ke zvySeni vytéZznosti tésta a peciva). Pfi zpracovani tésta zajistily jecné kvasy
rovnomeérnou distribuci vody a jeji pevné navazani ve strukture tésta. Pfi pfidavku jecného
kvasu (10 % na mouku v recepture chleba) byla prodlouzena trvanlivost psSeni¢ného
toustového chleba az na 12 dn(. Delsi trvanlivost chleba byla zajisténa pfirozené vzniklymi
organickymi kyselinami, jejichZ celkovy obsah se ve sttfidé ¢erstvého upeceného toustového
chleba pohyboval kolem 0,5 %. Zpomaleni starnuti chleba bylo zplsobeno zadrzenim vody ve
strukture stfidy chleba diky pfitomnosti vyznamného mnozZstvi rozpustné vldkniny.

Pti pripravé jecnych kvasu bylo také velmi pfinosné zpracovani syrovatky (vedlejsi produkt
mlékarenského pramyslu) (Horackova et al., 2014). Sladka syrovatka diky svému slozZeni
slouzila jako vhodné prostfedi kfermentaci. Pred vlastni fermentaci byla syrovatka
zakoncentrovdna a upravena pomoci reverzni osmodzy (Slukova et al., 2016). Retentat
syrovatky byl vystaven plsobeni Lactobacillus plantarum, Lactobacillus sanfranciscensis a
Propionibacterium freudenreichii subsp. Freudenreichii (podminky fermentace 35°C, 72 h).
PUsobenim bakterii mlé¢ného a propionového kvaseni vzniklo v substratu syrovatky vyznamné
mnozstvi organickych kyselin. Timto zplsobem upravena syrovatka byla podrobena
nanofiltraci, vybrané retentaty a permeaty byly zahustény je¢cnou moukou nebo je¢nymi
otrubami a vyslednd suspenze byla vystavena Setrnému suseni ve fluidni vrstvé (podminky
suSeni 10°C, 30 min). Vysledné praskové jec¢né kvasy (s obsahem kyseliny mlécné 2,47 %,
kyseliny octové 2,06 % a kyseliny propionové 3,59 %, vyjadfeno v hm % v susiné kvasu) byly
davkovany do chlebového tésta. Trvanlivost toustovych chleb( s pridavkem je¢ného kvasu
byla 14 dni.

Uvedené nové postupy byly testovany a ovéreny v poloprovozu a jsou momentalné vyuzivany
spole¢nostmi MILCOM, a.s., Tabor a Zeelandia, spol. s r.o., MalSice.

Ovérena technologie ,Testovani nové navriené technologie na vyrobu fermentaci upravenych
je€nych polotovart” spocivala v navrhu a ovéreni procesu vyroby a analyzy jecnych kvasi
(inaktivni, tekuté nebo zahusténé kvasy) (Slukovd a Smrz, 2014a). Konkrétné se jednalo
o Upravu varné technologie jeénych zapar, vybér specifickych druhl mikroorganism(
k fermentaci je€nych surovin a optimalizaci podminek fermentace. Déale bylo provedeno
hodnoceni sloZeni a reologické vlastnosti pripravenych suchych jecnych kvasl a sledovan vliv
pridavkd suchych kvas( na finalni pekarské vlastnosti mouk. Jecny kvas a je¢na zapara byly
vyuzity jako zaklad k vyrobé kvasového vicezrnného chleba s hlavnim cilem navysit pridavek
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jeCmene do chleba. Chléb s je¢nymi polotovary mél vyssi obsah vlakniny a rozpustnych beta-
glukanl, po pridavku fermentaci upraveného jecmene ve formé kvasu a zapary doslo
k vylepSeni senzorického profilu chleba a k prodlouzeni jeho trvanlivosti v porovnani
s chlebem s pridavkem samotné neupravené je¢né mouky. Sucha smés jecného kvasu a smés
se zaparou byly nabidnuty na trh jako pekarské smési s vy$Sim podilem je€mene.

Poloprovoz ,, Ovéreni technologického postupu vyroby novych jec¢nych produktl s pridavkem
ovoce a zeleniny” spocival v uplatnéni a vyuZiti biotechnologického zpracovani je¢mene
(jecnych surovin) a ovoce nebo zeleniny (mrkev), konkrétné ve vyuziti odpad( pfi zpracovani
ovoce (jablka-jable¢na pasirka, visen-visnova pasirka, pasirka z hrusky) (Slukova a Smrz, 2012;
Slukova a Smrz, 2014b). K jecné suroviné byl pfidan vybrany druh zeleniny nebo ¢asti ovoce,
probéhla fermentace smési, a nasledovalo suseni finalniho produktu (forma platk( nebo
jemné drté). Jednalo se o vyvoj nového je€no-ovocného (resp. je€no-zeleninového) produktu
se zvySenou vyzivovou hodnotou a feSilo se uplatnéni tohoto produktu v mlékarenském
pramyslu (soucast slouZici k dochuceni jogurtl a tvaroh() a v ceredlni oblasti (soucast misli,
musli tyCinek, snidafiovych smési).

Vyvoj a testovdni jecnych fermentovanych produktli probihalo nejen ve vlastnich
laboratornich a vyrobnich prostorech spolec¢nosti MILCOM, a.s. Tabor a Zeelandia, spol. s r.o.
MalSice, ale také na pracovistich v zahrani¢i (Holandsko, Némecko, Francie). Uvedena
pracovisté disponuji a pronajimaji pfislusné poloprovozni zatizeni. Do poloprovozu byly
zarazeny unikatni technologické a strojni prvky, které nebyly doposud v takovém méritku
vyuzivany. Konkrétné se jednalo o suseni horkym vzduchem ve fluidni vrstvé a suseni pomoci
indukéniho ohfevu.

Poloprovozni zafizeni jsou pfipravena na vyrobu o rlizné kapacité a aplikace jsou prenositelné
do vétsiho provozu.

1.8.6 Procesy pri tvorbé tésta (miseni, hnéteni, zrani a kynuti)

Pekarska tésta mohou byt vytvorena nékolika zplsoby, jako pfiklad budou uvedeny dva hlavni
zpUsoby vedeni tésta. Pfimé vedeni tésta (tzv. ,na zaraz“), jedna se zejména o vyrobu bézného
peciva a chleba kypreného drozdim. VSechny suroviny jsou v tomto pripadé davkovany naraz
do hnétaciho stroje (Pfihoda et al., 2003).

Neprimé vedeni tésta, tj. vyroba chleba nebo peciva s kvasnym predstupném - bud
s pfirozenym kvasem, nebo, v pfipadé, vyroby bézného peciva s tzv. vedenim ,na rozkvas“
nebo ,na omladek”. V tomto pfipadé pfinejmensim ¢ast mouky prochazi nejprve kvasnym
(pfed)stupném a teprve poté jsou davkovany dalsi suroviny.

Tésto je velmi sloZity heterogenni systém s obsahem hydrofilnich i hydrofobnich sloZek.
Zasadni je postupné bobtndni proteinl, Skrobu a rozpustné vlakniny s vodou. V oxida¢nim
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prostiedi (diky vzdusnému kysliku nebo vlivem dalsSich oxidantll) dochazi k vzajemnému
propojovani retézci makromolekul psSenic¢nych proteint a tvofi se pruzna a pevna nosna
trojrozmérna sit pseni¢ného lepku.

U Zitné mouky se tésto tvofi propojovanim retézcl proteind a pentosanU a i dalSich
polysacharid(, oxidacni prostredi (vzdusny kyslik) podporuje tvorbu typické struktury Zitného
tésta. Vyznamnou roli zde hraji také molekuly ferulové kyseliny navdzané na pentosany, které
pseni¢nou. To je ddno, mimo jiné, i technologii mleti v Zitnych mlynech. Zitné tésto je pastovité
a nevykazuje taznost a pruznost pseni¢nych tést a zitny chléb a pecivo maji mnohem hutnéjsi
strukturu.

PFi zrani a kynuti tésta probihaji vyznamné biochemické zmény. Jak jiz bylo stru¢né zminéno,
béhem fermentace tésta dochazi k hydrolyze Skrobu, pficemz maltosa se stava substratem pro
mikroorganismy. Jde o mikroorganismy preexistujici v mouce, které se mnozi pfi vyvadéni
spontanniho kvasu, nebo dodané ve formé drozdi ¢i specidlnich Zivych kvasl. Produkty
fermentace jsou plyn oxid uhliity, etanol a dalSi alkoholy, organické kyseliny (zejména
kyselina mlé¢na a octovd), aldehydy, ketony a fada dalSich aromatickych latek. Fermentaci
vytvorené organické kyseliny sniZuji pH tésta, coz vede k lepsi vyssi vyuZitelnosti nékterych
minerdlnich latek, ke zlepSeni vyuZitelnosti proteinl a zlepseni kvality lepkové sité. Zaroven
tyto kyseliny plsobi jako ptirozené stabilizatory a konzervacni latky. Navic byl v tésté
detekovan mikrobidlné vytvoreny lysin, z vitaminU kyselina listova a pyridoxin. MUzZzeme tedy
usuzovat, Ze proces fermentace tésta ma nejen zasadni technologicky efekt, ale mize také
zvySovat nutriéni hodnotu. Pisobenim endogenni [3-glukanasy dochazi pfi delsi fermentaci
tésta ke snizeni molekulové hmotnosti 3-glukand.

Funkéni vyznam obilnych sacharidt pfi tvorbé tésta a ve vyrobku

Bobtnani a mazovaténi skrobu je jednim z klicovych procest béhem tvorby a zrani tést a pfi
peceni (Slukova a kolektiv, 2016). Po zchladnuti peciva dochdzi k retrogradaci Skrobu. Prestoze
v tésté neni dostatek vody, aby bobtnani a nasledné zmazovaténi probéhlo v plném rozsahu,
jsou tyto procesy urcujici pro tvorbu stfidy peciva a dosazeni jeji optimalni struktury a textury.
Retrogradace Skrobu se pak zasadni mérou podili na starnuti peciva.

Role $krobu pfi tvorbé tésta je vyznamna. Skrob jako majoritni slozka mouky a tésta, je
schopen navazat urcité mnozstvi vody (za studena ale relativné méné, vyznamnéji vodu vazou
zejména poskozena Skrobova zrna). Amylosa, diky hydrofobnimu charakteru vnitrku
Sroubovice, kterd je zdkladem sekundarni struktury jeji molekuly, umoziuje tvofit velmi
stabilni inkluze s mastnymi kyselinami (s lipidy a emulgatory). Bohaté rozvétvené molekuly
amylopektinu maji tuto schopnost v mensi mite. (Amylosa proto napfiklad také méné snadno
podléhd enzymové hydrolyze).

Pfi fermentaci tésta je Skrob pro mikroorganismy (kvasinky a bakterie) zdrojem zkvasitelnych
cukrl (zejména ve formé maltosy a glukosy). Pro tvorbu jednoduchych cukri ze skrobu je tudiz
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vyznamna aktivita amylolytickych enzym(. Ta musi dosahovat urcité urovné. Pokud je pfilis
nizkd, zrani a kynuti je pomalé, nékdy nedostatecné pro dosazeni objemu peciva. V takovém
pripadé se amylasy dodavaji ve formé zlepsujicich pfipravk(. Pokud je ale aktivita pfilis vysoka
(porostlé obili, nebo predavkovani pripravkd s amylolytickou aktivitou), tésto zraje pfilis
rychle, roztéka se, lepi a mliZe se stat prakticky nezpracovatelnym.

Pti peceni a chladnuti pekafského vyrobku hraje Skrob opét vyznamnou soli. Pfi pe¢eni dochazi
k ¢asteCcnému mazovaténi nabobtnalych Skrobovych zrn (velka ¢ast Skrobovych granuli viak
zUstane pfi peceni nezmazovatéld) a tvorbé skrobového gelu. V tésté vsak neni dostatek vody
potfebné krozsahlejSimu mazovaténi Skrobu, k mazovaténi dochazi jen na povrchu
poskozenych Skrobovych zrn. Voda je ve strukture zmazovatélého skrobu pevné vazana, coz
ma za ndasledek udrzeni vlaénosti stfidy hotového pekarského vyrobku.

Béhem chladnuti a skladovani pekarského vyrobku dochdzi k postupnému houstnuti
trojrozmérné sité vzniklého skrobového gelu, k vytlacovani molekul vody ze Skrobového gelu
do okoli a k povrchu vyrobku, ve strukture Skrobu se vytvareji semikrystalické struktury. Tento
proces nazyvame retrogradace a je hlavnim Cinitelem v procesu starnuti chleba a peciva.
Retrogradace zpUsobuje vytlacovani molekul vody z vnitini struktury skrobového gelu a jeji
migraci ze stridy vyrobku. BEhem tohoto procesu ztraci stfida vlaénost a pruznost a tuhne,
povrch klrky vihne a ztraci kfehkost.

1.8.7 Procesy peceni, prazeni a extruze

Béhem tepelné Upravy suroviny/potraviny dochazi ke zméné struktury a sloZeni vétsiny
polysacharidi véetné vlakniny. Potravinarsky vyznamnymi procesy probihajici za vysoké
teploty jsou peceni, prazeni a extruze (Pfihoda et al., 2003).

Proces peceni ma zcela zasadni vliv na vyZivovou i senzorickou hodnotu findlniho pekarského
vyrobku. V pocatecni fazi peceni nastdva vlivem tepla denaturace protein( (coz vede ¢astecné
ke zlepsSeni jejich stravitelnosti), zvysSuje se intenzita bobtnani a zacind probihat mazovaténi
Skrobu (rychleji u poskozeného Skrobu) a zacinaji probihat také reakce neenzymového
hnédnuti. V dalSich fazich peceni probihd dalsi mazovaténi a zejména na povrchu vyrobku
vystaveném vysokym teplotam (teplota povrchu peceného kusu se pohybuje mezi 150-200°C
v zavislosti na zplUsobu peceni) probihaji reakce neenzymového hnédnuti velmi intenzivné.

U potravin s vysokym obsahem skrobu, kam pekarské vyrobky patfi, dochazi pti Maillardové
reakci pri vysokych teplotach také k tvorbé akrylamidu. V pekafskych vyrobcich se akrylamid
tvori pouze v klrce, kde teplota dosahuje vysokych hodnot, a proto jeho koncentrace v celém
vyrobku byva zanedbatelna.

U nékterych typl pekarskych vyrobk( se mize béhem peceni (ale i béhem extruze a i pfi
skladovani vyrobk() tvofit rezistentni Skrob, ktery vykazuje vlastnosti vlakniny. Resistentni
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Skrob je definovan jako suma skrobu a produkt( degradace skrobu, které se netravi v tenkém
stfevé clovéka, ale mize byt fermentovana mikroflérou v tlustém strevé.

PraZeni je jednim z vyraznych tepelnych procesu, které maji vyznamny vliv na zménu slozek
pfislusné potraviny (Regnerova, 2006). V rdmci jednoho z nasich experiment( byla oloupand
semena lupiny bilé podrobena prazeni v primyslovém méritku (teploty 120°C nebo 140°C,
doba 1, 2 nebo 3 h) a poté rozdrcena na mouku. Poté byly sledovany zmény v obsahu
rozpustné, nerozpustné a celkové vlakniny béhem téchto tepelnych Uprav. Pokusy byly
opakovany a vysledky statisticky zhodnoceny. Pfi teplotdch 140°C a 160°C doslo
k vyznamnému témér dvojnasobnému zvyseni obsahu rozpustné vldakniny, k sniZzeni obsahu
nerozpustné vldkniny (10% snizeni) a mirnému zvyseni obsahu celkové vlakniny v prazenych
moukach (8% zvyseni) v porovnani s tepelné neupravenou moukou. Nejvyraznéjsi zmény
obsahu sloZzek vldkniny byly zaznamenany mezi 1. a 2. h praZeni. Mouka z prazené lupiny byla
pridana do receptury béiného peciva (pfidavek mouky z prazené lupiny 10 % vztaZeno na
mouku) a byla provedena senzoricka analyza peciva s pfidavkem mouky z prazené lupiny a
peciva bez pridavku. Pecivo s pridavkem mouky z prazené lupiny vykazovalo matnéjsi kirku
Zlutohnédé barvy, stfida méla nepatrny Zlutavy nadech a rovhomérnou porozitu, chut peciva
byla vyraznéjsi, plnéjsi, zaroven jemnéjsi, sladsi s mléénym nadechem v porovnani s pecivem
bez pfidavku.

Fyzikdlné-chemické reakce probihajici béhem extruze (termomechanicky proces, pusobeni
tlaku, teploty a stfihovych sil na zpracovdvanou surovinu po velmi kratkou dobu) zavisi
zejména na vlastnostech vstupniho materidlu, procesnich podminkach (typ extrudéru,
rychlost plnéni extrudéru, rychlost otaceni, tvar a konfigurace Sneku extrudéru, pomér vody a
suroviny, a dalSi parametry). Extruze zpUsobuje nevratné zmény v obsahu a strukture slozek
mouky, dochazi k mazovaténi a depolymerizaci Skrobu, ¢aste¢né depolymerizaci vlakniny a
hluboké denaturaci a destrukci protein(i, coz vede ke sniZeni jejich molekulové hmotnosti
slozek, k poklesu viskozity Skrobu a vldkniny, ztraté plvodnich fyziologickych ucinkl a
biologické aktivity, zaroven se tvofi nové komplexy sSkrob-lipid, protein-lipid a protein-protein,
pozorovano bylo také zvySeni rozpustnosti vlakniny a Skrobu (Sozer a Poutanen, 2013).

Autofi (Comino et al., 2016; Sozer a Poutanen, 2013; Gajula et al., 2008; Vasanthan et al., 2002
a dalsi) zjistili, Ze béhem extruze obilnych mouk nastavaji zmény v rozpustnosti sloZzek, snizeni
obsahu nerozpustné vldkniny (IDF) a celkové vldkniny (TDF) a navySeni obsahu rozpustné
vlakniny (SDF). V extrudované potraviné na bazi obilovin byl opakované zjistén vyssi ubytek
IDF, nez bylo zvySeni hodnoty SDF, coZ bylo vysvétleno ¢astecnou preménou celulosy na frakce
SDF s nizsi molekulovou hmotnosti. Tyto frakce mohly byt ddle degradovany na
nizkomolekularni slozky a az na derivaty cukrq, které jiz nebyly jako vlaknina stanoveny (Gajula
et al., 2008). Nékdy mulze také béhem extruze dojit k navySeni TDF vznikem rezistentniho
Skrobu (RS) nebo nestravitelnych produkti Maillardovy reakce. Comino et al. (2016) uvadi, ze
béhem extruze doslo ke zvySeni vodou extrahovatelnych arabinoxylant (AX) v pSeni¢ném a
Zitném extrudatu a zvySeni vodou extrahovatelnych B-glukan( (BG) u extrudatd z jeCmene,
pSenice i Zita. V této studii uvadi, Ze béhem extruze nedoslo k vyraznym zménam ve strukture
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ani obsahu AX a BG. Zvysenou extrahovatelnost BG po extruzi a praZeni potvrdila rovnéz
skupina autortd Gujral et al. (2011) a Sharma a Gujral (2013).

V ramci prace (PFiloha 9: Honcl et al., 2016) bylo ovéreno, ze se béhem extruze za danych

podminek zvysil obsah ve vodé rozpustnych B-glukant u mlynskych produkti z je¢mene.

Béhem extruze doslo k vyraznym zménam, jak v obsahu, tak ve strukture vlakniny. Po extruzi
byl v mouce je€men( se standardnim sloZenim Skrobu (AF Lucius, AF Cesar) naméfen a
statisticky prokazan vyznamné vyssi obsah B-glukanl (5,13 %) a SDF (6,81 %) v odrGdé AF
Lucius, a 6,33 % B-glukant a 8,17 % SDF v odridé AF Cesar. Obsah arabinoxylan( se po extruzi
mirné zvysil, ale vyznamné se liSil pouze u linii KM 2460-1 a AF Cesar. Po extruzi byl zjistén
vyznamny pokles v obsahu celkové vlakniny u odr(idy AF Cesar a nerozpustné vldkniny v liniich
KM 2624 a KM 2460-1.

1.8.8 Procesy provazejici chladnuti peciva

Béhem chladnuti peciva se zpomaluje odpar vody a ¢astecné vznikly Skrobovy maz, ktery tvoti
znacnou cast stfidy, postupné Zeliruje. Vznika pruiny gel, ktery ve své struktufe zadrzuje
molekuly vody (Pfihoda et al., 2003). Podobny proces — ustaveni rovnovdhy mezi volnou a
vazanou vodou probihd i v ostatnich biopolymernich strukturach. Zaroven se zacinaji rozvijet
prvni procesy, které doprovazeji starnuti peciva. Maji-li byt omezeny na minimum, nesmi byt
chladnouci chléb/pecivo vystaven(o) kolisani okolni teploty. Pribéh chlazeni musi byt velmi
stabilni.

Teplota skladovani pediva vyznamné ovliviiuje proces retrogradace amylopektinu. Pfi nizsi
teploté skladovani probiha rekrystalizace skrobu v pecivu rychleji, a tim se urychluje i proces
starnuti peciva. Pfi teploté 4°C probiha proces retrogradace Skrobu (zejména frakce
amylopektinu) nejrychleji.

1.8.9 Podstata starnuti pekarskych vyrobku

Starnuti pekafskych vyrobk( je komplexni proces, ktery probihda po upeceni béhem jejich
skladovani (Gray a BeMiller, 2003; Bechtel et al., 1953). Starnutim se rozumi souhrn
fyzikalnich, chemickych a senzorickych zmén, které negativné ovliviuji jakost pekarského
vyrobku. Obecné se starnuti definuje jako pokles spotiebitelské pfijatelnosti pekarenskych
vyrobk( zplsobeny zménami ve stfidé, pricemz nejde o zmény mikrobialniho pavodu. Jedna
se o postupné zhorseni texturnich a organoleptickych vlastnosti peciva. BEéhem starnuti se
stfida pekarského vyrobku stava tuzsi a kirka meékkou az koZovitou. Termin starnuti se
vztahuje zejména ke zménam ve stridé pekarského vyrobku. Ackoliv je proces starnuti
zkouman od konce 19. stoleti, jeho mechanismus nebyl doposud zcela presné vysvétlen.
Starnuti peciva nebude nikdy moziné zcela eliminovat, ale je redlné ho vyrazné zpomalit.
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Proces starnuti je zodpovédny za vyznamné ekonomické ztraty jak v oblasti pekarenské, tak
v oblasti spotrebitelské.

Zméknuti klrky je dlsledkem migrace vody ze stfidy do klirky, dané vyssi aktivitou vody ve
stfidé vzhledem ke klrce. Proces retrogradace Skrobu, pfi kterém je voda vytlaCovdna ze
struktury gelu, jeji aktivitu ve stfidé zvySuje. Houstnuti trojrozmérné sité Skrobového gelu a
jeho ¢astecna rekrystalizace je pricinou tuhnuti stfidy.

Ke starnuti pekarského vyrobku dochazi jiz kratce po jeho upeceni. Rychlost, s jakou ztraci
vyrobek své plvodni vlastnosti, zavisi na podminkach skladovani, teploté a relativni vlhkosti a
zpUsobu baleni pekarského vyrobku. Jak jiz bylo uvedeno vyse, retrogradace a tudiz starnuti
probihaji nejrychleji pfi teplotach tésné nad 0°C.

Proces starnuti je moZné studovat fadou metod (Ribotta et al., 2004; Karim et al., 2000; Wilson
et al., 1991). Ke sledovani retrogradace amylopektinu je mozné vyuZzit diferencialni skenovaci
kalorimetrii nebo rentgenovou strukturni analyzu, popfipadé mikroskopické techniky. Zmeény
ve strukture a vlastnostech stridy jsou obvykle posuzovany na zakladé riznych kompresnich
méreni, napriklad na texturometru, penetrometru a fadé dalSich.

Pridavek vlakniny do receptury peciva je jednou z mozZnosti, jak zpomalit proces starnuti
peciva (Mandovad, 2016). V ramci jednoho z fady experimentl bylo potvrzeno, Ze 15% pfidavek
celozrnné ovesné mouky do receptury psenicného chleba vyznamné zpomalil proces starnuti
peciva. Pro pozorovani pribéhu starnuti stfidy peciva byla vyuZita penetrometrie a skenovaci
elektronova mikroskopie.

Ve spoluprdci se spolecnosti MILLBA-CZECH a.s. byla provedena prakticka studie, ktera se
tykala pouZiti novych zlepsujicich pfipravka k prodlouzeni trvanlivosti a zpomaleni starnuti
vybranych pekarskych vyrobk( (bézné a jemné pecivo) (Pfiloha 6: Slukova et al., 2015; Slukova
et al., 2014; Slukova et al., 2013). Ke sledovani a vyhodnoceni zmén probihajicich béhem
starnuti peciva byla vyuzita senzorickd analyza, viskozimetrické a penetrometrické méreni
tuhosti stfidy peciva v case, rentgenova difrakéni analyza a skenovaci elektronova
mikroskopie. Skenovaci elektronova mikroskopie a rentgenova difrakéni analyza potvrdily
zmény v krystalinité amylopektinu béhem starnuti peciva. Rentgenova difrakéni analyza byla
schopna postihnout i zmény v recepture peciva, kontrolni pecivo bez pfidavku zlepSujicich
pfipravkd vykazovalo rychlejSi starnuti v porovnani s pelivem s pfidavkem zlepsujiciho
pripravku.

1.8.10 Vyvoj a hodnoceni bezlepkovych vyrobkd

Dalsi vyznamnou oblasti, které je tfeba se vénovat, je vyvoj atraktivnich bezlepkovych potravin
(Alvarez-Jubete et al., 2010; Arendt a Dal Bello, 2008). Celiakie je chronické autoimunitni
onemocnéni sliznice tenkého stfeva vyvolané pozivanim lepku, konkrétné casti obsahujici
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zasobni protein gliadin (Gabrovska et al., 2015). V soucasnosti je jedinad zndma lécba spravné
dodrzovani bezlepkové diety. Na trhu proto vznikla celd fada bezlepkovych vyrobkd, presto
sortiment neni dostacujici, celiaci se ¢asto musi rozhodovat mezi kvalitou a vysokou cenou
nebo mezi nizsi cenou, ale i nizkou kvalitou.

Bezlepkové vyrobky jsou potfebné pro osoby s celiakii a také pro osoby s alergii na obiloviny
obsahujici lepek ¢i pro osoby citlivé na obiloviny obsahujici lepek. VétSina receptur
bezlepkovych chlebl ma jako zaklad ryZovou a kukufi€énou mouku v kombinaci s kukufi¢nym,
bramborovym a tapiokovym Skrobem, jelikoz se jedna o dostupné, levné suroviny bez vyrazné
chuté ¢i vlné. Receptury bezlepkovych chlebl se dale dopliuji proteiny a hydrokoloidy
z dlvodu prijatelnéjsi struktury a prodlouzeni trvanlivosti vyrobk.

Na rozdil od psSeni¢nych vyrobkul, nejsou bezlepkové mouky a Skroby obohacovany a
fortifikovany, a proto konzumace bezlepkovych vyrobkl mlzZe vést k deficienci Fady
mikronutrientd, ale i protein( a vlakniny. Vyzkum a vyvoj se proto zaméruje na zvySeni nutricni
hodnoty bezlepkovych pekarskych vyrobkl spolu se zvySenim senzorické a technologické
kvality téchto vyrobkd.

Mezi tradi¢ni suroviny pouzivané k vyrobé bezlepkového chlebu patfi ryzova, kukuficna a
pohankova mouka, séjova mouka, pSeni¢ny deproteinovany skrob, ryZzovy nebo kukufi¢ny
Skrob a hydrokoloidy guarova guma, tarra guma, xanthan, modifikované Skroby nebo
modifikované celulosy. Hydrokoloidy slouZi v recepture bezlepkového peciva jako nahrada
lepku, maji vliv na vaznost a zvysuji viskozita tésta. Experimentuje se taky s pridavky méné
obvyklych surovin jako je tapiokovy Skrob, mouky z quinoi, amarantu, konopi, kastanu, teffu
apod.

Ze Ctyt druhl zkoumanych komercénich preparatl vldkniny (vlidknina bramborovd, Inénj,
psyllium a inulin) byl na zakladé vysledk( senzorické analyzy a pekafské kvality bezlepkového
chleba zvolen optimalni druh a pfidavek této vlakniny (2 % bramborové vlakniny vztazeno na
mnozstvi pouzitych mouk) (Levkovd, 2016). Bylo ovéreno, Ze preparat bramborové vlakniny
obsahuje 65 g celkové vldkniny ve 100 g preparatu. Dobfe hodnoceny byly také chleby
s pfidavkem inulinu. Nevyhodou pouziti inulinu byla piscity pocit pfi Zvykani.

Ocekavalo se, Ze 2% pridavek bramborové vlakniny do receptury bezlepkového chleba snizi
hladinu glykemie v krvi. Vysledky in vivo testovani hladiny glykemie po konzumaci
bezlepkového chleba bez pfidavku vlakniny a s pridavkem vlakniny byly u testovanych osob
rozdilné. Hodnoceni se Ucastnilo 6 Zen a 2 muzi, zdravi jedinci, ve véku 18-45 let. U vice nez
poloviny osob doslo po konzumaci bezlepkového chleba s pridavkem vldkniny ke zvyseni
glykemie v porovnani s odezvou na konzumaci bezlepkového chleba bez vidkniny. U ostatnich
osob se glykemie snizila. Pfedpokladalo se, Ze poZzadovany pridavek a typ vldkniny mohl mit
vliv na snizeni hladiny glukosy v krvi dobrovolnikd. Bylo sice potvrzeno, Ze testované
bezlepkové chleby patti k potravindm s nizSim Gl (hodnoty glykemie se u obou chlebi
pohybovaly okolo 7 mmol/Il a glykemie stoupala pozvolné). Ale ocekavany pokles glykemie po
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konzumaci chleba s pridavkem vlakniny se neprojevil u vSech osob. Je zde vsak stejna situace
(pocet osob, mozZnost opakovani) jako v pripadé testovani ucinku konzumace chleba
s otrubami na hladinu glukosy v krvi (viz kapitola 1.8.4.).

Vzhledem k tomu, Ze pfidavek vlakniny predstavuje dalsi ndklad pfi vyrobé bezlepkové smési
a nebyl spolehlivé prokazan vliv na snizeni glykemie v krvi, nebylo doporuéeno vlakninu do
bezlepkové smési pridavat. Bezlepkovy chléb bez pridavku vldkniny mél sdm o sobé velmi
dobry pribéh glykemie, byl nejlépe senzoricky hodnocen a také jeho pekarska jakost byla
nejvyssi. Z téchto davod( bylo doporucéeno pro zvyseni vyZzivové hodnoty bezlepkového chleba
prozkoumat pridavek jiného typu vildkniny nebo jinych sloZzek (nutricné vyvazené proteiny —
napriklad syrovatkové frakce proteint, vajecny albumin, anebo jiné bezlepkové mouky —
lusténinové mouky apod.).

Dalsi ¢ast nasi prace byla zamérena na technologicky vyvoj novych bezlepkovych vyrobkd,
konkrétné slanych krekr( (slanych susenek) (Venzhoferovd, 2014). U bezlepkového tésta je
obecné problém s jeho taznosti, tésto byva velmi kratké. Byly testovany kombinace rlznych
bezlepkovych mouk, tukd, zahustovadel a dalsich latek, aby se vlastnosti tésta a pfiprava
bezlepkovych vyrobk(i optimalizovala. Po prvotni analyze surovin pouZitych pro bezlepkovou
vyrobu nasledoval vyvoj receptury a senzorické hodnoceni vyrobkl(. Optimalizace
technologického procesu vyroby krekr( se tykala zejména zvoleni poméru recepturnich
sloZek, aby se zajistila vyhovujici taZnost a zpracovatelnost (zejména nelepivost) bezlepkového
tésta. DalSimi vyznamnymi procesnimi parametry bylo stanoveni optimalni doby a teploty
peceni a vyhovujici tloustka vyvalovanych platkd. Cilem bylo vyrobit senzoricky atraktivni a
chutné (ochucené), kfupavé (ne gumovité, ne tvrdé, ne mékké) krekry. V rdmci spoluprace
s partnerem LYCKEBY CULINAR, a.s. se podafilo vyvinout sypkou smés (bez tuku a vody) na
domaci vyrobu bezlepkovych krekr( s rdznymi prichutémi (¢esnek, syr, Taco koreni, kmin,
pept). Hotové vyrobky vykazovaly dobré senzorické vlastnosti, trvanlivost az 6 tydnU a ceny
téchto smési (cca 52 K& za 1 kg) byly vyrazné nizsi v porovnani scenami obdobnych
bezlepkovych smési, které byly v dané dobé dostupné na ¢eském trhu.
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1.8.11 Prispévek ke studiu oligosacharidli mimo ramec cerealni chemie:
Vliv teploty a skladovani na oligosacharidy materského mléka

Oligosacharidy s prebiotickymi ucinky jsou soucasti matefského mléka a hraji vyznamnou roli
v posileni imunity a spravném vyvoji kojence (Boehm a Stahl, 2007 a dalsi). Materské mléko
se Casto skladuje (chlazeni, mrazeni) a nasledné tepelné zpracovdva (ohrev) a je tfeba zajistit
jeho zdravotni nezdvadnost a zachovat jeho vyzivové vlastnosti (Yu-Chuan et al., 2012 a dalsi).
Prace byla zaméfena na sledovani slozeni materfského mléka z vyZivového hlediska a
posouzeni zmén slozek mléka pfijeho skladovani a dalSim zpracovani (Lukschova, 2014). Cilem
prace bylo zjistit, které bézné v domdcnosti pouZivané procesy mohou ovliviiovat sloZeni
materského mléka. V ramci experimentu byly pomoci kapalinové chromatografie sledovany
zmény v obsahu sacharidl matefského mléka za rliznych podminek ohfevu. Podminky ziskani
a skladovani mléka byly presné dodrzovany. Cerstvé mléko bylo po odebrani ihned zamrazeno
(-18°C, sterilni plastové lahvi¢ky), béhem tydne byly nasbirdny pfislusné objemy mléka a
v mrazicim boxu pfevezeny na VSCHT. Pfed vlastni analyzou byly vzorky mléka uskladnény pfi
teploté -40°C. V dalsim tydnu byl proveden ohfev a analyzy.

Sledoval se vliv typ ohfevu a vliv teploty a doby ohfevu (mikrovinny ohtev: doba 10 s, teplota
mléka 27°C; mikrovinny ohfev po dobu 30 s, teplota mléka 61°C a nasledné ochlazeni; ohfev
ve vodni lazni pfi teploté 62,5°C) na sloZzeni mléka.

Vzorky matefského mléka byly rozmrazeny v lednici pfi teploté 5°C. Prvni kyveta s mlékem
byla pouZita jako kontrolni vzorek, u kterého nebyl proveden Zadny tepelny ohfev. VSechny
vzorky byly po tepelném oSetfeni rychle zchlazeny na teplotu 4°C a nasledné odstfedény
(odstranéni tuku). Po pfidani etanolu a odstfedéni byly odstranény proteiny. Po filtraci byl
davkovan redény a neredény filtrat na analytickou predkolonu a kolonu.

V mléku byla identifikovana laktosa, N-acetylglukosamin, glukosa, galaktosa, stopy fukosy,
trisacharid na bazi galaktosy a stopy vyssich galaktooligosacharidd. Ve spektru byly zachyceny
dalsi latky (derivaty cukr( a oligosacharidy), které vsak nebyly uréeny z dlvodu jejich velmi
nizké koncentrace nebo nebyl k dispozici prislusny standard. V ramci stanoveni byly
optimalizovany podminky Upravy vzorku pred analyzou a metodika chromatografické analyzy,
kdy byla ovérovana izokratickd i gradientova eluce sloZek. Snaha byla identifikovat vybrané
sacharidy béhem jedné analyzy. Byla zvolena gradientovd eluce ve smési mobilni faze
hydroxidu sodného a octanu sodného s celkovou dobou analyzy 65 min.

Obsah laktosy byl ve vzorcich mléka proménlivy, avsak zadny typ ohfevu nezpusobil vyrazné
zmény v obsahu laktosy. Volna glukosa i galaktosa se jevily jako stalé pti vSech typech ohievu.
Obsah glukosy se ménil v zavislosti na délce kojeni (celkova doba pfijmu mléka po dobu 4
mésicl plného kojeni). Obsah N-acetylglukosaminu se zvySoval s prodluzujici se dobou kojeni.
Obsah trisacharidu (retenénim ¢asem odpovidal eluci trisacharidu rafinosy, ta se vsak
v mateiském mléku nevyskytuje), se snizoval s prodluzujici se dobou kojeni. Nebyl prokazan
rozdil pfi ohfevu ve vodni ldzni a pomoci mikrovinného zareni. Na zdkladé zkusSenosti pfi
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provadénych mérenich doporucuji ohfev mléka ve vodni |azni, mléko bylo ohtivano postupné
a v celém objemu. Snadno mohla byt také monitorovana teplota ohfivaného mléka. Na rozdil
od pusobeni mikrovinného ohrevu, kdy bylo mléko sice ohtato velmi rychle, ale ohrev byl
nerovnomeérny.
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2 SEZNAM POUZITYCH SYMBOLU A ZKRATEK

Poznamka: V celém textu habilitaéni prace je vyjadreni slozek uvedeno v % (v hmotnostnich

procentech).

FT-IR infraervend spektrometrie s Fourierovou transformaci

NMR nukledrni magneticka rezonance

PCA analyza hlavnich slozek (komponent) (Principal Component Analysis)
BG beta-glukany

AX arabinoxylany

GPC gelovd chromatografie

HP-SEC vysokoucinnad rozliSovaci chromatografie

Gl glykemicky index
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Abstract

COPIKOVA J., SYNYTSYA A., CERNA M., KAASOVA J., NOVOTNA M. (2001): Application of FT-IR spectroscopy in
detection of food hydrocolloids in confectionery jellies and food supplements. Czech J. Food Sci., 19: 51-56.

FT-IR spectra of isolated high molecule fractions were measured and used for identification of food hydrocolloidsin confection-
ery jellies and food supplements. The simple comparison of spectraof standards and samples proved that thistechniqueis useful
for the monitoring of food hydrocolloids in particular food products.

Keywords: FT-IR spectroscopy; polysaccharides; jelly; food supplements

The polysaccharides are widely used in food process-
ing technologies as gelling agents, thickeners or replac-
ers of fat and saccharose. Food product surveillance
reguires simple and rapid methods to identify all food
components. This analytical problem is very significant
in the case of polysaccharides, which frequently react as
fat mimetics or have bulking properties. In the present
study infrared spectroscopy was applied in the analysis
of food supplements and various kinds of confectionery
jellies, with the aim to recognize the type of polysaccha-
rides or gelling agents.

At present FT-IR spectroscopy isvery often applied in
the analysis of plant cell wall polysaccharides. The dif-
ferent techniques of FT-IR spectroscopy allow theidenti-
fication of particular polysaccharides present in the
intricate network of the cell wall (CHIOVITTI 1997; COIM-
BRA et al. 1998, 1999; KACURAKOVA et al. 2000), or
the monitoring of developmental and compositional
changes in the cell wall (DOWREY & MARCOTT 1999).
The effects of technological processing of fruit can also
be observed by FT-IR spectroscopy (FEMENIA et al.
1998). Theresultspublished in athesis (SYNYTSYA 2000)
prove that FT-IR and FT Raman spectroscopic methods
areuseful inthe structural characterization of natural and

modified pectins as well as other plant cell wall polysac-
charides. The content of feruloyl groups, the degree of
methylation and amidation are estimated by these spec-
troscopic methods (SYNYTSYA 2000, SINITSYA et al.
2000).

The objective of the present study is to determine the
type of polysaccharidein confectionery jelly or food sup-
plements according to its FT-IR spectra.

MATERIAL AND METHODS
List of samples

No 1. highmoleculefraction of starch confectionery jel-

ly

high molecule fraction of pectin fruit jelly

high molecule fraction of gelatine-pectinfruit jel-

ly

food supplement, mixture of carragenan and sac-

charose, suitable for stabilisation of cocoa milk

UHT drinks

No 5: food supplement, guar gum, suitable for sausages

No 6: food supplement, mixture of guar gum, carrage-
nan and saccharose, suitable for stabilization of
neutral cocoa UHT drinks

No 2:
No 3:

No 4:

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic, project No. G1797, and by the
Institute of Chemical Technology in Prague, project No. 321 000015.
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Instruments

Samples Nos. 1-3: Infrared spectrawere measured us-
ing the FT-IR spectrometer Nicolet 740 (Nicolet Instru-
ments Co., USA) with DTGS detector, beam splitter: KBr
and OMNIC 3.1 software. Number of scans 256 at reso-
lution 4 cm™ was averaged. The spectra were recorded
within the 4000400 cnr? range and the analytical spec-
tral range was 2010-910 cnm?. Standards of polysaccha-
rides were measured by the method of KBr pellets and
samples were measured as films on an ATR accessory,
ZnSe, 45. Apodization: Happ-Genzel.

Samples Nos. 4-6: The FT-IR spectra of standard
polysaccharides and samples were obtained using the
Perkin-Elmer 2000 spectrometer equipped with the mi-
croscope Autol MAGE withaMCT detector and software
Spectrum for Windows 1.5. Number of scans 16 at reso-
lution 4 cm™ was averaged. The spectra were recorded
within the 4000700 cnr? range and the analytical spec-
tral range was 2010-910 cm in the transmittance mode
at attenuance 2. The samplesasfilmswere measured on a
BaF,window.

Preparation of samples Nos. 1-3: Samples (2 g) of
confectionery jelly were dissolved in 100 ml of distilled
water and the high molecul e fraction was precipitated with
threefold volume of absolute ethanol at 5°C for 24 hrs.
The precipitate was removed by centrifugation at
6000 RPM and washed with the mixture of ethanol and
water (70:30 % v/v) up to negative reaction for carbohy-
drates. The amount of 0.2 g of precipitate was dissolved
in 50 ml of distilled water and about 1.5 ml of solution
was placed on an aluminium plate and water was evapo-
rated at ambient temperature until asmooth film was ob-
tained.

Preparation of samples Nos. 46 and hydrocolloid
standards: The polysaccharide standards and food sup-
plements were dissolved in distilled water and 1 ml was
pipetted into a cuvette equipped with an X-ray film My-
lar (800-4-Chemplex, Chemplex Industries Inc., USA).
The cuvetteswere placed into an oven at 40 °Cfor 12 hours.
Thefilmwasremoved from the Mylar foil, transferred on
aBaF, glass and recorded by the microscope of the FT-
IR spectrometer.

RESULTS AND DISCUSSION

The study of hydrocolloids usually focuses on chemi-
cal composition, linkage between the monosaccharide
units, and the size and shape of the molecule. A complete
analysisof hydrocolloids or polysaccharidesisunsuitable
for their rapid identification in food or raw materials be-
cause the whole procedureis rather costly and time con-
suming. It seemsto usthat there are two possibilities how
to solve the problem. One of them isthe identification of
saccharides or amino acids in a mixture resulting from
the hydrolytic breakdown of a hydrocolloid by chroma-
tography. The other aternativeisthe application of spec-
troscopic techniques, infrared spectroscopy and nuclear
magnetic resonance spectroscopy (SYNYTSYA 2000).

In order to identify a specific gelling agent in confec-
tionery jelly we used theinfrared data.of model compounds
compared with the FT-IR spectra of the macromolecular
part of the sample. The spectra of substances with high
molecular massisolated from confectionery jelly show gen-
erd similarity to standards (Figs. 1-3). ThesamplesNo. 1
and No. 2 contained starch and pectin as a major macro-
molecular component, respectively. The IR band at 1152—
1149 cm™ is dominated by stretching of the glycosidic
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linkage C-O-C (KAMNEV et al. 1998; KACURAKOVA et
al. 2000; WILSON et al. 2000). The highly coupled and
conformational specific region between 1100 and 700 cm?
belongs to non-localised, highly coupled vibrations of
polysaccharide backbones (ENGELSEN & NORGAARD
1996). Inthe case of starch standard and sample No. 1, the
spectra have severa significant bands of starchinthere-
gion of 1200-700 cm™ (Fig. 1).

In the case of pectin standard and sample No. 2, the
spectra had two intense pectin bands at 1748 cm™ and
1637 cn? assigned to stretching C=0 vibration of esters

I 18
= L y(C=0) } 1637 -
STo o B ! N
: ester Vas(CO , ) ’,/ s
§ 10
Z 30
E 1555
= 0l Amidell

10 L 1645

Amide! 1651
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and bending of water 5(H,0) overlapped with the asym-
metric stretching vibration of carboxylate anion v_(COO),
respectively (Fig. 2). Both spectra of pectin and sample
No. 2 have additional bands at 1444, 1413 (1420), 1369
(1374), 1272 (1266) and 930 (925) cmr?, which may be
ascribed) to ester and carboxylate groups (FILIPPOV 1978;
ENGELSEN & N@RGAARD 1996; WELLNER et al. 1998).
Theband at 1333 (1338) cm ! was assigned to C-H bend-
ing vibration of pyranoic ring. Thisband isvery resistant
to any changes of C-6 carboxyls (FILIPPOV 1978). Inthe
region of 1200-950 cm of both spectra, several intense

60
— standard of pectin
fffffff sampleNo 3

s04: @ standard of gelatine

Transmitance (%)

20

10 4

1105\
1083

1152

1024
O T T T T T T
1150 1100 1050 1000

Wavenumber (cm)

Fig. 3. FT-IR spectra of sample No 3 (fruit gelatin-pectin jelly) and standards of pectin and gelatin
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bands at 1152 (1158), 1105 and 1083 (1080) cm™ con-
tributed to vibrations of glycosidic bonds and pyranoid
rings (Fig. 2). In addition, two weak bands at 850 and
833 cm™ a'so confirm that pectin isthe major component
of sample No. 2.

Sample No. 3 contained confectionery jelly prepared
from a mixture of gelatine and pectin. The isolated por-
tion of high molecule substances has significant bands of
pectin (1742, 1152, and 1105 cn1?) and two intense bands
at 1641 and 1557 cm assigned to amide bonds of ge-

latine (amide | and amide Il modes, respectively). The
intense band at 1080 cm™ is present in both pectin and
gelatine, thus it cannot be used for the identification of
these gelling agents in a mixture. The fact that all pectin
bands, especially that of ester C=0 stretching vibration
at 1742 cm?, are relatively weak confirm that pectin, in
contrast to gelatine, could be present in sample No. 3.
only in small amount.

The food supplement sample No. 4. was a mixture of
algae polysaccharide carragenan and saccharose. Carra-
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genan molecules are linear chains of D-gal actopyranosyl
units with most sugar units having one or two sulphate
groups esterified to carbon atoms C-2 or C-6 (WHISTLER
& BEMILLER 1997). Theinfrared spectraof both the stan-
dard and the sample have an intense broad band at
1235 cmr? contributed to asymmetric stretching vibration
of S=0 bonds (SILVERSTEIN et al. 1991) of carragenans
(Fig. 4). The corresponding symmetric stretching mode
of S=0 is present in the spectra as a small shoulder near
1090 cm™ (WILSON et al. 1988). In addition, both these
spectra have two bands at 927 and 846 cm, which were
assigned to the coupling of the C-O stretching vibrations
of the 3,6-anhydro bridge and to the coupling of C-O and
O-S vibrations of D-galactose-4-sulphate, respectively
(SEKKAL & LEGRAND 1993). The presence of these bands
confirmed the k-type of carragenan (CHOPIN & WHALEN
1993).

Thefood supplement sampleNo 5. wasdeclared as pure
guar gum, i.e. galactomannan from a leguminous plant,
Cyanopsis teragonol obus. The simple comparison of the
standard and the sample spectrashowsavery similar pro-
file (Fig. 5). The spectrum has two bands, at 1149 cm™
contributed to glycosidic bondsand several bandsat 1075,
1029, 973 and 944 cm* contributed to sugarsregion. The
two bands at 871 and 813 cm™ are also characteristic of
guar gum.

Thefood supplement No. 6 contained two polysaccha-
rides, i.e. amixture of guar gum and carragenan. The spec-
trum of sample No. 6 was nearly identical to the spectrum
of the arithmetic sum of the spectra of pure standards
(Fig. 6). The spectrum containsthe band at 1151 cn con-
tributed to glycosidic bonds of both polysaccharides,
1235 cmr? contributed to asymmetric stretching vibration

of S=0 bondsin carragenan, and two weak bands at 872
and 813 cm?, which are present in the guar gum spec-
trum. The bands of sample No. 6 at 1123, 928 and 848cm™
strongly indicates the presence of o-carragenan, whereas
the characteristic band at 971 cm ispresent in both stud-
ied polysaccharides and cannot be used in the analysis of
carragenan — guar gum mixtures.

CONCLUSIONS

The results show that FT-IR spectra of food hydrocol-
loids (starch, pectin, carragenan, guar gum and gelatine)
isolated from fruit jellies and food supplements contain
information that enables the identification of respective
food hydrocolloidsinfood samples. The procedure based
on mid-infrared absorption spectroscopy is comfortable,
compared with chromatography. There is no need of the
hydrolysis of isolated hydrocolloids and the subsequent
identification of resulting products by chromatography.
Nevertheless, quantitative evaluation still remains to be
worked out.

Acknowledgement: We thank to Ing. ZRCKOVA (Central
Technical Laboratory, Prague) for the help in the measuring of
FT-IR spectra.
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Abstract

This work purposes the characterisation of food additive polysaccharides such as starch, glucomannan and carrageenan by the use of
the information of the principal components of the FT-IR spectra in the 1200-800 cm™' wavenumber region. The application of a
PCA to this spectral region showed that several features could be obtained: (a) Separation between Glc and Gal, both monomeric and
polymeric, and identification of their characteristic wavenumbers. (b) Identification of the specific absorbance wavenumbers for
sucrose, Fru, Ara, and Man. (c) Distinction of pectic polysaccharides from the remaining carbohydrate samples. (d) Separation within
K-, 1, and A-carrageenans. These results show that the FT-IR spectroscopy in the 1200-800 cm ™' wavenumber region can be a very
reliable technique for food authentication of polysaccharide-based additives and be used for a quick screening of polysaccharides used

as additives in foodstuffs.
© 2002 Elsevier Science Ltd. All rights reserved.

Keywords: FT-IR spectroscopy; Additives; Glucan; Carrageenan; Pectin; Additives; Guican; Carrageenan; Pectin

1. Introduction

Polysaccharides and their derivatives are widely used in
food processing technologies as gelling agents and thick-
eners. Starch, carrageenan and pectin are examples of the
most used polysaccharides in food industry. Starch is an
important thickening and binding agent used in the
production of puddings, soups, sauces, etc.; carrageenan
utilisation in food processing is based on its ability to gel, to
increase the solution viscosity and to stabilise emulsions and
various dispersions, such as chocolate milk; pectin with a
high ester content can set into a gel in the presence of
sucrose and is widely used in marmalade and jelly
production and low ester pectin can set into a gel in the
presence of Ca*" (Belitz & Grosch, 1999).

The authentication of food is a major concern for the
consumer and for the food industry at all levels of the
food processing chain, from raw materials to final
products. Among the complex food constituents, the

* Corresponding author. Tel.: +351-234-370-706; fax: +351-234-370-
084.
E-mail address: mac@dq.ua.pt (M.A. Coimbra).

identification of the added polysaccharides could be a
key factor if a rapid and reliable method is attainable. Wet
classical chemical methods of polysaccharide determi-
nation are time consuming, and not always straight
forward, hence not suitable for a widespread routine
application in the food industry.

The vibrational spectra have been found important
applications in the analysis and identification of sugars in
food industries (Mathlouthi & Koenig, 1986). Mid infrared
spectroscopy, is a rapid, versatile, and sensitive tool that
have been used, by simple spectra analysis, for elucidating
the structure, physical properties and interactions of
carbohydrates (Kacurakovda & Wilson, 2001), to study
pectic polysaccharides and hemicelluloses extracted from
plants (Kacurakova, Capek, Sasinkova, Wellner, & Ebrin-
gerova, 2000), and to detect structural and compositional
changes occurring in the cell walls of grapes during
processing (Femenia, Sanchez, Simal, & Rossell6, 1998).
The carbohydrates show high absorbencies in the region
1200-950 cm ', that is within the so-called fingerprint
region, where the position and intensity of the bands are
specific for every polysaccharide, allowing its possible
identification (Filippov, 1992). Due to absorbance

0144-8617/03/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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overlapping in this region, it has been very difficult to assign
the absorbencies at specific wavenumbers to specific bonds
or functional groups.

Pectins, polysaccharides composed by a linear backbone
of (1 — 4)-a-pD-GalAp interspersed by oa-(1 — 2)-Rhap
residues and with side chains constituted mainly by (3-D-
Galp and a-L-Araf residues, have been the most extensively
studied polysaccharide by IR spectroscopy (Kacurakova &
Wilson, 2001). Mid infrared spectroscopy has also been
applied successfully in the studies on the conformation and
structure of starch (Gatat, 1980). The gelation and retro-
gradation of the two main constituents of starch, amylose
(linear (1 — 4)-a-D-glucan) and amylopectin (branched
(1 — 4)- and (1 — 4,6)-a-D-glucan), have been studied by
infrared spectroscopy (Wilson & Belton, 1988; Wilson,
Goodfellow, & Belton, 1988; Wilson, Kalichevsky, Ring, &
Belton, 1987), where characteristic bands for starch gels
have been found at 1046 and 1019 cm ™ '. The carrageenans
are characterised by an alternating repeating (1 — 4)-linked
disaccharide structure consisting of 3,6-anhydro-a-D-galac-
topyranosyl-(1 — 3)-B-D-galactopyranosyl. A sulphate
group at positions C2, C4 or C6 can substitute each residue.
The carrageenans, depending on the sulphate substitutions,
can be defined as: kappa (k) (-D-Galp-4-sulphate and
3,6-anhydro-a-D-Galp ), iota (v) (B-D-Galp-4-sulphate and
3,6-anhydro-a-D-Galp-2-sulphate), lambda (\) (non-gelling
agent consisting of 3-D-Galp-2-sulphate and a-D-Galp-2,6-
disulphate). FT-IR spectra, exhibiting characteristic bands
in the region 930—805 cm ™', have also been employed for
their identification and discrimination (Chopin & Whalen,
1993; Sekkal & Legrand, 1993). Glucomannans (linear
polymers composed of B-D-Manp and B-D-Glcp) and (-
glucans (polymers composed of variously linked 3-D-Glcp
residues) are also polysaccharides utilized in special
nutrition foods as bulk substances.

The application of chemometrics to the FT-IR spectra
was established as a reliable and fast method for the
determination of important gel-forming parameters in
amidated pectins (Engelsen & Norgaard, 1996), and
allowed the classification of corn starches (Dupuy,
Wojciechowski, Huvenne, & Legrand, 1997) and commer-
cial carrageenans (Jurasek & Phillips, 1998). It was also
proved to be useful for a quick evaluation of cell wall
monosaccharide composition of polysaccharides of pectic
(Coimbra, Barros, Barros, Rutledge, & Delgadillo, 1998)
and hemicellulosic origin (Coimbra, Barros, Rutledge, &
Delgadillo, 1999). Moreover, it was applied as a rapid
method to screen cell wall mutants of Arabidopsis (Chen
et al., 1998), to detect structural and compositional changes
occurring in the cell walls of pears after processing
(Ferreira, Barros, Coimbra, & Delgadillo, 2001), and to
determine the degree of methylesterification of pectic
polysaccharides in plant cell wall extracts (Barros et al.,
2002).

Following the work carried out on the detection of
hydrocolloids in confectionery jellies and food supplements

((Viopfkové, Synytsya, éerné, Kaasova, & Novotnd, 2001) by
FT-IR spectroscopy, this paper proposes, with the use of
a PCA, the identification of the specific wavenumbers that
contribute for the discrimination of the different poly-
saccharides constituent of carbohydrate-based additives
according to their FT-IR spectra within the 1200-—
800 cm ™' region.

2. Materials and methods

2.1. Samples origin

Standards. Twenty seven carbohydrate standards,
mono-, di- and polysaccharide standard compounds, were
used to build a FT-IR model based in their absorbencies in
the region 1200—800 cm™': Dp-arabinose (Sigma), D-
fructose (Sigma), D-glucose (Sigma), D-mannose (Sigma),
D-galactose (Sigma), D-galacturonic acid (Sigma), sucrose
(Lachema), maltose (Sigma), lactose (Sigma), amylose
(Sigma), amylopectin (Sigma), starch (Sigma), B-glucan of
barley (Megazyme), k-carrageenan (Fluka), v-carrageenan
(Fluka), N-carrageenan (Fluka), commercial carrageenan,
mixture of commercial carrageenan and HM pectin, HM
pectin 1 (Sigma), HM pectin 2 (Sigma), potassium pectinan
[DE = 89.7%] (Sigma), potassium pectinan [DE = 64.3%]
(Sigma), potassium pectinan [DE = 21.6%] (Sigma),
potassium polygalacturonan (Sigma), galactan of arabic
gum (Sigma), galactan (Koch-Light Laboratories), and
arabinogalactan (Sigma).

Confectionery jellies and food supplements. Eight
samples were analysed using the FT-IR model: five
polysaccharide samples isolated from confectionery jellies
(samples 1-5 in Tables 1-3), and three food supplement
polysaccharide samples: yeast wall glucomannan Sacchar-
omyces cerevisiae (sample 6), yeast extracellular gluco-
mannan Saccharomyces cerevisiae (sample 7), and a
B-glucan mixture, resultant from Saccharomyces cerevisiae
(sample 8a), and Lactobacillus species (sample 8b).
According to the manufacturers, the confectionery jellies
contain pectin, in addition to other sugars (Table 1). The
carbohydrate relative composition of confectionery jellies is
specified in Table 2. The food supplement polysaccharides
were analysed directly from the raw material. The
confectionery jelly polysaccharides were previously iso-
lated before analysis: the confectionery jellies were
dissolved in distilled water to form of a 10% solution
(w/v). To 100 ml of this solution, 300 ml of 96% ethanol
was added, the solution (72% ethanol) was stirred for 1 day
at 5 °C and the high molecular weight polysaccharides were
recovered by centrifugation and washed with 80% ethanol
up to negative reaction (phenol-sulphuric acid test) for
carbohydrates. The polysaccharides were then dissolved in
distilled water to form a 2% aqueous solution (w/v) and the
produced solution was freeze-dried.
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Table 1
Characteristics of studied samples, according to the manufacturer labels

Sample No. Sample specification Sample components

1 Pectin jelly with fruit flavour Sugar, glucose syrup, water, pectin, citric
acid, acidity regulator (sodium citrate), flavours,
colours

2 Peach flavoured jellies Sugar, glucose syrup, water, pectin, citric
acid, sodium citrate, natural peach flavour,
colour

3 Fruit flavoured gums with real fruit Sugar, glucose syrup, water, pectin, acids

juices (citric acid, lactic acid), acidity regulators

(potassium sodium tartrate, trisodium citrate, calcium
lactate, sodium polyphosphate), fruit juices

4 Fruit jelly Sugar, glucose syrup, water, pectin, citric
acid, sodium citrate, natural flavours, natural
colours

5 Pectin jelly with fruit flavour Sugar, glucose syrup, water, pectin, citric

acid, acidity regulator (sodium citrate), moisturiser
(sorbitol), flavour, colours

2.2. Carbohydrate analysis

The monosaccharides and disaccharides present in
original jelly samples were analysed by HPLC, equipped
with a pump (DeltaChrom SDS 030) and connected to a RI
detector (RefractoMonitor IV). The confectionery jelly was
dissolved in distilled water to form a 10% solution (w/v) and
injected in a 20 pl loop using a valve. The separation was
performed with a Separon SGX NH, column (4 X 250 mm)
protected with a precolumn (3.3 X 30 mm). The conditions
of analysis were as follows: column temperature at 25 °C,
using deionised water—acetonitrile (25:75, v/v) as eluent,
with a flow of 1.0 ml/min. Data acquisition and peak
processing were performed with DATA Apex software.

Neutral sugars were released from the isolated con-
fectionery jelly polysaccharides and from the food sup-
plements by Saeman hydrolysis (Selvendran, March, &
Ring, 1979) and analysed as their alditol acetates by gas
chromatography (Blakeney, Harris, Henry, & Stone, 1983;
Harris, Blakeney, Henry & Stone, 1988) using a Hewlett-
Packard 5890 gas chromatograph with a split injector (split
ratio 1:60) and a FID detector. A DB-225 capillary column
(30 m length, 0.25 mm internal diameter and 0.15 wm film
thickness) was used. With the injector and detector

Table 2
The content of dry matter (s = 0.02) and sugars in confectionery jelly
samples (s = 0.1)

Sample No.  Content (%)
Dry matter  Fructose  Glucose  Sucrose  Maltose
1 80.50 4.65 5.68 55.13 7.23
2 81.20 1.87 8.64 40.16 6.91
3 80.34 4.96 13.71 34.97 6.62
4 81.05 6.46 12.19 43.17 5.53
5 80.38 3.70 6.11 55.50 11.23

s: standard deviation.

operating at 220 and 230 °C, respectively, the following
temperature program was used: 220 °C for 4 min and 230 °C
for 7.5 min with a rate of 25 °C/min. Hydrogen was used as
the carrier gas. Uronic acid was determined colorimetrically
by a modification (Coimbra, Delgadillo, Waldron, &
Selvendran, 1996) of the Blumenkrantz and Asboe-Hansen
(1973) method. The absorbencies were measured at 520 nm
on a Shimadzu UV/Vis spectrophotometer. The absence of
monosaccharides in the isolated polysaccharide extracts was
confirmed using the same procedure but without the acid
hydrolysis step.

2.3. FT-IR spectroscopy and chemometric analysis

The FT-IR spectra of the isolated polysaccharides and
standards were obtained using a Golden Gate single
reflection diamond ATR system in a Brucker IFS-55
spectrometer. The spectra were recorded at the absorbance
mode from 4000 to 400 cm ™' (mid infrared region) at the
resolution of 8 cm™'. Five replicate spectra (128 co-added

Table 3
Sugar composition of polysaccharides isolated from confectionery jellies
and food supplement polysaccharide samples (expressed as mol%)

Isolated polysaccharide Ara Man Gal Glc Ur. Ac.
Confectionery jellies
1 1 1 2 75 19
2 0 0 2 97 0
3 0 0 1 97 1
4 1 0 1 98 0
5 1 0 2 94 2
Food supplements

0 67 0 33 0
7 0 81 0 19 0
8a 0 22 17 60 0
8b 0 3 49 48 0
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scans) were collected for each sample. The measured
spectra were transferred via a JCAMP.DX format into the
data analysis software package for PCA and each spectrum,
within the 1200—800 cm ™' region, was auto-scaled (centred
and divided by the standard deviation). The PCA analysis
could allow the characterisation of the sample relationships
(scores plans or axis) and, at the same time, the recover of
their sub-spectral profiles (loadings).

3. Results and discussion
3.1. PCI

Twenty seven carbohydrate standards were used to build
a FT-IR model based in their absorbencies in the region
1200-800 cm™': six monosaccharides (Ara, Fru, Gal,
GalA, Glc, and Man), three disaccharides (lactose, maltose,
and sucrose), four glucans (amylose, amylopectin, barley
B-glucan, and starch), five carrageenans (i-, \-, k-carragee-
nan, commercial carrageenan, and commercial carragee-
nan—pectin mixture), three galactans (arabic gum,
arabinogalactan, and galactan), and six pectins having
different degrees of methylesterification.

The scores scatter plot of PC1 vs. PC2 (Fig. 1a) indicates
that the distribution of the samples in the PC1 axis was done
according to their composition in Glc (PC1 negative) and
Gal (PC1 positive). Glc-rich compounds like, starch,
amylose, amylopectin, (3-glucan, maltose, sucrose, and
Glc, were all placed in the negative side of PCI,
independently of their monomeric or polymeric nature. On
the other side, polysaccharides such as the carrageenans
(except A-carrageenan) and galactans, and the monosac-
charides Fru and GalA, were placed in the positive side of
PC1. Lactose (B-p-Galp-(1 — 4)-D-Glcp ) was placed near
the origin, i.e. had no influence concerning this axis. Based
on the scores scatter plot sample distribution, the positive
absorption band in the range 1100—1030cm™', with
maximum at 1068 cm ™' in PC1 loadings plot (Fig. 2) can
be attributed to Gal, and the band in the range
1030 — 944 cmfl, with minimum at 998 cm ™! can be
attributed to Glc, as previously defined by Kacurakova et al.
(2000) and Kacurakova and Mathlouthi (1996).

3.2. PC2

According to the scores scatter plots of PC1 vs. PC2
and PC2 vs. PC3 (Fig. la and b) PC2 distinguish the
spectra of the pectin samples and GalA (PC2 negative),
from all the others, especially the carrageenans (PC2
positive). Pectins with different degree of methylesterifica-
tion were observed together in the same region, not
significantly separated. Carrageenans (PCl and PC2
positive) were placed differently from Gal (PC1 positive
and PC2 negative) in the scores plan, except
N-carrageenan, that was located on PCl negative and

PC2 positive. This may be due to the higher content in
sulphate and absence of 3,6-anhydro-Gal in this carragee-
nan when compared to the others. Commercial carragee-
nan is probably k-carrageenan. This distinction of the
pectic samples can be also seen in the loadings plot of
PC2 by the absorbencies at the negative side at 1145,
1100, 1018, and 960 cm™ ! and by the absorbencies at the
positive side at 1064 and 1045cm™', as previously
described for pectic polysaccharides (Coimbra et al.,
1998, 1999).

3.3. PC3 and PC5

The scores scatter plots of PC2 vs. PC3 and PC3 vs.
PC5 (Fig. 1b and c) allowed to see in PC3 a distinction of
the spectra - and k-carrageenans (PC3 positive) from the
monosaccharides Ara, Fru, and Gal, and the disaccharide
sucrose (PC3 negative). GalA and Glc were in the centre
and Man was slightly PC3 positive. PC5 separate Man and
N-carrageenan (PC5 positive) from Ara and sucrose (PC5
negative). The separation of the - and k-carrageenans
(PC1, PC2 and PC3 positive and PC5 negative) were due
to the absorbencies at 929 and 848 cmfl, which are in
accordance with Chopin and Whalen (1993). Sucrose
(PC1, PC3 and PC5 negative and PC2 positive) was
related to the wavenumber 995 cm™ ! and Fru (PC1 and
PC5 positive and PC3 negative) was related to the
wavenumbers 1064 and 1045 cm™! (Kalurikovd &
Mathlouthi, 1996). Ara (PC3 and PC5 negative) was
related to the wavenumbers 1052 and 979 cm ™' (Coimbra
et al., 1998) and Man (PC3 and PCS5 positive) was related
to the wavenumbers 1072 and 1033 cm™ ' (Kacurdkova
et al., 2000).

3.4. Identification of isolated polysaccharides from
confectionery jellies and food supplements (glucomannans
and B-glucan mixture)

Isolated polysaccharides from confectionery jellies
(1-5) were placed in the PC1 negative side (Fig. la),
near starch. In PC2, PC3 and PC5 they were placed near
the origin, always near starch. According to these results,
the polysaccharides isolated from confectionery jellies
should be considered starch-based materials, in accord-
ance with the positive I,/KI test for starch and with the
sugar analysis (Table 3). According to the sugar analysis,
confectionery jelly polysaccharides were rich in poly-
meric Glc. These results contrasted with the information
of pectin as jellifying agent, labelled by the manufac-
turer. Exception was sample 1, which showed uronic
acids, however in very low quantity. The polysaccharides
isolated from sample 1 contained 19% Ur.Ac, leading to
the assumption that it could be a mixture of starch and
pectin. According to the scores scatter plot (Fig. 1a and b)
sample 1 was placed between starch and pectin, which
allowed confirming its polysaccharide composition.
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Fig. 1. PCA scores scatter plot of the FT-IR spectra of mono-, di-, and polysaccharide standards, confectionery jelly polysaccharides and food supplements
(glucomannan and B-glucan mixture) in the 1200—800 cm” ! wavenumber region. (a) PC1 vs. PC2; (b) PC2 vs. PC3; (c) PC3 vs. PCS5 (axes cross each other at

Man and in PC5, where Man is more separated from the
other samples in the PC5 positive, the glucomannans were
also placed in PCS5 positive.

The bacterial B-glucan mixture was the result of a blend
of samples 8a and 8b. According to the sugars composition
shown in Table 3, one polysaccharide was composed of



388 M. Cernd et al. / Carbohydrate Polymers 51 (2003) 383-389

03

0.2 4

848

o
o
1

\,

900°*",8504 \/ 800

PN

Loadings
o
. o
3
o

-0.1 4

-0.2

-0.3

Wavenumbers (cm™)

Fig. 2. PCA loadings plot (PC1, PC2, PC3, and PC5) of the FT-IR spectra of
mono-, di-, and polysaccharide standards, confectionery jelly polysacchar-
ides and food supplements (glucomannan and (B-glucan mixture) in the
1200—800 cm ™' wavenumber region.

equimolar amounts of Gal and Glc, and the other one was
composed of Glc, Man and Gal in a ratio of 3:1:1. This
mixture of polysaccharides was placed in the PC1 positive
side in the opposite direction of the 3-glucan of barley, near
Gal. Also in PC2, PC3 and PC5 it was placed near Gal.
According to the relative position of the -glucan mixture in
relation to the lactose in the score scatter plots, the
equimolar amounts of Glc and Gal cannot be attributed to
the presence of lactose.

3.5. Concluding remarks

The application of a PCA to the FT-IR spectra in the
1200-800 cm ™! region of carbohydrate food additives
showed that a distinction was possible. The major variability
(41%) was explained by PCl1, that separate Glc (negative
band at 998 cm ') from Gal (positive band at 1068 cm 1)
based carbohydrates. No distinction was obtained from
monosaccharides, disaccharides and polysaccharides. In this
axis, pectin and glucomannan do not interfere. Pectin was
separated in PC2, by the absorbencies located at it negative
side: 1145, 1100, 1018, and 960 cm_l; and by the
absorbencies located at the positive side: 1064 and
1045 cm ™', The v and k-carrageenans were distinguished
from all other carbohydrates, including \-carrageenan, due
to the absorbencies at 929 and 848 cm™'. Absorption at
specific wavenumbers were also observed for sucrose
(995cm™"), Fru (1064 and 1045 cm™'), Ara (1052 and
979 cm_l), and Man (1072 and 1033 cm_l). These results
show that the FT-IR spectroscopy in the 1200—800 cm '
wavenumber region can be used as a very reliable and quick
tool for food authentication of carbohydrate-based additives.

Acknowledgements

The authors acknowledge Pedro Vasco (University of
Aveiro) and Andriy Synytsya (ICT Prague) for their

assistance, Program SOCRATES—Action ERASMUS for
mobility of Marcela Cernd, and the University of Aveiro for
funding the Research Unit 62/94 ‘Quimica Orgéanica,
Produtos Naturais e Agro-Alimentares’. Anténio Barros
was supported by a Post-Doctoral grant FCT BPD/18824/98
and Alexandra Nunes was supported by a PhD grant FCT
SFRH/BD/1071/2000.

References

Barros, A. S., Mafra, ., Ferreira, D., Cardoso, S., Reis, A., Lopes da Silva,
J. A., Delgadillo, I., Rutledge, D. N., & Coimbra, M. A. (2002).
Determination of the degree of methylesterification of pectic poly-
saccharides by FT-IR using an outer product PLSI regression.
Carbohydrate Polymers, 50, 85-94.

Belitz, H.-D., & Grosch, W. (1999). Food chemistry. Berlin: Springer.

Blakeney, A. B., Harris, P. J., Henry, R. J., & Stone, B. A. (1983). A simple
and rapid preparation of alditol acetates for monosaccharide analysis.
Carbohydrate Research, 113, 291-299.

Blumenkrantz, N., & Asboe-Hansen, G. (1973). New method for
quantitative determination of uronic acid. Analytical Biochemistry,
54, 484-489.

Chen, L. M., Carpita, N. C., Reiter, W. D., Wilson, R. H., Jeffries, C., &
McCann, M. C. (1998). A rapid method to screen for cell wall-mutants
using discriminant analysis of Fourier transform infrared spectra. Plant
Journal, 16, 385-392.

Chopin, T., & Whalen, E. (1993). A new rapid method for carrageenan
identification by FT IR diffuse reflectance spectroscopy directly
on dried, ground algal material. Carbohydrate Research, 246, 51-59.

Coimbra, M. A., Barros, A., Barros, M., Rutledge, D. N., & Delgadillo, 1.
(1998). Multivariate analysis of uronic acid and neutral sugars in whole
pectic samples by FT-IR spectroscopy. Carbohydrate Polymers, 37,
241-248.

Coimbra, M. A., Barros, A., Rutledge, D. N., & Delgadillo, 1. (1999).
FTIR spectroscopy as a tool for the analysis of olive pulp cell-
wall polysaccharide extracts. Carbohydrate Research, 317,
145-154.

Coimbra, M. A., Delgadillo, 1., Waldron, K. W., & Selvendran, R. R.
(1996). Isolation and analysis of cell wall polymers from olive pulp. In
H.-F. Linskens, & J. F. Jackson (Eds.), (Vol. 17) (pp. 34-35). Modern
methods of plant analysis, Berlin: Springer.

Copikové, J., Synytsya, A., Cerna, M., Kaasov, J., & Novotna, M. (2001).
Application of FT-IR spectroscopy in detection of food hydrocolloids in
confectionery jellies and food supplements. Czech Journal of Food
Science, 19, 51-56.

Dupuy, N., Wojciechowski, C., Huvenne, J. P., & Legrand, P. (1997). Mid-
infrared spectroscopy and chemometrics in corn starch classification.
Journal of Molecular Structure, 410—411, 551-554.

Engelsen, S. B., & Norgaard, L. (1996). Comparative vibrational spec-
troscopy for determination of quality parameters in amidated pectins as
evaluated by chemometrics. Carbohydrate Polymers, 30,9-24.

Femenia, A., Sanchez, E. S., Simal, S., & Rossell6, C. (1998). Effects of
drying pretreatments on the cell wall composition of grape tissues.
Journal of Agricultural and Food Chemistry, 46, 271-276.

Ferreira, D., Barros, A., Coimbra, M. A., & Delgadillo, I. (2001). Use
of FT-IR spectroscopy to follow the effect of processing in cell wall
polysaccharide extracts of a sun-dried pear. Carbohydrate Polymers,
45, 175-182.

Filippov, M. P. (1992). Practical infrared spectroscopy of pectic substances.
Food Hydrocolloids, 6, 115-142.

Galat, A. (1980). Study of the Raman scattering and infrared absorption
spectra of branched polysaccharides. Acta Biochimica Polonica, 27,
135-141.



M. Cernd et al. / Carbohydrate Polymers 51 (2003) 383-389 389

Harris, P. J., Blakeney, A. B., Henry, R. J., & Stone, B. A. (1998). Gas
chromatographic determination of the monosaccharide composition of
plant cell wall preparations. Journal of AOAC International, 71,
272-275.

Jurasek, P., & Phillips, G. O. (1998). The classification of natural gums.
Part IX. A method to distinguish between two types of commercial
carrageenan. Food Hydrocolloids, 12, 389-392.

Kacurakova, M., Capek, P., Sasinkova, V., Wellner, N., & Ebringerova, A.
(2000). FT-IR study of plant cell wall model compounds: Pectic
polysaccharides and hemicelluloses. Carbohydrate Polymers, 43,
195-203.

Kacurakova, M., & Mathlouthi, M. (1996). FTIR and laser-Raman spectra
of oligosaccharides in water: Characterization of the glycosidic bond.
Carbohydrate Research, 284, 145—-157.

Kacurakova, M., & Wilson, R. H. (2001). Developments in mid-infrared
FT-IR spectroscopy of selected carbohydrates. Carbohydrate Polymers,
44, 291-303.

Mathlouthi, M., & Koenig, J. L. (1986). Vibrational spectra of
carbohydrates. Advances in Carbohydrate Chemistry and Biochemistry,
44, 7-89.

Sekkal, M., & Legrand, P. (1993). A spectroscopic investigation of the
carrageenans and agar in the 1500—100 cm ™' spectral range. Spectro-
chimica Acta, 49A, 209-221.

Selvendran, R. R., March, J. F., & Ring, S. G. (1979). Determination of
aldoses and uronic acid content of vegetable fibre. Analytical
Biochemistry, 96, 282—292.

Wilson, R. H., & Belton, P. S. (1988). A Fourier-transform infrared study of
wheat starch gels. Carbohydrate Research, 180, 339-344.

Wilson, R. H., Goodfellow, B. J., & Belton, P. S. (1988). Fourier-transform
infrared spectroscopy for the study of food biopolymers. Food
Hydrocolloids, 2, 169-178.

Wilson, R. H., Kalichevsky, M. T., Ring, S. T., & Belton, P. S. (1987). A
Fourier-transform infrared study of the gelation and retrogradation of
waxy-maize starch. Carbohydrate Research, 166, 162—165.



Czech J. Food Sci. Vol. 26, No. 6: 441-446

Mushrooms of Genus Pleurotus as a Source of Dietary Fibres
and Glucans for Food Supplements

ANDRIY SYNYTSYA, KATERINA MICKOVA, IvaAN JABLONSKY, MARCELA SLUKOVA
and Jana COPIKOVA

Department of Carbohydrate Chemistry and Technology, Faculty of Food and
Biochemical Technology, Institute of Chemical Technology in Prague, Prague,
Czech Republic

Abstract

SYNYTSYA A., Mi¢kovA K., JABLONSKY L., SLukovA M., CoprikoVA J. (2008): Mushrooms of genus Pleu-
rotus as a source of dietary fibres and glucans for food supplements. Czech J. Food Sci., 26: 441-446.

Fruit bodies (separately pilei and stems) of mushrooms Pleurotus ostreatus (four strains) and Pleurotus eryngii were
characterised as a source of polysaccharides. The contents of glucans and dietary fibres were determined with using
the respective Megazyme enzymatic kits. Enzymatic analysis of the fruit bodies confirmed significant differences in
the contents of these components among the species and strains. The stems contained more insoluble dietary fibres
than the pilei in all the cases and more B-glucans in most cases. However, relatively high contents of B-glucan (20-50%
of dry matter) could be a result of incomplete enzymatic hydrolysis of insoluble a-1,3-glucans. Nevertheless, low food

quality stems of mushrooms Pleurotus sp. could be a valuable source of cell wall glucans for the preparation of food

supplements.

Keywords: mushrooms Pleurotus; glucans; dietary fibres; food supplements

For millennia, humankind has been valued
mushrooms as an important edible and medical
resource (CHANG 1980; BREENE 1990; WASSER
2002). The dry matter of mushroom fruit bodies
is about 5-15%, they have a very low fat content
and contain 19-35% proteins. Mushroom fruit
bodies are rich in vitamins, mainly B, B2, C, and
D2 (MANz1 et al. 1999; 2004; MATTILA et al. 2000),
and contain some important elements such as K
and P (VETTER 2007). The content of carbohy-
drates, which are mainly present as polysaccharides
or glycoproteins, ranges 50-90%; the most abun-
dant polysaccharides are chitin, - and p-glucans

and other hemicelluloses (e.g. mannans, xylans
and galactans). Mushroom polysaccharides are
present mostly as glucans with different types of
glycosidic linkages, such as branched (1—3),(1—6)-
B-glucans and linear (1—3)-a-glucans, but some
are true heteroglycans (WAsSER 2002).
Mushrooms are a potential source of dietary
fibres due to the presence of non-starch polysac-
charides. Total dietary fibre (TDF) in mushrooms
is the sum of intrinsic non-digestible carbohy-
drates, mainly chitin (VETTER 2007). Mushroom
glucans are also components of soluble (SDF)
or insoluble (IDF) dietary fibres (PROSKY et al.

Supported by the Czech Science Foundation (Grant No. 525/05/0273) and by the Ministry of Education, Youth and
Sports of the Czech Republic (Project No. MSM 6046137305).
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1988). Their solubility in water strongly depends
on the molecular structure and conformation.
Glucans bound to proteins or to chitin are usually
insoluble in water.

Mushroom-derived substances with antitumour,
immunomodulating, and antioxidative proper-
ties are currently used as dietary supplements.
Mushroom polysaccharides with antitumour ac-
tion differ greatly in their chemical compositions
and configurations, as well as in their physical
properties. Immunomodulatory and antitumour
activities are exhibited by a wide range of gly-
cans extending from homopolymers to highly
complex heteropolymers; the differences in their
activities can be correlated with the solubility in
water,molecular size, branching rate and form
(AuGgusTiN 1998; Oo1 & Lur 1999; WaASSER 2002;
Novak & VETVICKA 2008). Besides the well-known
antitumour B-(1—3),(1—6)-glucans (KUNIAK et
al. 1992, 1998), a wide range of biologically active
glucans of different structures have been described.
Linear or branched polysaccharides chains oc-
cur with a backbone composed of a- or B-linked
glucose units, and their various side chains can
be attached in different ways. The main source
of biologically active polysaccharides appears to
be fungal cell walls consisting mainly of chitin-
glucan complexes. However, fungal chitin has no
antitumour activity (M1zuNo et al. 1995).

Commercial importance of fungal polysaccha-
rides has attracted much attention in the field of
functional foods, especially, commonly cultivated
mushrooms of the genus Pleurotus are interesting
because of their f-glucans demonstrating sig-
nificant immunomodulative properties. Pleuran,
a specific glucan isolated from Pleurotus sp., has a
suppressive effect on tumours (KUNIAK et al. 1992;
KARAcsONYI & KUNIAK 1994). Mushrooms of
genus Pleurotus are cultivated in several countries
because of their high adaptability. Annual produc-
tion of these mushrooms is more than 900 000 tons.
There are a lot of different species in the genus
Pleurotus that have pharmacological properties,
for example P. florida, P. tuber-regium, P. sajor-
caju, P. pulmonarius, P. ostreatus, and P. eryngii
(RAGUNATHAN et al. 1996). It has been reported
earlier that the fruit bodies and sclerotia of these
species contain specific glucans (KARACSONYI &
KuNI1AK 1994; CHEUNG & LEE 1998; CHENGHUA et
al.2000; MANZI & P1ZZOFERRATO 2000; ROUT et
al. 2005). Biologically active glucans themselves or
their complexes with proteins and other polysac-

442

charides isolated from the fruit bodies of these
species are interesting for the preparation of novel
food supplements.

The aim of this study was to characterise dif-
ferent parts of the fruit-bodies of the mushrooms
P ostreatus (four strains) and P. eryngii cultivated
in the Czech Republic as a raw material for the
preparation of food supplements and functional
foods. The contents of glucans and dietary fibres
in the pilei and stems were determined by enzy-
matic methods.

MATERIALS AND METHODS

Materials. The mushrooms P. ostreatus (strains
70, 77, L22, 137) and P. eryngii (non-specified
strain) were cultivated under controlled condi-
tions by the mushrooms grower Rudolf Ryzner
in the region South Moravia, the Czech Repub-
lic. The fruit bodies (Figure 1) were subdivided
into stems and pilei and homogenised with the
laboratory dispenser DI 25 basic equipped with
the dispersing element S25 N-25 G (IKA-Werke
GmbH, Germany). The homogenised samples
were kept at —20°C.

Analytical methods. The contents of total and
a-glucans were determined in raw fruit bodies
according to the Mushroom and Yeast B-glucan
Assay Procedure K-YBGL 10/2005 (Megazyme,
Ireland). Here, the estimation of non-starch glu-
cans was based on the difference between glucose
contents after total acidic hydrolysis of glucans and
specific enzymatic hydrolysis of a-1,4-glucans. The
samples were previously dried under a stream of
nitrogen to ensure the correct acid concentration
required for the hydrolysis. The glucan contents
were calculated in dry matter. Total dietary fibres
were determined as soluble and insoluble fractions
according to the enzymatic method AOAC 991.43
combined with Total Dietary Fibre, K-TDFR 06/0
(Megazyme, Ireland). Relative standard deviations
of the methods used were 6.1% (total and a-glu-
cans) and 7.2% (total dietary fibres).

RESULTS AND DISCUSSION
Dietary fibres

Figure 2 shows the dietary fibre contents in dry
matter (TDF - total dietary fibres, IDF — insolu-
ble dietary fibres, SDF — soluble dietary fibres)
in the fruit bodies (pilei and stems separately)
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of both Pleurotus species. The dry matter values
of the fruit bodies (pilei and stems) ranged from
9.0% to 14.3%, confirming the high moisture con-
tent of these samples (BREENE 1990; MANZI et
al. 1999). The TDF contents were 34.5-63.1% in
pilei and 38.9-64.8% in stems. The highest TDF
level (64.8%) was observed in the stems of strain
77, the lowest TDF level (34.5 %) in the pilei of
strain L22 P. ostreatus. The TDF values of the
latter strain are close to the earlier reported TDF
values of P. sajor-caju: 33.1% for pilei and 35.5%
for stems (CHEUNG 1996). Fin all the samples,
the IDF contents (29.2-61.4%) were significantly
higher than those of SDF (2.0-4.9%). The stems
contained higher amounts of IDF (36.7-61.4%)

Figure 1. Fruit bodies of Pleurotus ostreatus, strains 70 (A),
77 (B), L22 (C) and 137 (D), and Pleurotus eryngii, non-
specified (E), used in this work

than, the pilei (29.2-51.4%). The SDF contents
in the pilei (2.0-4.7%) and stems (3.3-4.9%) were
comparable but showed evident specificity as to the
strains and species. As a rule, the stems contained
more TDF and IDF than the pilei; en exception was
strain 77 of P. ostreatus showing reciprocal rela-
tions. For comparison, MANZI et al. (2001, 2004)
reported dietary fibre values in fresh fruit bodies
of P. ostreatus (47.3% TDF, 42.4% IDF and 5.0%
SDF) and P. eryngii (34.6% TDF, 30.7% IDF and
4.0% SDF) related to dry matter like in the present
work. Thus, our results are comparable with the
literature data, although strains 77 and 70 showed
significantly higher values of TDF and IDF which
could be explained by the strain specificity.
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The - and B-glucan contents in the pilei and
stems of P, ostreatus and P. eryngii are summarised
in Figure 3. Total glucans were obtained by com-
plete acidic hydrolysis of the samples, a-glucans
by enzymatic hydrolysis with a-amylase and a-glu-
cosidase. The fruit bodies contained small amounts
of a-glucans: 3.4-7.9% in pilei and 3.0-7.6% in
stems (P. ostreatus), and 3.6% in pilei and 4.3% in
stems (P, eryngii). The contents of f-glucans, which
were calculated as a difference between the total
and a-glucans, were 27.4-39.2% in the pilei and
35.5-50.0 in the stems (P. ostreatus), and 20.4% in
the pilei and 39.1% in the stems (P eryngii). It is
evident that the glucan contents showed topologi-
cal specificity in the fruit bodies and significantly
differed between the species of Pleurotus as well
as between the individual strains of P. ostreatus.
The fruit bodies of P. eryngii contained a lower
amount of glucans than were those found in most
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Figure 2. Contents of dietary
fibres (TDF - total dietary fibres,
SDF - soluble dietary fibres,
IDF - insoluble dietary fibres)
in pilei and stems of P, ostreatus
(strains 77,70, L22 and 137) and
P. eryngii (non-specified)
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strains of P. ostreatus. In all the cases, the stems
contained more -glucans than the pilei. The high-
est level of B-glucans was found in the stems of
strain 77 of P. ostreatus (50.0% in stems, 39.2% in
pilei), while strain L22 showed the lowest level
of B-glucans in the case of this species (35.5% in
stems, 27.4% in pilei).

In contrast, according to enzymatic analysis
based on direct hydrolysis by lichenase and p-glu-
canase, MANZI et al. (2000, 2001, 2004) reported
about 1-2 order lower contents of p-glucan in
fresh fruit bodies of P. ostreatus (0.24—0.38% and
1.6%) and P. eryngii (0.22—0.38% and 3.1%) related
to dry matter. We suggest that out of the possible
reasons for the low B-glucan content mentioned by
the authors (MANzZI & P1zZOFERRATO 2000), the
most probable appears to be the presence of inert
material in the fibre residue, maybe an insoluble
chitin-glucan complex, that prevents the diffu-
sion of enzymes during the B-glucan determina-
tion. This assumption is supported by the evident
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Figure 3. Contents of a- and
B-glucans in pilei and stems
of P. ostreatus (strains 77, 70,
L22 and 137) and P. eryngii
(non-specified)
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increase of B-glucan content in the fruit bodies
after cooking (partial degradation of insoluble
chitin-glucan complex) or in the samples without
previous washing with aqueous ethanol that may
lead to removal of the low molecular fraction of
B-glucan (MANZI & P1ZzZOFERRATO 2000; MANZI
et al. 2001).

On the other hand, following the assumption
mentioned, we cannot exclude that the relatively
high contents of B-glucan obtained in this work
(Figure 3) resulted from incomplete enzymatic
hydrolysis of some cell wall a-glucans integrat-
ed into insoluble chitin-glucan complexes. Such
a-glucans, which are not available for the enzymes
commonly used in the set, can be structurally dif-
ferent from amylose or phytoglycogen. Linear
a-1,3-glucan (pseudonigeran) as well as more com-
plex polysaccharides including mixed «,3-glucans
have been isolated from various mushrooms and
microscopic fungi (HORISBERGER et al. 1972; KiHO
et al. 1989; CHEN et al. 1998; ZHANG et al. 1999;
JIN et al. 2004; WANG et al. 2007); and our pre-
liminary investigation confirmed their presence in
the fruit bodies of Pleurotus. The susceptibility of
specific fungal a-glucans to enzymatic hydrolysis
by a-amylase and a-glucosidase has not yet been
studied, so we cannot be fully confident that the
method of B-glucan assay used in this work is more
effective than that used by MaNz1 et al. (2000, 2001,
2004). To clarify this problem, we will report on
further investigation devoted to the spectroscopic
characterisation and enzymatic analysis of polysac-
charide fractions isolated from the fruit bodies of
P, ostreatus and P. eryngii (SYNYTSYA et al. 2009).

CONCLUSION

It can be concluded that the fruit bodies of
P. ostreatus and P. eryngii contain significant
amounts of B-glucans, which are components
of both insoluble and soluble dietary fibres. The
contents of these polysaccharides in the fruit bod-
ies vary with the strains and species. The stems
are a better source of IDF and glucans than are
the gastronomically attractive pilei, and, there-
fore, the stems can be used for the preparation
of biologically active polysaccharide complexes
utilisable as food supplements. In relation to the
significant difference between B-glucan contents
obtained in this work and those reported ear-
lier, further work is now in progress with the aim
to evaluate the possible influence of non-starch

a-glucans on the enzymatic analysis for f-glucan
in the fruit bodies of Pleurotus.
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Abstract

The scheme of flour milling in mill can be expressed in diagram as a milling flow. There can be described a weight
part or percentage of flour from every stage of breaking, scratch and reduction. The similar flow diagram can be
drawn expressing the ash content in every of flour streams of a whole milling flow. A milling flow of barley is
considerably different from that of wheat and to some part also from rye mill flow. Currently, high-yielding naked
barley cultivars are preferred in the Western world, and they can be used in products where outstanding starch or non-
starch polysaccharide properties are required. The aim of this work was to assess the milling results with regard to the
yield of single streams in connection with their chemical composition, especially B-glucans (fiber) content. Barley
sample was naked barley of Czech origin of crop 2010. The balance tables showing the yield of $-glucans and ash in
single streams were compiled. Resulting data were judged in comparison to the milling flow with the purpose to
recommend the parameters and best streams of milling flow as a source of special nutritionally lucrative products.

© 2012 Published by Elsevier Ltd. Selection under responsibility of the Congress Scientific Committee
(Petr Kluson) Open access under CC BY-NC-ND license.

Keywords: barley; milling; streams; b-glucans

1. Introduction

Barley (Hordeum vulgare) is one of the oldest agricultural crops worldwide and is one of the
economically most important plants. Until recently, the majority of barley grown in Czech Republic
consumed as feed, in malting and brewing, and as barley pearls and flakes. Recently we have observed a
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renewed interest in barley bread, bakery and pasta production.

The major components of barley grain are starch (source of energy), non-starch polysaccharides call
dietary fiber (effect on the activity of human body) and protein (nutritional value and technological
quality). Barley is a source of the range of bioactive ingredients (dietary fiber, phytate, phenolic
compounds) and the consumption of barley products is associated with positive health effects and
benefits. The considerable amount of nutritionally important fiber has focused a lot of attention on the
matter of designing new foods containing barley, mainly barley flour, barley milling fractions, and pearl.
The dominating soluble fibers components in barley are the f-glucans and the arabinoxylanes, located
mainly in the cell walls of the endosperm and the aleurone layer.

Barley genotypes have been classified as hull-less or naked and hulled. Naked cultivars have better
nutritional value than hulled ones as they contain more proteins, lipids and soluble dietary fiber. Naked
barley flour was incorporated into white and wholegrain wheat bread and the bread showed acceptable
and desirable nutritional and sensory properties [1]. Milling fractions of naked barley, and dough and
bread with naked barley flour were analyzed with regard to properties of B-glucans (viscosity and
molecular weight distribution), dough formation and bread making [2]. The distribution of nutrients and
functional constituents in the barley kernel is not uniform. Barley fractions rich in f-glucans have been
obtained by various combinations of pearling, grinding, sieving and air classification. Physicochemical
properties of naked barley fiber-rich fractions varying in particle size were investigated [3]. Izydorczyk et
al. (2003) [4] reported a simplified roller milling procedure that gives a high yield of a fiber-rich fraction
from naked barley.

Barley flour is generally produced by roller milling. A milling flow of barley is considerably different
from that of wheat and to some part also from rye mill flow. The milling of barley is more simply. The
rye mill with modified setting of passing is often used for barley milling fractions and flours. Barley bran
is brittle and shatters regardless of kernel conditioning, which makes milling of barley into sifted flour
difficult and yields are low compared with wheat milling [5]. The milling performance of North European
naked barleys was studied. Four samples of barley were milled in a laboratory mill and individual and
combined milling fractions were characterized [6]. The chemical composition (ash, protein, starch, [3-
glucan and arabinoxylan) of the milling fractions varied depending on barley type. Fractions with higher
contents of B-glucan can be obtained by air classification [7]. Bran has been produced from hull-less
barley at a yield of about 30% and with a -glucan content of 6.5% [5].

Barley flour showed variations in water absorption capacity and baking performance with different
polysaccharide content and composition [8].

The aim of this work was to assess the milling results with regard to the yield of single milling streams
in connection with their chemical composition, especially B-glucans content. Barley sample was a naked
(hull-less) barley of Czech origin of crop 2010. Resulting data were judged in comparison to the milling
flow with the purpose to recommend the parameters and best streams of milling flow as a source of
special nutritionally lucrative products.

2. Experimental
2.1 Milling

A naked barley variety (2-rowed, spring, 2010 crop, grown in the Czech Republic) was processed on
twenty four milling fractions (passages) in the industrial mill in K¥esin (Czech Republic). The milling of
whole barley grain took place according to the diagram of a milling flow (Fig. 1). This milling procedure
involved fourteen flour passages (the letter F in the text) and nine break passages (the letter B in the text)
and bran. There was described a weight part or percentage of flour and break from every stage of
breaking, scratch and reduction (Table 1). The similar flow diagram was drawn expressing the ash content
in every of flour and break streams of a whole milling flow (Table 1).
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2.2 Characterization of milling fractions

Fourteen flour fractions, nine break fractions and a sample of bran were analyzed. Moisture content
was determined by drying the samples at 105 °C to constant weight (ICC 110/1, 1996) [9]. Ash content
was determined by burning at 925 °C to constant weight (ICC 104/1, 1996). Nitrogen content was
measured by using the Kjeldahl method and multiplied by a factor 5.7 to determine the protein content
(ICC 105/2, 1996). The soluble, insoluble and total dietary fiber content was determined in analyzed
samples according to the method AOAC 985.29 (AOAC, 1990) [10] combined with Total dietary fiber
assay kit K-TDFR 01/04 (Megazyme International Ireland Ltd., Wicklow, Ireland). The content of mixed
linkage (1—3)(1—4)-B-D-glucans was determined according to the AACC Method 32-23 [11] combined
with McCleary method assay procedure K-BGLU (Megazyme International Ireland Ltd., Wicklow,
Ireland). Sedimentation test of SRC (solvent retention capacity profile) (AACC 56-11) was based on the
reaction of individual components (gluten, damaged starch, arabinoxylans-pentosans) of flours with water
and aqueous solvents of sucrose, sodium carbonate or lactic acid.

All the determinations were carried out in duplicate and were expressed on dry weight basis. The
relationships among the different analytical parameters of analyzed milling fractions were tested by a
simple correlation (Pearson correlation). Significant differences were declared at P<0.05.
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Fig. 1. Milling scheme of a barley (B ... breaks passage, breaking procedure, R ... reduction procedure
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Table 1. The yield of single barley streams and balance of ash and 3-glucan

i i Ash - -
Passages 22;/1}?) Ilzz(a)sr;laogI:e;)f% (%) Ash balance p %})/li;’an Eai?rizgn
F1 7231  8.51 1.05 0.0891 22 0.1914
F2 3.20 0.38 1.19 0.0045 2.1 0.0078
F3 1.71 0.20 2.11 0.0042 6.4 0.0127
F4 22.06 2.59 1.91 0.0494 54 0.1386
F7 8.39 0.99 1.32 0.0131 3.0 0.0296
F8 1.12 0.13 1.58 0.0020 3.2 0.0042
F9 0.60 0.07 1.95 0.0014 5.1 0.0036
F10 4336 5.10 3.11 0.1584 5.6 0.2840
F11 88.23  10.38 2.02 0.2095 4.7 0.4828
F12 9.00 1.06 2.77 0.0294 5.8 0.0619
Fl14 0.97 0.11 1.71 0.0019 4.5 0.0050
F16 3121 3.67 1.38 0.0508 2.7 0.0995
F17 35.77 421 5.10 0.2148 3.1 0.1293
F18 19.35 2.28 1.93 0.0440 4.8 0.1088
B1 40.96 4.82 2.27 0.1096 3.7 0.1760
B4 31.70  3.73 1.53 0.0569 4.6 0.1703
B6 21.27  2.50 2.65 0.0662 4.6 0.1138
B7 2.03 0.24 3.84 0.0092 5.8 0.0140
B11 31642 37.22 4.29 1.5964 4.4 1.6454
B12 7.17 0.84 3.11 0.0261 6.3 0.0530
BI15 0.37 0.04 2.62 0.0010 6.4 0.0026
B17 51.31  6.03 2.92 0.1763 6.5 0.3903
B18 4170  4.90 4.22 0.2066 6.2 0.3049
bran 127.53 13.04 4.67 0.6091 6.0 0.7774

3. Results and discussion

The yield and portion of single barley streams is showed in Table 1. Passages F1, F10, F11, B1, B17
and B18 were high-yielding passages. The highest yield showed the break passage B11 (319.42 kg/h) and
bran (127.53 kg/h). The lowest yield was 0.37 kg/h (B15) and 0.60 kg/h (F9).

The higher content of ash had flour fraction F17 (5.10%), break fractions B11 (4.29%) and BI18
(4.22%) and barley bran (4.67%) (all values are related to dry matter) (Table 1). Ash balance was
compiled with regard to portion of passage and its ash content.
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Content of B-glucans ranged from 3.7% to 6.5% in break fractions and from 2.1% to 6.4% in flour
fractions. The highest level of B-glucans was found in fraction F3 (6.4%) and F12 (5.8%) and in break

fractions B12, B15, B17 and B18 (over 6%).

Starch was the major component of all observed fractions of flour (47.5 to 66.8%) and break (48.0 to
56.5%). The protein content ranged from 6.7% (F4) to 12.2% (F16) and from 9.1% (B1) to 14.3% (B9).

The comparison of B-glucans and protein content in studied fractions is showed in Fig. 2. Statistically
significant strong positive correlations were observed between -glucan and protein (r=0.86, P<0.05).
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Fig. 2. Comparison of the content of $-glucans and proteins in barley fractions

Passages F9, F10, F11, F12, F14, F16, F17, F18, B7 and B12 were rich in dietary fiber. The content of
total dietary fiber ranged from 5.1% (F1) to 22.7% (F16) and in selected break fractions from 15.0%
(B12) to 25.5 % (B7) (Fig. 3). The insoluble dietary fiber involved a predominant part of total fiber

(except for a fraction F7).
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Fig. 3. The content of dietary fiber in selected samples of flours and breaks (IDF - insoluble dietary fiber, SDF - soluble dietary
fiber, TDF - total dietary fiber)

Solvent retention profile (SRC) of milling barley fractions is showed in Fig. 4. The value of SRC of
lactic acid (SRC 4) characterized the high content of glutelins (high molecular protein fraction) in flour
fractions F12, F16 and F18 (value about 160%) and in break fractions B7 to B18 (values from 173% to
213 %). It corresponded to the increase of protein content determined by Kjeldahl. The highest content of
glutelin was found in break fraction B9 (219 %). It is very interesting to find such a high content of
glutelin in break fractions.

The retention capacity of sodium carbonate (SRC 3), which is related to the content of damaged starch,
is more evident in flour fraction F9 (170%) and in break fraction B18 (273%). The results show that
higher value of SRC 3 in compared with the values of SRC 3 of flour fraction was found in the break
fractions (especially from B7 to B18).

The increased value of SRC of sucrose (SRC 2) indicated higher content of arabinoxylans in fractions
F16 (213%) and F18 (188%). The highest amount of arabinoxylans was found in break fractions from B7
to B18 (values from 231 to 317%).

The highest of water absorption was caused by the present of water-soluble components (f-glucans
and arabinoxylans). The highest weight of retained water was observed in fraction F16 (155%) and F18
fraction (160%), and in break fraction B9 (213%) and B18 (190%)).
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Fig. 4. Solvent retention capacity profile of analyzed barley milling passages

Statistically significant strong positive correlations were observed between B-glucan and soluble
dietary fiber (r=0.88, P<0.05) and between [-glucan and SRC of sucrose (r=0.93, P<0.05). A strong
positive correlation between the content of B-glucan and protein and between f-glucan and soluble fiber
was confirmed with the results obtained by Holtekjolen et al. (2006) [12]. Positive correlations were
found between soluble dietary fiber and SRC of water (1=0.95, P<0.05), between proteins and total
dietary fiber (r=0.88, P<0.05). Significant negative correlations were observed between protein and starch
(r=-0.83, P<0.05) and between content of B-glucan and starch (r=-0.69, P<0.05).

4. Conclusions

The single milling barley fractions were characterized by different composition and physicochemical
properties. It was possible to select lucrative flour and break milling fractions with desired composition
from the set of fractions. Optimal fractions F4, F10, F11, F17, F18, B11 and B17 were chosen according
to their yield, nutrition and technology.
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Abstract: This work is focused on the characterization and rapid analytical determination of cereal flour quality with regard to
nutritional and breadmaking quality. Starch, protein and non-starch polysaccharides are the main components of cereals. The content
and quality of proteins and content of damaged starch is important because of the technological quality of flours. The high content of
high molecular weight proteins is substantial for bread technology especially, while soluble protein fractions and non-starch
polysaccharides are important for nutrition. The set of wheat, barley and rye flours and their blends were analyzed and their
properties and their qualitative parameters were determined. Principal component analysis (PCA) was used on Fourier
transform-infrared (FT-IR) spectra in the 1,200-800 cm™ wavenumber region and significant correlations of various nutritional and
breadmaking parameters were observed. Results showed that the FT-IR spectroscopy and PCA can serve for rapid screening and
classification of cereal flour quality.

Key words: Cereals, flour, quality, FT-IR spectroscopy, PCA.

1. Introduction the bread formula [1-3]. However, Hung [4] presented

. . ) a new kind of whole waxy wheat with higher dietary
Cereals play the main role in the agricultural
] o . ] ] fiber content than regular whole wheat flour. Among
production of the majority of countries. This fact is .
) . ) commonly grown cereals, whole grain rye has the
connected first of all with the importance of cereals in ) ; ] )
. . highest dietary fiber content [5]. Rye is considered to
nutrition. The greatest part of wheat and rye is used for .
. be a healthy cereal with regard to a number of
bread and bakery products in Northern, Central and ) ) . . ]
. . bioactive compounds such as phenolic acids, lignans
Eastern Europe and they contribute to an important .
. . . . and also alkylresorcinols [6]. Recently we have
source of protein and dietary fiber in the diet as well as . .
. . . . observed a renewed interest in barley for food
in the Czech Republic. Wheat is the most important ) ] T
. . . production [7]. As the latest investigations were
crop for breadmaking because of its supreme baking . . .
) . ) accomplished in barley breeding, the new
performance in comparison with all other cereals. Only . .
. . . beta-glucan-rich barley for baking was developed [8].
wheat proteins can make the three-dimensional ] o
) Hull-less cultivars of barley have better nutritional
network (gluten structure) of wheat dough during . . .
.. . ) value than hulled ones with regards to higher protein
mixing and kneading of dough. However, wheat is .
T . and soluble dietary fiber content. A hull-less barley
lower in dietary fiber content and the nutritive value of . ) ) ]
. ) flour was incorporated into white and wholegrain
bread could be increased by a supplementation of rye
. . . . wheat bread and the bread showed acceptable and
and barley or an addition of isolated dietary fiber into ] » ]
desirable nutritional and sensory properties [9].

. The main components of cereals are carbohydrates
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and available: starch) and proteins. Starch is a major
food reserve providing a bulk nutrient and energy
source with high glycemic response in the human diet
[10]. The content of starch in a cereal grain varies but
generally it is between 60% and 75% of the weight of
the grain. During cereal processing and grain milling
in particular, the content of damaged starch is raised in
the flour and can influence the technological quality of
flour and handling of dough. Starch granule size
distribution is an important factor that affects the
quality of final cereal products. The effects of wheat
starch granules size distribution were observed on
mixing and breadmaking quality [11]. The
determination of total or damaged starch can be
carried out by chemical end group analysis or modern
enzymatic methods. Determination of starch content
by hydrochloric acid dissolution consists of
break-down of starch in acid and measuring of the
optical rotation of formed products in solution. The
determination is more exacting and Carrez solutions
(one of them contains cyanide) are necessary to
protein precipitate. Measurement of total or damaged
starch by enzymatic kit is rapid, easy but expensive.
The content of proteins in the fully-grown grains
varies from 8% to 15% in dry matter. Dominant part
of proteins is stored in endosperm and aleuronic layer
of cereal grain. Cereal proteins have a high content of
glutamine and proline and a very low content of
essential amino acids as lysine and threonine. The
earliest classification of cereal storage proteins is
based on their solubility properties and it is often
called Osborne fractionation [12]. Albumins and
globulins belong to water-soluble fractions with low
molecular weight and especially have the nutritive
importance. Gliadins (prolamins) and glutelins have
higher molecular weight (from 30 kDa to 20 MDa)
and they are extracted in alcohol-water mixture and
alkaline-water mixture, respectively. The ratio
between high and low molecular weight gluten
fractions is predominant for baking performance.

Therefore, it seems that the greater the content of large

molecular weight glutenin subunits, the larger the
glutenin polymers and the stronger the flour [13].
Tatham [14] published the up-to-date review of wheat,
barley and rye prolamins structure, physical chemistry
and their functional properties. Protein in flour can be
determined chemically by the Kjeldahl method, but
the procedure is very complex. The indirect test by
near-infrared spectroscopy (NIR) is very widely used
in the milling industry but calibration should be
carrying out carefully. The particular protein fractions
can be separated by liquid chromatography with
reverse phase and UV detection. The baking quality of
gluten can be expressed by degree of sedimentation
(according to Zeleny) of flour suspended in a lactic
acid solution during standard time interval.

Dietary fiber is the edible part of the plants or
analogous carbohydrates that are resistant to digestion
and absorption in the human small intestine with
complete or partial fermentation in the large intestine
[15]. Detailed medical experiments indicated [16, 17]
that dietary fiber can stimulate weakening of hunger,
stimulating peristaltic movements, reducing the level
of blood glucose, regulating the activity of microbial
flora, lowering of cholesterol blood serum level and
decreasing of the risk of civilization diseases [18].

Dietary fiber can be classified into water-soluble
(SDF) and water-insoluble dietary fiber (IDF) according
to their water solubility. The significant components of
cereal water-soluble fiber are B-glucans, arabinoxylans,
galactomannans, fructans and arabinomannans which
can form viscous solutions. Water-insoluble dietary
fiber consists of cellulose, hemicelluloses and lignin
primarily. Lignin is a lipophilic phenolic polymer that
can absorb bile acid [3]. The content of B-glucans and
fiber is determined mostly enzymatically. Determination
of fibre content is time consuming and expensive
(enzyme assay kit, reagents).

Original gravimetric, enzymatic and chemical
methods of analysis were not capable to determine
reproducibly

and quickly the properties and

constituents of grain mixtures. On the other hand,
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vibrational spectra have recently found their importance
[19]. Mid infrared
spectroscopy in the wavenumber range 4,000-400 cm™

in qualitative food analysis

is a rapid, sensitive and versatile tool for elucidating the
structure and physical properties of starch [20] and
other carbohydrates [21]. The most important strong
absorptions for starch are at 1,150, 1,075 and 1,015
cm’ assigning the bending vibration of (CO) groups,
and medium absorptions at 845 cm’
bending vibration (C,-H) of B-anomer [20, 22].

Proteins have several strong absorptions in infrared

assigning the

region due to the presence of peptide bond CO-NH.
The strongest are stretching vibration of (N-H) groups
3,300-3,200 cm’ (Amide A),
stretching vibration of (C = O) at 1,690-1,620 cm’
(Amide I), bending vibration of (N-H) (Amide II) at
1,550-1,500 em’  and bending
(N-H)/(C-H) at 1,300-1,200 cm™ (Amide III) [23].

Absorbance of specific peaks in the mid infrared

at wavenumber

vibration of

spectrum can be correlated with particular cell wall
molecules: cellulose 1,162, 1,120, 1,059, 1,033, 930
and 898 cm'l; B-glucan 1,151, 1,140, 1,076, 1,041,
1,026, 916 and 840 cm’'; arabinoxylans 1,166 and 998
cm'l; glucomannan 1,150, 1,092, 1,064, 1,034, 941,
898, 872 and 814 cm’; and arabinogalactan 1,139,
1,078, 1,043, 985, 880 and 842 cm™ [24-26]. The
characteristic wavenumbers for cell wall non-starch
polysaccharides were selected on the basis of the
application of chemometric analysis [24]. It was also
proved to be useful for a quick evaluation of
polysaccharides used as additives in foodstuffs [27].
The aim of this work was to determine the quality
of selected flours using several analytical methods to
find the relationship among flour quality parameters.
The set of Czech and Moravian wheat, barley and rye
flours and their blends were analyzed and their
qualitative parameters, such as content of moisture,
ash, protein and starch, protein fractions, value of
sedimentation Zeleny test, solvent retention capacity
profile, gluten index, content of soluble, insoluble and

total dietary fiber and B-glucans, were determined.

Fourier transform-infrared spectroscopy and principal
component analysis were applied to correlate various

nutritional and breadmaking parameters.

2. Materials and Methods
2.1 Sample Characterization

Totally 34 samples of commercial flours from
wheat (Triticum aestivum) (winter), barley (Hordeum
vulgare) (2-rowed, spring, hull-less) and rye (Secale
cereale) were analyzed. 7 samples of wheat flours
growing in 2010 in different Czech regions, 12
samples of wheat flours growing in 2010 in different
regions of Moravia, 3 samples of barley flours (Czech
region, 2010 crop), 1 sample of barley bran (Czech
region, 2010 crop), 1 sample of rye flour (Czech
region, 2010 crop) and 10 samples of flours blends
were used as experimental materials (Table 1). The
blends
proportions of cereals (20%, 30%, 40%, 50% and 60%
portions of Dbarley to wheat; and Dblends
wheat:rye:barley 30%:10%:60%, 25%:15%:60% and
20%:20%:60%). Samples no. 15 and 16 were wheat
flours for biscuits and cookies, samples no. 17 and 18

were prepared by mixing in various

were blends wheat-rye flours for bread and bakery
production. Samples no. 19-34 were wheat flours for
bread production. All flours were sieved through a 0.8

mm sieve.
2.2 Chemical Analysis

Moisture content was determined by drying at
105 °C to constant weight [28]. Ash content was
determined by burning the samples at 925 °C to
constant weight [28]. The soluble, insoluble and total
dietary fiber content was determined according to the
method AOAC 985.29 [29] combined with total
dietary fiber assay kit K-TDFR (Megazyme
International Ireland Ltd., Wicklow, Ireland). The
content of mixed linkage (1—3)(1—4)-B-D-glucans
was determined according to the AACC Method
32-23 [30] combined with McCleary method assay
procedure K-BGLU (Megazyme International Ireland
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Table1 Summary of analyzed samples of flours and their
blends.

Sample No. Type of flour S)rclilil(lm
1 wheat Czech
2 barley:wheat (20%:80%) Czech
3 barley:wheat (30%:70%) Czech
4 barley:wheat (40%:60%) Czech
5 barley:wheat (50%:50%) Czech
6 barley:wheat (60%:40%) Czech
7 wheat:rye:barley (20%:20%:60%)  Czech
8 wheat:rye:barley (25%:15%:60%)  Czech
9 wheat:rye:barley (30%:10%:60%)  Czech
10 barley Czech
11 barley bran Czech
12 barley Czech
13 barley Czech
14 rye Czech
15 soft wheat for cookie Czech
16 soft wheat for cookie Czech
17 wheat: rye (70:30) for bread Czech
18 wheat: rye (60:40) for bread Czech
19 wheat for bread and bakery Czech
20 wheat for bread and bakery Czech
21 wheat for bread and bakery Czech
22 wheat for bread and bakery Czech
23 wheat for bread and bakery Moravia
24 wheat for bread and bakery Moravia
25 wheat for bread and bakery Moravia
26 wheat for bread and bakery Moravia
27 wheat for bread and bakery Moravia
28 wheat for bread and bakery Moravia
29 wheat for bread and bakery Moravia
30 wheat for bread and bakery Moravia
31 wheat for bread and bakery Moravia
32 wheat for bread and bakery Moravia
33 wheat for bread and bakery Moravia
34 wheat for bread and bakery Moravia

Ltd., Wicklow, Ireland). Total starch content was
quantified enzymatically by a total starch assay kit
from Megazyme (AACC 76-13) [30]. Nitrogen
content was measured using the Kjeldahl method and
multiplied by a factor 5.7 to determine the protein
content (ICC 105/2, 1996) [28]. Fractionation of
proteins was performed by modified procedure [31].
Determination of gluten quality by means of the
sedimentation index (Zeleny test) (ISO 5529:2007)
[32] and gluten index (GI) (AACC 38-12) [30] was

carried out. Sedimentation test of SRC (solvent
retention capacity) profile (AACC 56-11) [30] was
based on the reaction of individual components
(gluten, damaged starch, arabinoxylans-pentosans)
with water and aqueous solvents of sucrose, sodium
carbonate or lactic acid.

All the determinations were carried out in duplicate
and were expressed on dry weight basis. Fourier
transform infrared spectra (FT-IR) of flours and their
blends were measured and processed by principal
component analysis (PCA).

2.3 FT-IR Spectroscopy and Statistical Analyses

Fourier transform infrared spectra (FT-IR) of flours
and their blends were measured in the wavenumber
region of 4,000-400 cm™' (mid infrared region) in KBr
tablet, transmittance mode and at the resolution of
2 cm’. Collected spectra were processed by PCA
within the 1,200-800 cm™ region (software package
Statistica, version 7.1, StatSoft CR, Czech Republic).
The relationships among the different analytical
parameters of analyzed flours were tested by a simple
correlation
differences were declared at P < 0.05.

(Pearson  correlation).  Significant

3. Results and Discussions
3.1 Breadmaking Characteristics of Flours

The higher content of ash had barley bran (3.8%)
and blends (1.1%) (all values are related to dry matter)
(Table 2). The content of total starch was determined
from 62% to 73%. The average content of protein in
flours was 12.7%, whereas the highest content of
protein (15.2%) was found in sample no. 25 (wheat
Moravian flour) and the lowest content (7.5%) was in
sample no. 17 (wheat: rye Czech flour). The samples
of Czech flours (samples no. 19 to 22) had higher
content of protein in comparison to samples of
Moravian flours (samples no. 23 to 34). The values of
GI, Zeleny sedimentation and SRC of lactic acid
(expression of glutelins quality) were not significantly
distinct for wheat Czech and Moravian flours. An
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Table 2 Breadmaking characteristics of studied samples (values are expressed in % in dry matter).

Sample Moisture  Ash Starch Protein GI Zeleny test SRC water SRC . SRC sodium ~ SRC
No. lactic acid  carbonate sucrose
1 12.7 0.4 72 12.6 96 31 64 132 76 100
2 12.1 0.6 69 12.3 92 31 65 104 82 99
3 12.0 0.8 69 12.0 94 26 68 94 88 102
4 11.8 0.9 67 11.8 89 25 71 92 91 105
5 11.6 1.0 66 11.6 90 20 73 88 96 106
6 11.6 1.1 62 11.4 97 17 77 91 100 108
7 11.0 1.1 69 11.1 66 13 83 105 114 124
8 11.3 1.1 70 10.7 72 12 81 102 110 120
9 11.5 1.1 70 10.5 75 14 82 97 108 117
10 13.6 1.0 69 10.9 imp. 25 91 106 120 133
11 11.5 3.8 69 8.9 imp. 18 134 134 148 197
12 12.1 0.9 70 6.7 imp. 25 76 96 98 122
13 10.9 1.9 70 9.4 imp. 43 89 113 129 124
14 11.6 0.7 60 8.0 imp. 23 121 126 155 153
15 14.3 0.5 65 9.8 92 31 86 162 103 105
16 14.0 0.5 65 9.5 84 30 77 177 97 102
17 8.9 0.7 63 7.5 imp. 30 149 141 135 118
18 13.7 0.8 62 11.4 imp. 30 95 169 118 125
19 14.3 0.5 62 13.5 96 44 84 184 108 121
20 14.0 0.5 67 12.2 87 39 80 183 90 82
21 12.5 0.5 66 13.6 85 48 83 182 108 128
22 14.0 0.5 65 13.1 96 40 84 186 111 106
23 14.2 0.5 73 8.3 96 31 87 175 99 136
24 15.1 0.5 73 9.6 97 39 78 182 89 131
25 15.2 0.5 74 9.3 96 41 85 172 100 136
26 13.1 0.5 70 9.7 75 31 86 163 102 122
27 13.5 0.4 70 8.8 93 35 81 169 107 113
28 12.4 0.5 70 10.7 83 30 84 156 105 118
29 13.6 0.5 66 9.5 97 35 80 159 103 115
30 12.6 0.5 67 11.1 80 31 79 163 101 124
31 13.0 0.6 69 8.8 87 30 85 170 105 125
32 13.0 0.5 70 9.9 81 31 82 160 99 122
33 15.0 04 68 10.6 95 30 80 166 95 142
34 11.5 0.7 68 10.4 81 31 84 186 120 143

GI: gluten index;
SRC: solvent retention capacity;
imp.: it was impossible to analyze;

Data are averages of duplicates, presented as % of dry weight except for Zeleny test value, which is expressed in mL.

addition of barley and rye to wheat flour caused a
decrease of protein content in blends (decrease of
value of Zeleny test and gluten index) and pronounced
deterioration of breadmaking quality of flours. Wheat
flours for bread production showed the higher content
of gluten (Zeleny test, SRC of lactic acid) in
comparison with blends. Wheat flours and blends did

not show different value of gluten index.

Solvent retention profile of selected flours and their
blends is showed in Fig. 1. The value of SRC of lactic
acid characterized the high content of glutenins (high
molecular fraction of gluten) in wheat flours and the low
content of hordenins in barley flours (Table 2). The
highest content of protein, glutenin (determined by
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Fig. 1 Solvent retention capacity profile of selected flours and their blends.

SRC of lactic acid) and glutenin fraction was
determined in wheat Czech flour (sample no. 1). The
content of glutelin decreased both in wheat and barley
blends (samples no. 1 to 5) and in wheat, barley and rye
blends (samples no. 7, 8 and 9). It corresponded to the
decrease of protein content determined by Kjeldahl.
The mentioned tendency corresponds to the results of
fractionation (especially the content of glutelins).

The increased value of SRC of sucrose indicated
higher content of arabinoxylans in rye (sample no. 14)
and barley flour (sample no. 12). An addition of
barley and rye to wheat flour resulted in increase of
nutrition value of blends. The rye flour had higher
value of SRC of sodium carbonate; it can mean more
damaged starch and higher water absorption. An
addition of barley and rye to wheat flours increased
the value of SRC of sodium carbonate in blends. The
rye flour had the highest value of SRC of water. The
highest of water absorption was caused by the present
of  water-soluble

components  (B-glucans and

arabinoxylans). On the contrary wheat flours had the

lowest water absorption (low value of SRC of water).
3.2 Nutritional Characteristics of Flours

Generally, wheat flours had the lowest content of
dietary fiber and PB-glucans (Table 3). An addition of
barley or rye increased the content of fiber and
B-glucans in blends. Brennan [5] and Rakha [18]
described that the content of B-glucans is about 1% in
wheat grains, 1%-2% in rye and 5%-11% in barley. In
our case, barley flour contained from 2.5% of
B-glucan (sample no. 10) to 4.2% (sample no. 13).
The highest content of total dietary fiber had blended
flours (samples no. 6-9), barley flour (sample no. 13)
and rye flour (sample no. 14). The insoluble dietary
fiber involved a predominant part of total fiber.

The portion of protein fractions of Czech flours and
blends were not significantly different (Table 3). Only,
rye flour (sample no. 14) had evidently higher content
of albumins and globulins in comparison with other
cereals. The most often published wheat and barley
protein fraction proportions are 20%-25%, 40%-50%,
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Table 3 Nutritional characteristics of studied samples (values are expressed in % in dry matter).

Sample No.  B-glucan IDF SDF TDF Albumins and globulins  Gliadins Glutenins
1 0.2 1.9 1.4 3.0 19.8 31.7 48.4
2 1.0 32 1.4 4.7 20.7 339 455
3 1.6 3.0 1.9 6.3 22.1 33.8 44.1
4 1.8 2.1 2.4 6.0 22.6 34.0 434
5 2.3 54 2.2 7.1 23.5 33.9 42.6
6 2.7 5.2 3.1 8.5 24.8 339 41.3
7 2.9 4.9 29 9.2 28.4 329 38.7
8 2.7 5.5 3.1 9.0 27.4 33.1 39.5
9 3.1 5.3 32 9.1 26.1 333 40.5
10 2.5 2.4 1.5 4.1 27.2 26.3 46.5
11 3.0 6.5 3.7 9.8 26.1 26.9 47.0
12 2.7 2.1 1.8 4.2 26.4 26.8 46.8
13 42 4.0 2.6 7.0 26.1 26.6 473
14 1.3 4.0 2.9 7.9 439 25.8 30.3
15 0.1 0.9 0.4 1.5 19.1 35.5 45.4
16 0.1 1.0 0.4 1.5 19.3 36.2 445
17 1.1 1.8 1.3 3.1 34.1 24.4 41.5
18 1.3 1.7 1.4 3.2 21.2 30.7 48.1
19 0.5 1.7 1.4 32 21.8 33.1 45.2
20 0.5 1.8 1.5 3.2 23.2 33.0 43.8
21 0.6 1.6 1.3 3.2 22.5 30.0 475
22 0.5 1.9 1.2 3.2 23.1 333 43.6
23 1.1 1.6 1.3 3.2 19.4 35.0 45.6
24 1.2 1.7 1.5 3.1 21.5 36.8 41.7
25 1.1 1.8 1.3 3.0 233 39.7 37.0
26 1.1 1.7 1.0 3.0 22.0 28.2 49.8
27 1.1 1.7 1.2 3.0 222 37.0 40.7
28 1.0 1.6 1.3 2.9 27.0 30.8 422
29 1.2 1.8 1.5 3.0 24.2 154 60.4
30 1.1 1.8 1.4 3.1 24.9 14.3 60.8
31 1.0 1.8 1.5 3.1 27.1 12.9 60.0
32 1.1 1.6 1.3 3.0 20.9 32.7 46.4
33 1.0 1.7 1.2 29 21.9 35.1 43.0
34 1.2 1.9 1.7 3.2 21.2 40.7 38.1

SDF: soluble dietary fibre;
IDF: insoluble dietary fibre;
TDF: total dietary fibre.
and 35%-40% for albumins and globulins, gliadins
and glutenins, respectively [12]. Different fraction
proportion is showed in rye: albumins 44%, globulins
10%, gliadins 21% and glutelins 25%. Some Moravian
flours came from same place of origin (e.g. samples no.
23-25, or samples no. 29-31) and they had comparable
contents of protein fractions. The higher content of
glutenins and the lowest content of gliadins were found
in samples no. 29, 30 and 31. The content of glutelins
decreased in blends in accordance with a decrease of
total protein content determined by Kjeldahl.
Statistically significant positive correlations were

observed between B-glucan and protein (r = 0.85, P <
0.05), B-glucan and SRC of sucrose (r = 0.93, P <
0.05), between B-glucan and soluble dietary fiber (r =
0.88, P < 0.05), and B-glucan and gluten value of
Zeleny test (r = 0.81, P < 0.05). A strong positive
correlation between the content of B-glucan and
protein and between B-glucan and soluble fiber was
confirmed with the results obtained by Holtekjolen
[33]. Positive correlations were found between soluble
dietary fiber and SRC of water (r = 0.95, P < 0.05),
between proteins and total dietary fiber (r = 0.88, P <
0.05), and SRC of lactic acid and gluten value of
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Fig. 2 PCA score scatter plot of the FT-IR spectra of flours in the 1,200-800 cm™ wavenumber region. The clusters included the
individual wheat flours, barley, rye flours and blends on the basis of starch and non-starch polysaccharides content.

Zeleny test (r = 0.70, P < 0.05). Significant negative
correlations were observed between content of B-glucan
and starch (r = -0.69, P < 0.05) and between proteins
and starch (r =-0.83, P <0.05).

3.3 FT-IR Spectroscopy and Principal Component
Analysis

The transmission FT-IR spectra of flours and blends
were recorded. The characteristic region of starch,
non-starch polysaccharides and protein absorption was
observed. PCA was used on IR data and PCA score
allowed to separate the flours and their blends
according to the content of starch and non-starch

polysaccharides, especially B-glucan and fiber content.

The flours were separated to three clusters (wheat,
blends, barley and rye) (Fig. 2).

The application of a PCA to the FT-IR spectra in
the mid-infrared region was effective for fast
distinction of various different types of flours on the

basis of nutritional and breadmaking flour parameters.
4. Conclusions

An addition of barley or rye to wheat flour
influenced the quality of flour blends significantly.
The content of nutritive and healthy components

(soluble proteins, fiber, -glucans and pentosans) was
increased in blends, but the breadmaking quality
decreased (higher content of damaged starch, higher
water capacity and sticky dough).

FT-IR spectroscopy and chemometric analysis
(PCA analysis) can be used to a fast screening of the
cereal flour quality and to classification of flours on

the basis the specific purpose of their uses.
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Abstract

SLUKOVA M., KUBIN M., HORACKOVA S., PRiHoDA J. (2015): Application of amylographic method for deter-
mination of the staling of bakery products. Czech J. Food Sci., 33: 507-512.

Staling is the general term that describes the time-dependent loss in quality of flavour and texture of bakery products

after their baking and during storage. A modified amylographic method (viscometric measurement using the pro-

mylograph) for rapid evaluation of the staling rate of fine sweet wheat bakery products were verified. In comparison

with the standard method using an amylograph the modified amylographic method consisted in the measurement

performed at a constant temperature curve. The staling of bakery products was followed for several days by viscometric

measurement of crumb slurry, penetrometry measurement of crumb firmness, and evaluation of sensory properties

of bakery products. A significant correlation between viscometric results and penetrometry was found.

Keywords: bread; aging; viscosity of slurry; viscometric measurement of crumb; penetrometry; sensory evaluation

Staling is a complex process that starts immediately
after baking when products are cooled. It can be de-
scribed as a common result of physical, chemical, and
sensory changes affecting the consumer’s acceptability
of baked product. Retrogradation or recrystallisation
of starch polymers is supposed to be the main reason
for staling (BECHTEL et al. 1953 and others).

The three-dimensional structure keeping a shape of
baked wheat product is based on the spatial network
of protein macromolecules, and during baking the
main part of water from dough is absorbed by starch
polymers. At the temperatures higher than 60°C gluten
gelis denatured and water is transferred to starch poly-
mers and serves in its gelatinisation. Starch polymers
are changed from the partly crystalline microstructure
to the disordered one, mainly due to the migration of
water molecules inside the structure. During cooling
after baking, water starts to migrate back to its original
partly crystal lattice (RONDA et al. 2011).

Sensory changes of baked products are caused
by the loss of moisture in the crumb, and by the
retrogradation of starch polymers. During cooling

water migrates to the crust and in part is lost by
evaporation (GrRAY & BEMILLER 2003). The crumb
consequently hardens.

Different direct or indirect methods are used to study
the staling of baked products (KARIM et al. 2000). Di-
rect objective instrumental methods usually employed
a deformation measurement by the compression of the
crumb or penetration of a spherical or half-spherical
body into the crumb (penetrometer, texturometer,
Instron, etc.) (BAIK & CHINACHOTI 2000).

Three main types of indirect measurements are
used: a study of changes of microstructure by means
of electron microscope (RojaAs et al. 2000; BARCENAS
et al. 2006) or transmission microscope (HUG-ITEN
et al. 2001), measurement of crystal growth by means
of roentgen diffraction (DRAGSDORF & VARRIANO-
MARSTON 1980; SMITS et al. 1998; RIBOTTA et al.
2004), and measurement of changes of enthalpy
during crystal growth (Vopovorz et al. 1996; BAIK
& CHINACHOTI 2000).

Another method of indirect measurement of rheo-
logical changes of bread crumb during staling was
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proposed many years ago. The basic idea is that the
solubility of starch in the crumb depends on the part
of starch gel which has not yet returned to a crystal-
line structure. Consequently, the viscosity of crumb
suspension in water can be changed during staling
(YASUNAGA et al. 1968). The amylograph is designed to
measure the viscosity of starch or flour suspension and
its changes during heating. It is in principle a rotational
viscometer with the rather complicated geometry of
measuring space (ICC Standard 126/1). The method
described in International Standard is based on the
recording of viscosity changes during the heating of a
suspension up to a maximum consistency (“peak vis-
cosity” by the authors YASUNAGA et al. 1968) of fully
gelatinised starch. In the works mentioned, a standard
amylographic curve was plotted with the peak viscosity
under the heating of slurry. The peak viscosity of crumb
decreased continuously during the post-baking storage
of bread and was also decreased by additions of malt
to the bread formula. Some other authors obtained
seemingly contradicting results when either decreases
(YASUNAGA et al. 1968) or increases (XU 1985) were
found out in viscosity with storage times.

Bakery improvers such as enzymes (amylases, li-
pases, proteases, pentosanases), emulsifiers, hydrocol-
loids, and their blends serve as additives to improve
technological (rheological) and texture properties
of dough and slow down the staling of bread and
bakery products (HUG-ITEN et al. 2003; BARCENAS
& ROSELL 2005; JIANG et al. 2005; MOAYEDALLAIE
et al. 2010; ROoSELL & SANTOS 2010; PATEL et al.
2012, etc.). The addition of improvers (mostly in
ppm amount) affects the standard quality of dough
and bread and also the staling process of bread.

The aim of this study was to verify a modified
amylographic method (viscometric measurement
using a promylograph) for evaluation of the staling
process of fine sweet wheat bakery products. These
results were compared with those of conventional
methods such as penetrometry and sensory evalua-
tion. Three different dough improvers were used with
the purpose to prepare baked samples with different
crumb quality and different staling rate. Staling rate
means the changes of the crumb structure (crumb
firming) over time.

MATERIAL AND METHODS

Fine sweet wheat loaves were made using the for-
mula: white wheat flour T530 (100 kg) (MILLBA-
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CZECH Ltd., Mlyn Louny, Louny, Czech Republic),
fat (Favorit A, commercial margarine with 82% of
fat) (18 kg) (KaKa CZ, Jene¢, Czech Republic), sugar
(saccharose) (16 kg) (Tereos TTD, Ltd., Cukrovar
Dobrovice, Czech Republic), solid compressed yeast
(standard commercial fresh bakery yeast Saccharo-
myces cerevisiae) (5.5 kg) (Lesaffre Cesko, Olomouc,
Czech Republic), powder dough improver (1.5 kg)
(Mlyn Louny, Czech Republic), salt (1.2 kg) (K+S Czech
Republic, Olomouc, Czech Republic), water (45 1).

Characteristics of the wheat flour used: moisture
content (12.1% w/w), ash content (0.57% w/w, in dry
matter — DM), wet gluten content (35% w/w), falling
number (278 s), farinographic absorption (58.5% v/w).
Three types of dough improvers were used (labelled
A, B, V) with different effectiveness on crumb qual-
ity and staling. The improver A consisted of wheat
flour (Mlyn Louny), emulsifier (LAMETOP 500),
ascorbic acid, and the enzymes xylanase and lipase
(Nutrilife EM-U), amylase (Nutrilife AM 17; all BASE,
Ludwigshafen, Germany) and protease. The improver
B consisted of wheat flour (Mlyn Louny), emulsifiers
(LAMETOP 500 and Nutrisoft 55), ascorbic acid, and
the enzymes xylanase and lipase (Nutrilife EM-U)
and amylase (Nutrilife AM 17). The improver V
consisted of wheat flour (Mlyn Louny), emulsifier
(DATEM; BASE, Ludwigshafen, Germany), ascorbic
acid, and the enzymes xylanase (Nutrilife CCX 10),
amylase (Nutrilife AM 17), and glucose oxidase.
The components of each improver are shown in
descending order, and the exact amount of each
component in the used improver is a part of the
know-how of the mill and bakery MILLBA-CZECH.
All components of improvers were provided by the
producer Donauchem (Nymburk, Czech Republic).
Components were added to wheat flour in the mill
(Mlyn Louny).

Sweet loaves were made at the standard bakery plant
(based on the Internal Standard of MILLBA-CZECH
bakery). All the ingredients were homogenised in a
spiral kneader (DIOSNA, Osnabriick, Germany) for 11
minutes. Ripening time of dough was 5 min (31°C, 80%
humidity). Final proofing time was 65 min after shaping
on an industrial roller and topping. Dough pieces were
baked at 220°C for 13 minutes. After cooling the baked
loaves were wrapped in polyethylene bags, stored at
room temperature and analysed. The staling of cooled
fine sweet loaves was evaluated by viscometric method,
sensory evaluation and penetrometry.

Modified method for the measurement of staled
crumb viscosity. The staling of fine sweet loaves was
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examined in order to test the method. In our work
we measured the gelatinisation of crumb slurry with
T2-E promylograph (Max Egger, St. Blasen, Austria),
which was based on the entirely same principle of
measurement as amylograph (ICC Standard 126/1).
The method for the measurement of staled crumb
viscosity using a promylograph was developed by
the authors on the basis of series of experiments on
a laboratory scale and also in an industrial bakery
plant. The modified amylographic method demon-
strated the characteristics of starch polymers at a
constant temperature rate (30°C) while YASUNAGA
et al. (1968) showed the pasting characteristics of
starch in baked bread at an increasing temperature.
60 g of fresh or staled crumb from the central
part of fine sweet loaves was mixed with 145 ml of
water (30°C) in the mixer bowl for 1 min to make a
homogeneous suspension (slurry). The mixer slow-
est speed should be used to avoid slurry foaming.
The slurry was placed into a rotating bowl with the
pins fixed inside. Measuring head with the pins was
immersed into slurry. Depending on slurry viscos-
ity, the measuring head was turned and the angle of
turning was proportional to viscosity. The viscosity
of crumb slurry was recorded at the constant tem-
perature of 30°C in empirical units of promylograph
(PE) for 10 min of constant mixing and the highest
value (maximum on the curve) was shown on display.
The changes of crumb viscosity of fresh and stale
loaves were drawn in diagrams depending on the
time of storage in hours. Viscometric results were
expressed as means of duplicate analysis and evalu-
ated using the T2-E promylograph software (based
on Instructions for Measurements with Max Egger
Promylograph Apparatus, St. Blasen, Austria).
Penetrometry. The crumb firmness was measured
on a penetrometer (PNR-12; Petrotest Instruments,
Dahlewitz, Germany) during staling. The higher the
penetration depth of the crumb, the slower the stal-
ing process. Penetrometry instructions were based
on the producer’s Petrotest Instruments (http://
www.imeth.ch/downloads/petrotest-98-1301_pnr.
pdf). Results of penetrometry crumb firmness were
expressed as means of quadruple analyses.
Sensory evaluation. A panel of 7 skilled persons
(3 women, 4 men) evaluated sensory changes during
the storage of fine sweet loaves. Skills of the panellists
were verified by an accredited laboratory at Univer-
sity of Chemistry and Technology (UCT) in Prague.
Sensory evaluation was carried out based on internal
methodology of UCT in Prague and MILLBA-CZECH

(KADLEC et al. 1986). Complex properties of loaves
as well as crumb consistency parameters (toughness,
chewiness, etc.), taste and flavour were tested using
a hedonic scale that can reach maximum 100 points
in total. The results were presented as mean value
for each parameter obtained from 7 panellists.

Statistical analysis. In order to compare the pre-
dictive ability (relationships) of tested methods of
staling evaluation and to emphasise the importance
of modified amylographic method, correlation coef-
ficients between obtained data of promylograph and
penetrometry, promylograph, and sensory evaluation,
and also sensory evaluation and penetrometry were
calculated. Correlation analysis was performed by
means of Microsoft Excel 2010 (Microsoft Windows,
Tulsa, USA) on a significance level of 0.01% and
0.05%. Moreover, error bars with standard deviations
for all data points of promylograph, penetrometry
and sensory evaluation were calculated by Microsoft
Excel 2010.

RESULTS AND DISCUSSION

The measurements of crumb viscosity, crumb firm-
ness and sensory parameters of bakery products
were carried out every 4 h during 80 hours. The
results are shown in Figure 1 for bakery products
with improvers A, B, V, respectively.

In general, penetrometry and modified viscometric
measurements using a promylograph describe the
physical nature of staling process, these methods
describe changes in starch gels and changes in me-
chanical properties of the crumb over time. Spe-
cifically penetrometric changes reflect mainly the
hardness and toughness of the crumb structure and
they can significantly depend on the proportion of
gelatinized and recrystallised starch. Also changes
of viscometric measurements of the crumb slurry
without heating depend on the proportion of starch
gels and crystals during staling.

As seen in Figure 1, both curves from penetrometer
and promylograph showed considerably more signifi-
cant changes during the staling of bakery product. In
most cases the staling rate was higher up to approx.
30 h (a little more with improver V). It was due to
the specific composition of improver V (different
emulsifier as compared to improver A and/or B).
The emulsifier DATEM (as a component of the im-
prover V) is a hydrophilic, anionic, highly effective
emulsifier. DATEM has excellent stabilising properties
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Figure 1. Changes of viscometric values (promylograph,
units PE), firmness values (penetrometry, in mm), and
sensory evaluation (scores) of the crumb during storage:
(A) Improver A, (B) Improver B, and (C) Improver V

of emulsion; it is able to stabilise the starch-protein
complex. It is one of the best antistaling components
(STAMPFLI & NERSTEN 1995; PRiHODA et al. 2003;
MOAYEDALLAIE et al. 2010). Consequently, the crumb
of bakery products with DATEM addition remained
smooth and soft for a longer time.

Besides DATEM, the enzymes like amylases and
xylanases had a significant effect on the staling of
bakery products from a practical point of view. Am-
ylases may release high amounts of low molecular
weight dextrins, which influence the staling process
(LN & LINEBACK 1990; MARTIN & HOSENEY 1991).
Dextrins interfere with the ability of amylopectin
retrogradation and interfere with protein-starch
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interactions (HAROS et al. 2002). Xylanases strongly
affect the arabinoxylan fraction of flours, and arabi-
noxylans are known by their high influence on staling.
Xylanases transform water-insoluble arabinoxylans
into a soluble form which binds water in dough and
also in the crumb of final bread and bakery products
(ButT et al. 2008). The other non-starch components
of improvers had a negligible influence on staling.

The curves obtained using both penetrometric and
modified amylographic (promylograph) assessments
represented the changes of physical properties of the
crumb during staling. The curve obtained by promylo-
graph demonstrated these changes more appositely
compared with penetrometry. The curves also suggested
a good and comparable possibility to differentiate be-
tween the effects of improvers on the staling rate and
final degree of recrystallized starch polymers. The im-
prover V showed the best results as already mentioned.

The results obtained from promylograph and pen-
etrometry were in accordance with those from scan
electron microscopy and roentgen diffraction (SLu-
KOVA et al. 2014). It supported results presented in
this work and the main purpose of this work that the
application of promylograph could be a commonly
available simple way of rapid determination of the
staling of bakery products.

Promylograph, as an alternative of amylograph, is a
common rheological device used in mill and bakery
laboratories especially in Czech Republic, Austria,
Slovak Republic, and Hungary. The obtained results
from promylograph and amylograph are comparable
(PRiHODA et al. 2003). So the proposed modified
viscometric measurements of the crumb using a
promylograph could be acceptable for operational
purposes of rapid and practicable evaluation of bak-
ery product staling.

Sensory evaluation reflects the wider aspects of
bakery product quality in comparison with pen-
etrometry and viscometric measurement. Specifically,
sensory evaluation covers both textural parameters
and characteristics (such as toughness, hardness, and
chewiness), and also the taste and flavour of bakery
products. Moreover, the significant and conclusive
results of sensory evaluation highly depend on stable
evaluation conditions, certified panellists etc.

The decrease of sensory quality was almost linear
during the storage period of analysed bakery products
(Figure 1). In regard to the complex quality assess-
ment of bakery products, neither crumb properties
nor sensory evaluation were proved as predictive
methods for determination of staling.



Czech J. Food Sci., 33, 2015 (6): 507-512

Food Analysis, Food Quality and Nutrition

doi: 10.17221/184/2015-CJES

Table 1. Correlation coefficients between the results of
different methods (viscometric measurements using pro-
mylograph, penetrometry, sensory evaluation) describing
the crumb staling for three used improvers (n = 13, critical
value 0.684 for « = 0.01; critical value 0.553 for a = 0.05)

Improver

Relation

A B M
Promylograph 0.879 0.857 0.812
Vs penetrometry
Promylograph 0.685 0.677 0.802
vs sensory evaluation
Sensory evaluation 0.620 0.528 0.785

vs penetrometry

Error bars obtained from promylograph, penetrom-
etry and sensory evaluation data are shown for each
of the improvers in Figure 1. The correlation coef-
ficients between the results of promylograph and
penetrometry, promylograph and sensory evalua-
tion, and also sensory evaluation and penetrom-
etry are shown for each of the improvers in Table 1.
The correlation coefficient between the results of
modified amylographic method (promylograph) and
penetrometry was high, in all cases with the coef-
ficients considerably higher than the critical value
for the significance level of 0.01%.

CONCLUSION

The method of viscometric measurements of crumb
slurry in water using a promylograph was confirmed
as a sufficiently rapid method for the evaluation of
bakery product staling. Different recrystallization
rate of starch polymers could be estimated based
on the results of the measurement. Results of vis-
cometric measurements were in strong correlation
with results of penetrometry; the dependence of
these results was proved. It follows that the modi-
fied amylographic method could be used as a simple
alternative method to penetrometry for the evalua-
tion of bakery product staling.
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The aim of this work was to characterize three Czech spring and one German winter barley Received: September 15, 2015

cultivars specifically cultivated for use in the food industry. Two hull-less and two waxy barleys
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were roller-milled and separated into ten milling fractions. Additionally one wholemeal flour ~Accepted: November 5, 2015

was prepared. The chemical composition of flour fractions from all cultivars was compared

individually. The starch content was very similar in white flour fraction C1 and coarse bran

flour from both waxy genotypes. The highest B-glucan content was determined in bran

fractions in all barley materials. The similar trend was also found for the arabinoxylan content.

Czech spring breeding line KM 1057 showed higher arabinoxylan content in all milling

fractions than the other varieties. A strong positive correlation between B-glucan and protein

content, as well as B-glucan and dietary fibre was found. By choosing the suitable milling

fractions (flour separated from bran or bran, especially in hull-less cultivars), as high fibre to

starch ratio as 1:0.8 can be achieved. Furthermore these fractions contained a high content of -

glucan, protein and ash.
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1 Introduction

Cereals constitute the bases the world’s most widespread
food, drink, and feed products. Although barley is only the
fourth major cereal crop, its world production was about 145
million metric tons in the year 2013/2014 [1]. The largest part
of the harvested barley is being used in the brewing and
animal feed industries. Whereas only about 2-5% of barley is
used in the food industry [2, 3].

Barley cultivars can be divided according to starch type
(ie., standard, waxy, and high amylose). Grains with
standard starch type have generally an amylose (AM) content
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of about 25% and an amylopectin (AP) content of about 75%,
while in high amylose genotypes the AM content is
approximately 35% or higher. In waxy varieties the AM
content is in the range of 0-10%. The type of starch
considerably affects technology and physicochemical prop-
erties of different flours and of prepared foods [2, 4, 5].

The non-starch polysaccharides (NSP), collectively
termed dietary fibre, influence the physicochemical, tech-
nological, nutritional, and textural properties of prepared
food via their intrinsic characteristics such as content,
composition, degree of branching, viscosity, molar mass etc.
The soluble part of dietary fibre (e.g., B-glucans, arabino-
xylans) is able to absorb large amounts of water and thereby
affect rheology, staling (starch retrogradation) and product
quality [6]. Water binding and holding in products has also
been shown to effect the feeling of satiety after consump-
tion [7, 8].

B-glucans (BG), especially in barley, constitute the largest
part of soluble dietary fibre. Regular consumption of BG
(especially with higher molar mass) assists in the mainte-
nance of normal blood cholesterol levels and a reduction of
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blood glucose increase after a meal [9, 10]. Consumption of
products with barley dietary fibre contributes to an increase
of faecal bulk. In addition, it can be expected that the
consumption of BG reduces the occurrence of cardiovascular
disease and colon cancer [11, 12]. Potential prebiotic effect of
BGs with smaller molar mass has also been examined in the
literature [13-15].

The barley grain, as well as other cereals, is an important
source of minerals in lifelong human nutrition. The mineral
content is influenced by cultivar and growing conditions,
where the wheather and soil composition play the major role.
Minerals are concentrated in the bran and aleurone layers of
the grain, therefore the content of minerals in wholegrain
flour can be three times greater than in white flour [16, 17].

The most common use of barley in food production is in
the cereal industry, however it has also some/limited
application in the dairy and meat industries as well.
Primarily, hull-less barley is used and processed into
wholemeal flour, flakes or flour. Barley can be also used
as a garnish for soup, porridge, breakfast cereals and as a rice
substitute. It can be included in sausages, pudding, used as
couscous and puffed to popcorn-like products [2, 18, 19].
Barley flour has been successfully used in unleavened flat
breads, such as Turkish bread or tortillas, at the level of
10-30, 40, or 60%, respectively [14]. It can replace up to 100%
of wheat flour in chemically leavened products such as
mutffins, pancakes, biscuits, and sweet cakes [5, 20, 21]. In
yeast leavened breads the addition of barley flour has been
reported at various levels in the literature ranging from 10 to
30% [18, 22] to 60% [5], and even as much as 100%
replacement of wheat flour [23]. In the case of pastas, the
addition of barley flour has been reported to be most
acceptable in range of 20-30%.

The aim of this study was to characterize and evaluate
new barley cultivars, which are, or can be further used in the
food industry. In particular, their suitability for processing
under commercial conditions (milling) was tested and yields
and chemical composition of partial milling fractions
compared. In this study, the focus was on the content of
those grain components (dietary fibre and its components,
protein, starch, and ash), which are important from both a
technological and a nutritional point of view.

2 Materials and methods
2.1 Materials

Three two-row Czech spring barley cultivars and breeding
lines (KM 1057, AF Cesar, KM 2460-2) were obtained from
Agrotest Fyto Ltd. (Kroméfiz, Czech Republic). AF Cesar and
the breeding line KM 1057 were hull-less with a standard
starch composition. AF Cesar, a new cultivar registered in the

year 2014 for growing in the field conditions of the Czech
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Republic for specific use in food production, had signifi-
cantly higher BG content than KM 1057. The breeding line
KM 2460-2 was a hulled barley with a waxy starch type.
German winter multi-row hulled barley (Waxyma) was
supplied by Dieckmann Seeds GmbH & Co. KG (Rinteln,
Germany). Waxyma was registered in the year 2008. All raw
materials were harvested in the years 2012 and 2013.

2.2 Barley processing

The hulled cultivars KM 2460-2 and Waxyma were abraded
before milling (Laboratory peeling machine, F.H.Schulte
GmBH, Hamburg, Germany). The weight loss was 9.4 and
13.6% for KM 2460-2 and Waxyma respectively. The process
continued with the separation of abraded and not abraded
grains by a grain cleaner (Brabender, Germany) and the
pneumatic removal of the residual hulls (Labofix 90,
Schmidt-Seeger AG, Germany) in all barleys. The barley
was not conditioned before milling. Milling was carried out
in a roller mill (Bihler MLU 202, Uzwill, Schwitzerland).
Break flour fractions (B1-B3) were milled on corrugated rolls
with roll flute orientation dull-to-dull, whereas smooth rolls
for reduction flour (C1-C3) were used. One bran (divided to
coarse bran and coarse bran flour) and one short fraction
(divided to fine bran and fine bran flour) were collected. Rolls
timing was 1:2 during the whole milling process. The width
of grinding gap was from 0.50 to 0.01mm for B1-C3
fractions. White flour fractions (B1-C3) and flour separated
from bran had particle size below 180 pm and 250 pm,
respectively. The rate of grain feed to the mill for hulled and
hull-less barley cultivars was 1.8 and 2.3kg/h, respectively.
The wholemeal flour was obtained from an ultra centrifugal
mill Retsch ZM 200 (Retsch, Germany) with a 500 pm
screen.

2.3 Analyses

Basic analyses were carried out for all 10 fractions and the
wholemeal flour. Moisture content was determined accord-
ing to Method ICC Nr. 110/1 (1960). The total nitrogen
content was determined by ICC Nr. 105/2 (1980) using the
conversion factor 6.25 and a protein analyzer (Kjeltec™
8400, FOSS). The determination of ash was carried out
according to standard ICC Nr. 104/1 (1960). Starch content
was determined by EN ISO 10520 (1997). Dietary fibre
content (total dietary fibre-TDF, insoluble dietary fibre-IDF,
soluble dietary fibre-SDF) was determined by means of the
enzymatic-gravimetric procedure (AOAC 991.43, 1991). AX
determination was performed according to Douglas
(1981) [24] with xylose calibration. The content of BG was
determined enzymatically using BG enzymatic assay kit
(Megazyme Ireland International, Ltd., Wicklow, Ireland)
following ICC Nr. 166 (1998). The content of all components
is reported on dry matter basis (d.m.).
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2.4 Statistical analysis

The results for SDF, IDF and TDF were based on triplicate
analysis and the other results on six replicates analysis and
expressed as percentages on dry matter basis. Statistical
analyses were performed using STATISTICA software,
version 12.0 (StatSoft, Inc., Tulsa, Oklahoma). The experi-
mental data were processed by one-way analysis of variance
(ANOVA). Multiple comparisons (post-hoc tests) were
calculated using Fisher’s least significant difference (LSD)
test at the significance level of p<0.05. The values are
expressed as means + standard error of the mean (SEM).
Relationships between analysed grain components were
calculated using Pearson’s coefficient of correlation.

3 Results and discussion

New cultivars of Czech and German barley for food
application were characterized. The chemical composition
of 11 milling fractions from each variety was compared.
The yield of white flour (B1-C3) was the highest for KM
1057 (45%), intermediate for cultivar AF Cesar (33%) and
lowest for waxy barleys 30 and 28.5% for Waxyma and KM
2460-2, which is similar to the results of Andersson et al.
2003 [25]. Sundberg and Aman [26] reported also the highest
flour yield for hull-less barley and lowest for hulled waxy
Dbarley. Yield of flour obtained by separation of bran was 34%
for the breeding line KM 1057, in other barleys it was about
42%. The bran yield was between 19 and 30% in this study,
where in dehulled waxy barleys it was higher and similar as
reported for wheat bran [14]. The overall milling yields were
94-98% for the barley samples and the recoveries are
comparable to large scale manufacturing conditions (Fig. 1).
Asreported by Izydorczyk et al. [27] roll flute orientation dull-
to-dull (also used in our study) caused better separation of starch
granules from the cell walls material and, therefore, greater
enrichment and availability of dietary fibre constituents.

New barley cultivars for food industry 3

45
EEAF Cesar, v 1057, [BlkM 2460-2, [E]Waxyma

40

Yield (%)

Fractions

Figure 1. Relative yields (%) of white flour fractions (B1-C3),
flours separated from bran and bran of barley grains. The results are
shown as an average of years 2012, 2013.

The differences between Czech and German barley were
significant with respect to total starch content (Table 1).
Regardless of the barley varieties all three Czech barleys were
similar, while Waxyma proved different. The lowest content
of starch of all fractions (as the average value, calculated
across all cultivars) was found in the bran, while in flour
fractions (especially, C1 and B3) the starch content was the
highest. Starch content in flour fractions (B, C) from hull-
less barley and in wholemeal flour from all cultivars was in
accordance with values found in literature 73.8-81.4,
57.0-68.0% respectively [18, 28]. The starch content in flour,
bran fractions and flour separated from bran was similar to
values reported by Anderson et al. [25].

The ash content in fractions is dependent on milling
conditions (Table 2). In hull-less barley the ash content ranged
from 1.0 to 4.5%, which was more than what has been reported
in literature (0.9-1.5% ash) [18]. Arendt [28] published ash
content in the barley grain in the range of 1.5-3.0%, which is
mostly in agreement in our results. In Czech hull-less cultivars
(KM 1057; AF Cesar) the ash content was similar. The lowest ash

Table 1. Starch content in Czech and German barley and their milling fractions (values are expressed in % d.m.)

Milling fraction/Barley KM 1057 AF Cesar KM 2460-2 Waxyma
Wholemeal flour 575 + 0.6° 61.4 + 0.6° 61.0 + 0.8° 66.7 + 0.1°
Flour B1 79.7 + 3.1° 73.9 £ 0.1° 68.1 + 0.3° 74.3 £+ 0.4°
Flour B2 77.6 + 1.1 73.6 + 0.8° 70.2 + 0.2° 76.4 + 0.8°
Flour B3 747 £ 1.2 749 + 0.4° 749 + 09° 80.6 + 0.3
Flour C1 76.5 & 0.2° 77.1 £+ 1.2%¢ 73.8 + 0.4° 79.6 + 0.4°
Flour C2 67.9 + 0.4° 740 £+ 1.1° 68.6 + 0.5° 75.5 &+ 0.7°
Flour C3 63.6 + 0.5° 72.7 + 05° 69.0 + 0.2 75.1 £ 0.2¢
Coarse bran flour 59.0 + 1.0° 65.4 + 0.5° 726 + 0.9° 78.2 + 0.2¢
Fine bran flour 52.4 + 1.3° 64.3 + 1.3° 61.2 + 0.1° 67.0 £ 0.3°
Coarse bran 39.3 + 0.5° 434 + 0.6° 538 + 1.2° 55.1 & 1.1°
Fine bran 26.2 + 1.9° 338 + 1.6 44.7 £+ 0.2° 458 + 0.2°

Different letters in same line (fraction) show significant difference among experimental barley samples (p <0.05).
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Table 2. Ash content in Czech and German barley and their milling fractions (values are expressed in % d.m.)

Milling fraction/Barley KM 1057 AF Cesar KM 2460-2 Waxyma
Wholemeal flour 2.1 +0.1° 2.0 £ 0.1° 1.9 + 0.0 1.6 £ 0.1°
Flour B1 1.1 + 0.0° 14 + 0.0° 24 £ 0.0° 1.7 + 0.0
Flour B2 1.0 + 0.0° 1.2 + 0.0° 1.8 + 0.1° 14 + 0.0°
Flour B3 1.2 + 0.0° 1.1+ 0.0° 15+ 0.0° 1.2 + 0.0°
Flour C1 1.0 £ 0.0° 1.0 £+ 0.1 15+ 0.1° 1.2 &+ 0.0°
Flour C2 1.4 £ 0.1° 1.2 £+ 0.1 1.8 £ 0.1° 1.3 & 0.0°
Flour C3 1.6 & 0.1°¢ 1.3 £+ 0.1° 1.7 £+ 0.0° 1.3 £ 0.0*°
Coarse bran flour 2.0 + 0.0° 1.6 + 0.0° 1.3 + 0.0° 1.0 £ 0.0°
Fine bran flour 23 +02° 1.5 + 0.1° 1.8 + 0.1% 15 + 0.0°
Coarse bran 35+ 0.1° 3.7 £ 0.0° 2.1+ 0.0° 2.0 +0.2°
Fine bran 45 + 05 46+ 0.3° 2.7 +0.1° 2.7 +0.2°

Different letters in same line (fraction) show significant difference among experimental barley samples (p < 0.05).

Table 3. Protein content in Czech and German barley and their milling fractions (values are expressed in % d.m.)

Milling fraction/Barley KM 1057 AF Cesar KM 2460-2 Waxyma
Wholemeal flour 16.7 + 0.8" 155 + 1.3*° 16.2 + 1.1° 125 + 0.1°
Flour B1 10.1 + 0.9° 135 + 0.3° 133 4+ 0.7° 10.8 + 0.3°
Flour B2 10.9 + 0.9° 15.0 + 0.4° 147 + 05 1.3 +0.3°
Flour B3 12.8 £ 1.1*0 15.8 + 0.2° 14.0 + 1.1°¢ 104 + 0.4°
Flour C1 N4 +04° 126 + 0.7*° 142 + 0.7° n1+02°
Flour C2 145 + 0.3 139 + 0.9*° 16.1 4 0.3° 12.6 + 0.5°
Flour C3 16.2 + 0.2° 145 + 0.8° 159 + 0.7° 12.6 + 0.3
Coarse bran flour 17.2 £ 1.5° 18.2 + 0.2° 142 +1.0° 10.7 £ 0.12
Fine bran flour 185 & 0.4° 15.7 + 0.6° 16.8 & 1.0°¢ 135 + 0.1°
Coarse bran 21.2 £ 1.0° 215 £ 0.1° 171 +£1.3° 12.9 + 0.0°
Fine bran 22.8 + 0.4° 21.2 & 0.0° 17.4 + 1.5° 134 + 0.2°

Different letters in same line (fraction) show significant difference among experimental barley samples (p < 0.05).

Table 4. B-glucan content in Czech and German barley and their milling fractions (values are expressed in % d.m.)

Milling fraction/Barley KM 1057 AF Cesar KM 2460-2 Waxyma

Wholemeal flour 3.0+0.1° 6.7+0.1° 8.3+0.1° 6.2+0.1°
Flour B1 1.2+0.1° 25+0.1° 25+0.0° 2.9+0.0°
Flour B2 1.6 +£0.0° 29+0.2° 3.14+01° 3.2+0.1°
Flour B3 1.74+0.0° 25+0.1° 22+0.1° 2.1+01%
Flour C1 1.7+0.0° 2.8+02° 24 +0.1% 2.1+0.1%
Flour C2 2.14+0.0° 34+02° 2840.1° 25+0.1°
Flour C3 24400° 34+0.1° 3.140.1° 2.9+0.0°
Coarse bran flour 3.6+0.2° 6.0+0.1° 5.74+0.2° 46+00°
Fine bran flour 4.0+0.1° 7.7 +0.1% 84+0.1° 7.0+02°
Coarse bran 45+0.3 84+04° 12.24+04° 10.4 4+ 0.4
Fine bran 46+04° 94+04° 142+0.2¢ 1n.9+0.1%

Different letters in same line (fraction) show significant difference among experimental barley samples (p < 0.05).

content of barley genotypes was found in flour fractions B3 and
C1, which corresponds to the highest starch content.

The protein content of analyzed fractions is shown in
Table 3. More or less, all B-flour fractions and flour C1 had

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

similar protein content regardless of the barley cultivar.
Protein content was in the range of 10.1-22.8%, which was
similar the results presented Holtekjelen et al. [3]. Sullivan
et al. [15] confirmed the highest starch and lowest protein
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Figure 2. Changes of B-glucans content in different genotypes
with increased sum of yields of milling fractions (harvest
years 2012 and 2013).

content in endosperm B and C fractions, which is in
agreement with the negative correlation in our presented
study. Sullivan et al. [15] found twofold protein content in
bran and middling than in endosperm. This trend was found
only in KM 1057 in our study.

New barley cultivars for food industry 5

Protein and ash in hull-less barleys had a strong positive
relation, on average (r = 0.84; p < 0.05), while hulled barleys
had only low. The significant (p < 0.05) negative correlations
between content of protein and starch ranged from r= —0.60
and r=—0.64 (for the hulled KM 2460-2 and Waxyma) to
r=—0.90 and r=—0.95 (for the hull-less AF Cesar and KM
1057), as found also in research of Arendt and Zannini [28]
and Velebna et al. [29].

Barley cultivars are rich in NSP, and because of their
health benefits and product functionalities, so the primary
goal of barley milling for food production is to get fractions
with the highest content of these grain components. BG
content in barley grain according to the literature is in the
range from 2 to 11% [27, 30-32]. The BG content (Table 4) in
cultivars with standard starch composition (KM 1057, AF
Cesar) corresponded with BG values reported in the
literature. On the other hand, for the waxy materials (KM
2460-2 and Waxyma) the BG content was at the upper limit of
the previously reported range or higher. Other authors [3, 26]
reported the amount of BG in range of 2.4-8.3% in grain and
1.6-5.8% in fractions, respectively. For hull-less barley BG
content in milling fractions 3.5-4.6% was found [18]. In our
study, the BG content as in grain (wholemeal flour) and in
fractions from hull-less/hulled barleys was similar or higher
than found in other studies. The lowest content of BG was
found in the breeding line KM 1057 in all fractions.
Conversely, finding the highest BG content in Czech
breeding line KM 2460-2 was surprising. BG contents in
flour separated from bran and in bran were similar in all
varieties (exception KM 1057). A positive correlation in
varieties between BG and protein, ash, AX content and a
strong negative correlation between BG and starch content
was determined [3, 29] and confirmed in this study. But a
negative correlation between BG and AX obtained by
Holtekjelen [3] was not found in this study.

The BG content as a function of the sum of yield is
presented in the Fig. 2. The BG content in harvest year 2013
was higher than in 2012, therefore the BG content in the sum

Table 5. Arabinoxylan content in Czech and German barley and their milling fractions (values are expressed in % d.m.)

Milling fraction/Barley KM 1057 AF Cesar KM 2460-2 Waxyma
Wholemeal flour 6.5 + 0.4° 47 +0.1° 44 +0.1° 5.0 + 0.2
Flour B1 42 +0.3° 2.8 +0.3° 39 + 0.3° 34 +0.3°
Flour B2 47 +0.7° 25 + 0.1° 3.1+ 012 2.7 +0.2°
Flour B3 42 +02° 22+ 0.2° 2.0 £+ 0.1° 2.1 £+ 0.4°
Flour C1 38 +0.1° 1.8 + 0.1° 2.3 +0.1° 20 + 0.3°
Flour C2 43 +02° 2.1+ 0.1° 2.5 £+ 0.1° 24 +0.3°
Flour C3 47 +02° 2.2 + 0.1° 2.7 +£0.2° 2.3 +0.3°
Coarse bran flour 6.2 + 0.2° 37+01° 2.8 + 0.2 2.7 +04°
Fine bran flour 7.3 +03° 37+02° 37 +03° 44 +05°
Coarse bran 9.7 + 0.6 6.7 + 0.3 37 +0.7° 6.9 + 1.0™
Fine bran 1.3 + 05 84 + 0.3* 6.6 + 0.2° 7.6 + 1.5%

Different letters in same line (fraction) show significant difference among experimental barley samples (p <0.05).
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Waxyma
20.3 & 0.9°
1.6 + 0.4°
9.4 + 04*°
6.6 + 0.2
7.3 + 05
8.7 & 0.4°
9.3 + 0.3
10.2 + 0.7°
18.2 + 1.3
30.7 £ 1.4°
37.8 + 0.5°

KM 2460-2
204 + 0.9°
14.0 4 0.1°
1.0 +07°
73+ 02"
8.1+ 02"
10.3 & 0.5
10.4 & 0.2°
12.0 &+ 0.1
19.7 + 1.12
26.5 + 0.6°
35.9 + 0.9°

TDF

AF Cesar
201 +1.2°
9.7 +06°
7.7 £ 1.12
6.9 &+ 0.1
7.1+ 02°
8.8 +0.1°
109 + 1.2
158 £ 0.1°
182 + 1.4°
349 +0.3°
447 + 2.2

KM 1057
235 + 0.7°
9.2 4+ 0.2°
94 + 0.2*°
105 + 0.3°
9.1 4+ 0.1°
1.7 £0.1°
14.3 + 0.1°
252 4+ 2.1°
255 + 2.4°
38.4 + 0.6°
485 + 2.5°

Waxyma

8.9 + 0.6°
49 + 0.2
5.9 & 0.2°
38 +0.2°
41402
48 + 1.0%°
47 +£0.2°

KM 2460-2
10.8 + 0.2°
51+ 0.6°
49 + 0.2
39 + 0.2°
38 4+ 0.2°
58 + 0.2°
5.2 + 0.2°

SDF

AF Cesar
8.7 + 05"
3.3 4 0.6°
3.8 &+ 05°
3.8 + 0.5°
35 4 0.6°
46 + 0.2°°
47 +0.3°

KM 1057

5.6 + 0.5
2.8 + 04°
32402
29 +08°
3.7 +04°
39 +03°
46 + 0.17

Waxyma
10.8 4+ 0.9°
6.9 + 0.5
43 4+ 0.3°
3.3 +0.0°
3.1 +£0.2°
3.3 £04°
44 4+ 0.2°

KM 2460-2
9.6 + 0.3
84 4 0.1°
6.0 +0.2°
34 + 0.2
41 +0.1°
45 + 0.4°
5.1 & 0.0°

IDF

AF Cesar
10.8 + 0.4°
5.2 +0.3°
43 4+ 0.2°
34 +£02°
3.0+ 0.1°
4.2 + 0.2
48 + 0.0°

KM 1057
182 + 1.3°
6.3 + 0.2%
6.6 + 0.2°
6.8 + 0.1°
5.8 + 0.3°
84 +03°
104 + 0.7
19.0 + 2.2°
189 + 2.4°
32.0 + 2.3¢
40.2 + 3.0°

emeal flour
B1
B2
B3
C1
C2
C3

0
F
F
F
F
F
F

Table 6. Dietary fibre content expressed as insoluble (IDF), soluble (SDF) and total (TDF) in milling fractions (values are expressed in % d.m.)

Milling fraction [Fibre [Barley

© 2015 WILEY-VCH Verlag GmbH & Co.

6.2 + 0.4°
95 + 0.6°
124 + 0.2°
14.9 4+ 0.5°

6.7 £0.2°
98 4+ 0.9
14.1 4+ 0.2°
16.6 & 0.7°

78 £0.1°
105 + 0.8°
127 £ 0.1°
15.2 + 0.1

6.0 + 0.1
7.0 + 0.3°
8.0 & 0.6°
10.5 &+ 0.1°

41 +0.2°
9.0 + 0.6°
18.2 + 1.3°
22.6 + 0.5°

45 + 0.1°
8.0 + 0.3
1.3 + 0.9°
19.2 + 0.5°

6.9 £ 0.2°
230 £ 0.6°
30.6 + 1.9°

82+ 0.1°
IDF, insoluble dietary fibre; SDF, soluble dietary fibre; TDF, total dietary fibre. Different letters in the same group of fibre and fraction show significant difference among experimental barley

samples (p < 0.05).

Coarse bran flour
Fine bran flour

Coarse bran
Fine bran
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of yield was also higher. Only a variety Waxyma had very
similar BG content in both crop years. Both curves of waxy
materials had very similar course compared to KM 1057 and
AF Cesar. BG values for 100% vyield are comparable with
values determined at wholegrain flour.

Another type of NSP are arabinoxylans. The content of AX
is shown in Table 5. Higher AX content is typical especially
for rye, but also barley can be rich in it. The AX content in the
Czech breeding line KM 1057 was the highest from all
determined genotypes. AX content in fractions was
1.8-11.3%, which was similar to the study of Andersson
et al. 2003 [30] (1.2-11.8%) and was comparable with other
results reported in the literature for the typical barley
(3.4-7.8%) [30, 33]. Lower AX content found in waxy lines
can be caused by abrasion of hulls before milling, because
AX mostly occurs in cell walls of the aleurone layer. It
corresponds to higher AX content in the bran fractions. Both
hull-less varieties contained more AX than hulled ones,
which was different from values reported by Holtekjolen
etal. [3].

A strong positive correlation between AX-protein in AF
Cesar and KM 1057, between AX-ash in all varieties, and
between AX-BG content in AF Cesar, KM 2460-2 and
Waxyma was found. A strong negative correlation between
AX-starch content was found in Czech varieties, while in
Waxyma was the negative correlation only moderate.

Content and quality of dietary fibre depend on
genotype, environmental growing conditions and compo-
sition of the kernel [34]. The IDF content was in the range
from 3.0% in flour C1/AF Cesar to 40.2% in fine bran/KM
1057 (Table 6).

The SDF content was in the range from 2.8% in flour B1/
KM 1057 to 16.6% in fine bran/KM 2460-2. These results are
in agreement with Arendt and Zannini [28], who detected
3-20% SDF in the barley kernel. In general, the SDF content
was higher in waxy genotypes and also in the cultivar AF
Cesar with standard starch composition. Higher SDF
content is in agreement with higher BG content found in
both waxy barleys and AF Cesar.

The TDF content in the hull-less barleys was in the range
of 6.9% (flour B3/AF Cesar) to 48.5% in fine bran/KM 1057
and in waxy barleys it was from 6.6% in flour B3/Waxyma to
37.8% in fine bran/Waxyma. Ullrich [34] noted TDF content
in hull-less barley grain with standard starch composition
about 13% and in waxy hulled barley about 20%. In our study
the TDF content in wholemeal flour in waxy barley was
similar to the results found by Ullrich [34], while values
obtained in hull-less barleys were higher. Higher content of
IDF and TDF was determined in the breeding line KM 1057
and in cultivar AF Cesar, which can be caused by the fact that
both varieties were not abraded before milling.

A strong positive correlation r>0.70 (p < 0.001) between
all components of dietary fibre and ash, protein, BG and AX
were found in AF Cesar.

www.starch-journal.com
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4 Conclusions

It was confirmed that the new barley cultivars and especially
some milling fractions have a desirable ratio of the
components allowing them to be successfully used in the
food industry. The inclusion of wholemeal flour or undivided
short fraction from waxy varieties or AF Cesar would
significantly increase the content of health-promoting
ingredients in food and provide greater health benefits.

The highest BG and AX content in all genotypes was
observed in wholemeal flour, in fine bran flour, coarse and
fine bran. The highest BG and AX content was found in fine
bran from KM 2460-2 (14.2%) and KM 1057 (11.3%),
respectively.

A strong positive correlation among protein, ash and AX
was found only in cultivars with standard starch composition
(KM 1057, AF Cesar). It was evident a strong positive
correlation for AX, BG and ash in the waxy genotypes and in
the cultivar AF Cesar. The negative correlation between BG
and starch was confirmed only in all barley materials. The
strong negative correlation between AX and starch content
was shown in all Czech barley varieties.
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Utilisation of cheese whey for production of healthier food has been the main task of this study. Cheese
whey, which is often considered as a waste material, was treated by a series of processes including
fermentation, membrane filtrations, mixing with barley flour, drying, and/or extrusion to produce barley
sourdough.

In the first series of experiments, the effect of membrane ultrafiltration (UF) and nanofiltration (NF) on
separation of whey components has been studied. Non-fermented sweet cheese whey was treated by
pilot-plant membrane ultrafiltration (50 kDa tubular ceramic membrane, TAMI Industries, France), fol-

K ds: . . . . .

Pfg;;g;ii acids lowed by three step diafiltration to minimise losses of lactose, glucose, galactose, and organic acids
Rejection (namely lactic acid) in retentate. The UF permeates were used for the subsequent nanofiltration and
Recovery diafiltrations (spiral wound membrane NF 270-2540, Filmtec, Dow Chemicals, USA). The results showed

high recovery of proteins (81%) during UF and reduction of lactose and propionate losses by using dia-
filtration. Rejections of components on the NF membrane were: 93% lactose, 77% galactose, and 76% lactic

Food preservatives
Cheese whey

SQUTdough acid. However, the diafiltration on the NF membrane reduced the relative recovery both for carbohy-
Diafiltration drates and organic acids.

Barley_ In the second series of experiments, cheese whey was concentrated by reverse osmosis (RO) and the
Extrusion . ) . . . . .

Fluid drying obtained retentate was fermented with Lactobacillus plantarum, Lactobacillus sanfranciscensis and Pro-

pionibacterium freudenreichii subsp. freudenreichii. Part of the fermented whey was mixed with barley
flour and dried by cold air fluid drying to produce sourdough pellets. The other part of fermented whey
was filtered by nanofiltration and both permeate and retentate were sprayed on the surface of sourdough
pellets in several layers and dried again. The extrusion of a mixture containing barley flour and fer-
mented whey was tested for pellet production as well. The main aims were to obtain sourdough rich in
natural preservatives, and maintain the present microorganisms active. That is why all the technological
processes, including drying, were carried out under low temperatures. The content of organic acids
(lactic, acetic and propionic) was analysed in final sourdough samples.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The technology of fermented cereal products is nearly as old as
the humankind itself, and seemingly, there is not much to improve.
Nevertheless, concerns about food safety and quality, nutritional
properties, and positive effect on human health boosted the
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research even on traditional food products, such as bread. Nowa-
days, the attention is drawn to sourdough, as well as new types of
cereals.

Barley represents such cereal even though it is one of the oldest
crops. Barley has been mostly used as animal feed or for malt
production, and only 5% is being used in food (FAO, 2009). From a
nutritional point of view, barley contains high amount (8—10%) of
soluble dietary fibre in form of B-glucans (Dickin et al., 2011;
Dieckmann, 2011), which are evenly distributed in the whole
grain, including endosperm and pericarp (Baik and Ullrich, 2008;
Holtekjolen et al., 2006).
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Many studies have confirmed the positive effect of B-glucans in
human diet on the prevention of many life-style diseases, such as
type 2 diabetes, cardiovascular diseases, obesity and high choles-
terol levels (Andersson and Aman, 2011). For example, according to
Collins et al. (2010), a higher dietary fibre intake reduced the risk of
cardiovascular disease and myocardial infarction. Barley B-glucans
have been proved to lower the glucose and insulin responses in
blood serum (Rieder et al. 2012), and reduce the glycaemic prop-
erties of bread (Lappi et al.,, 2010). B-glucans of different origin
exhibited a protective activity against different mutagenic agents
(Mantovani et al., 2008). However, the effect depends strongly on
the amount of beta-glucans in the diet (Wood, 2007). According to
the European Food Safety Authority (EFSA, 2011) “4 g of beta-
glucans from oats or barley for each 30 g of available carbohy-
drate should be consumed per meal” to decrease post-prandial
glycaemic responses.

Spontaneous fermentation of barley milling represents a great
option for using barley in human alimentation. The sourdough
fermentation of wholemeal flour or bran by means of yeast and
bacteria brought interesting results regarding the improvement of
the baking (flavour, structure and stability), nutritional (Torrieri
et al, 2014) and also sensory quality of bread (Mariotti et al.,
2014). In addition, sourdough can also retard starch digestibility
leading to low glycaemic responses and improve bioavailability of
minerals and bioactive compounds (Poutanen et al., 2009). Cereal
fermentation may produce non-digestible polysaccharides (dietary
fibre) or new bioactive compounds (such as prebiotic oligosac-
charides) and also reduce gluten to develop gluten-free products
(Moroni et al., 2009).

Lactic acid bacteria (LAB), the dominant microorganisms in
sourdoughs, produce lactate, acetate and other antifungal com-
pounds. Propionibacteria (PAB), the producers of propionate, have
been known in dairy. Both lactate and propionate serve as food
preservatives and they are often used in bakery products to prolong
the shelf life, especially in wheat white bread. Since the consumers
prefer few or no food additives, the sourdough fermentation is
another natural way how to improve the shelf life of bread (Zhang
et al., 2010; Ryan et al., 2008).

Lactose from cheese whey can serve as a source of carbon for
fermentation. Cheese whey is produced in large quantities in
cheese manufacture. Despite the whey’s high content of valuable
substances (lactose, milk proteins), whey is often disposed of in
waste waters. Hugenschmidt et al. (2011) used the filtered whey for
fermentation of Lactobacillus plantarum SM39 and Propionibacte-
rium freudenreichii DF13 to obtain high concentration of folate and
intra-cellular vitamin B12.

Our research followed several aims. The main aim was to use
cheese whey as a beneficial ingredient for preparation of sour-
dough with high amount of propionic and lactic acids, which are
natural preservatives improving the rheological properties of cereal
dough. To increase the nutritional value and the shelf life of the
final product, barley was chosen to be blended with fermented
whey.

Whey was treated by several processes to produce sourdough
pellets. First of all, cheese whey was concentrated by reverse
osmosis (RO) and the retentate fermented with L. plantarum,
Lactobacillus sanfranciscensis and P. freudenreichii subsp. freu-
denreichii. The synergistic effect of lactobacilli and propionic bac-
teria was used (Zhang et al., 2010; Ryan et al., 2008). Part of the
fermented whey was directly mixed with barley flour and the
mixture was fluid dried by cold air to obtain barley sourdough
pellets. Other part of the fermented whey was processed by
nanofiltration, and both the permeate and the retentate fractions
were sprayed onto the surface of dried sourdough in several layers
and dried again. Low temperature extrusion has been investigated

for sourdough preparation using fermented whey as well.

Membrane techniques were tested for possible improvement of
whey composition. Therefore, the separation properties of 50 kDa
tubular inorganic ultrafiltration (UF) membrane were studied in
non-fermented sweet cheese whey. The ultrafiltration aimed at the
concentration of proteins in retentate with minimal losses in sugars
and organic acids. Ultrafiltration was followed by three step dia-
filtration using the same UF membrane where sugars and organic
acids were expected to be transferred into permeate. UF permeates
were treated by nanofiltration (NF) on a spiral wound polymeric
membrane to concentrate components important for sourdough
quality, such as organic acids and sugars. The three step diafiltra-
tion on the NF membrane was carried out as well to study the effect
on separation.

2. Material and methods
2.1. Material

2.1.1. Cheese whey and barley flour

1.2 kg of bovine dried sweet cheese whey (Moravia Lacto, Czech
Republic) was diluted with 18.8 kg of demineralised water and used
as feed solution for ultrafiltration, nanofiltration and all diafiltra-
tions. Dried whey composition was: proteins 11.0%, milk fat 1.5%,
lactose 69.5%, mineral substances 7—9%, pH 6.

Bovine sweet cheese whey from a local dairy (Milko, Podébrady,
Czech Republic) was concentrated by reverse osmosis and retentate
was used as a substrate for fermentation and preparation of sour-
dough pellet. Lactose content in concentrated whey (RO retentate)
was 12.5% (w/w). Whey was used fresh without any modifications.

Barley flour for sourdough preparation was obtained from a
local mill (Automatické mlyny, Klima, Kiesin, Czech Republic).

2.1.2. Microorganisms

Bacteria L. plantarum (JM-57V-7A), L. sanfranciscensis (CCDM
451), and P. freudenreichii subsp. freudenreichii were obtained from
the Culture collection of The Dairy Research Institute (VUM, Tabor,
Czech Republic).

2.1.3. Chemicals

2.1.3.1. Chemicals for anion-exchange chromatography. Lactose
standard was purchased from Fluka (Switzerland), galactose and
glucose were obtained from Sigma Aldrich (Germany). Ultrapure
water (Simplicity, Millipore, USA) with the resistivity of 18.2 MQ
and 50% sodium hydroxide (Fluka, Germany) were used for mobile
phase preparation.

2.1.3.2. Chemicals for isotachophoresis. The standards used were:
lactic acid (Lachema, Czech Republic), citric acid (Penta, Czech
Repulic), acetic acid (Lachema, Czech Republic), and propionic acid
(Penta, Czech Republic).

The composition of leading electrolyte (pH 4.5) was: 10 mM
hydrochloric acid (Sigma, Germany), 22 mM epsilon-amino caproic
acid (Sigma, Germany), and 0.1% hydroxypropyl methyl cellulose
(Fluka, Germany). The terminal electrolyte composition was 5 mM
caproic acid (P Lab, Czech Republic).

2.2. Filtration stations and membranes

2.2.1. Ultrafiltration

The cross flow ultrafiltration station ARNO 600 (Mikropur,
Hradec Kralové, Czech Republic) is equipped with a piston pump
Hydra-cell (model G13, Wanner Engineering Inc., USA), having a
maximum power of 1500 W and a speed of 1450 RPM (Fig. 1). The
maximum output is 600 I/h, the maximum operation pressure is
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Fig. 1. The technological scheme of the filtration unit ARNO 600.

6 MPa, and the maximum temperature is 75 °C. A ceramic tubular
membrane (TAMI Industries, Nyons, France) with a cut off of 50 kDa
(with zironia active layer), a length of 30 cm, and a filtration area of
0.076 m? was used for ultrafiltration.

2.2.2. Nanofiltration

Nanofiltration was carried out using filtration station TIA
(model NA-IO, Bollene, France, Fig. 2). The filtration is driven by the
Cat Pump 311 (Minneapolis, USA) with a maximum flow rate of
900 I/h. The maximum operation conditions are: temperature
50 °C, pressure 0.6 MPa, pH 2—11. A spiral wound membrane NF
270-2540 (Dow Chemical Company, Midland, USA) with a filtra-
tion area of 2.6 m? was used for nanofiltration. This membrane is
intended for removing a high percentage of total organic carbon
(TOC) and trihalomethanes (THM) precursors with medium to
high salt passage and the MgSO4 rejection (2000 ppm, 25 °C) of
more than 97%.

2.2.3. Reverse osmosis

Fresh whey was concentrated in the local dairy (Milko, Podé-
brady, Czech Republic) using a reverse osmosis membrane GE
Osmonics, type AF3840C-30D (Lenntech, Delft, The Netherlands).

2.3. Process conditions

2.3.1. Ultrdfiltration, nanofiltration and didfiltrations of non-
fermented whey

Non-fermented cheese whey was filtered in two main steps,
each consisting of several individual stages. Fig. 3 shows the

ultrafiltration set-up including the names of individual products/
samples. Ultrafiltration (single step, UF) was carried out first to
concentrate the whey. Then three diafiltrations (DUF1 — DUF3)
followed, during which demineralised water was added into feed.
The volume of permeate removed corresponded to the volume of
added water; i.e. twice 4 kg and once 1 kg of water were added,
which means 9 kg of water in total (Fig. 3). The driving pressure was
0.1 MPa at the temperature of 35 °C both for single step UF and all
diafiltrations.

Permeates from ultrafiltration were mixed together and used as
the feed solution for the following cross-flow nanofiltration (single
step, NF) followed by three diafiltrations (DNF1 — DNF3), where
10 kg of water was added three times (Fig. 4). Again, the amount of
water added corresponded to the amount of permeate removed.
The driving pressure was 1.5 MPa at the temperature of 35 °C.

Both ultrafiltration and nanofiltration ran in the retentate
recycling mode. Samples of feed, permeates and retentates were
collected in every step, including diafiltrations. The process set-up
and the names of samples in individual nanofiltration stages are
summarised in Fig. 4.

2.3.2. Reverse osmosis of cheese whey

Reverse osmosis of fresh cheese whey was carried out in the
local dairy in three stages. The process conditions were as follows;
the temperature was 20 °C at the pressure of 0.88 MPa and the flow
rate of 12,000 1/h in the 1% stage, in the 2" stage the temperature
was 40 °C at the pressure of 3.25 MPa, and in the 3rd stage the
temperature was 5 °C at the flow rate was 5000 I/h. The whey was
cooled down to 20 °C between the stages 2 and 3.

Spiral wound nanofiltration module

Regulating
valve
DX Retentate— = e
—
cooling Feed Permeate
water
Cooler

Pressure pump (with three pistons)

Fig. 2. The technological scheme of the filtration unit NA-IO TIA 600.
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Fig. 3. The technological scheme of the ultrafiltration and following diafiltrations; F — feed, P — permeate, R — retentate, UF — ultrafiltration, DUF — dia-ultrafiltration.
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Fig. 4. The technological scheme of the nanofiltration and following diafiltrations; P — permeate, R — retentate, NF — ultrafiltration, DNF — dia-nanofiltration.
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2.3.3. Nanofiltration of fermented whey

Fermented cheese whey for sourdough preparation was
concentrated in single step nanofiltration (NF2) using FILMTEC NF
270-2540 membrane (Dow Chemical Company, Midland, USA)
described in Section 2.2.2. Samples of permeates and retentates
were taken every 15 min and analysed (organic acid content, pH,
TTA and refractometric dry solids). The driving pressure was
1.5 MPa at the temperature of 35°C. Samples of permeate and
retentate taken in the 30™ minute (samples P30 and R30) were
used for sourdough preparation.

2.3.4. Whey fermentation

Fermentation was carried out in an industrial scale batch ver-
tical fermenter with bottom heating (Josef Trkovsky, Milevsko,
Czech Republic) at the temperature of 35 °C for 72 h. Fermenter
volume was 500 1, with a maximum filling ratio of 66%. The volume
of fermented whey was 330 | and the pH was 5—6. No supplements
were added to the bioreactor.

2.3.5. Sourdough preparation and drying

Fermented cheese whey was divided into three parts, each
having a volume of approximately 1001 Every part was then
treated by several different processes to obtain dried sourdough
pellets. The flow chart of all processes used is summarised in Fig. 5.

First part of the fermented cheese whey was blended with
barley flour in a weight ratio of 3:1 (whey: barley flour) and dried in
a fluid dryer (Revtech, Loriol, France) at a temperature of 10 °C for
30 min. Processing conditions for drying were set to concentrate
sourdough but not to destroy naturally produced organic acids and
the present microorganisms.

Other part of the fermented whey (approximately 100 1) was
concentrated using nanofiltration. Both permeate and retentate
taken in the 30™ minute during the NF of fermented whey were
sprayed on the surface of sourdough pellets with the aim to in-
crease the concentration of organic acids in the final product. Every
layer was dried in a fluid dryer (Revtech, Loriol, France) at 10 °C for
30 min before another layer has been applied. The total number of
layers sprayed was 7.

Remaining part of fermented whey was treated by low-
temperature extrusion in a twin screw extruder with three cham-
bers (Fine-Mechanik, HB GmbH, Metten, Germany) for 6 h. Low
temperature of extrusion (3—5 °C) was maintained by cold water
(temperature of —4 °C) in a jacketed vessel cooling system. 80 I of
fermented whey was mixed with barley flour (3:1) and this paste
entered the extruder. Another 201 of fermented whey was also
injected into the 2" chamber of the extruder and the paste was
thickened in the 3™ chamber, where the pellets were formed. Then
the pellets were dried in a fluid dryer (Revtech, Loriol, France)
under the conditions described above.

2.4. Calculations

Feed and permeate weights were measured before and after the
filtration, however, the amount of retentate could not be precisely
measured due to the losses of solution inside the filtration units.
That is why the amount of retentate was calculated from the mass
balance (1) where mg, mp and mg is weight of retentate, permeate
and feed [kg], respectively.

mg =mp —mp  [kg] (1)

Mass concentration factor (MCF) was then calculated according
to Eq. (2) (Koros et al., 1996):

MCF = mp/mg (1] (2)

Apparent rejection factor R; was expressed by Eq. (3) (Koros
et al., 1996) where cip and cjr are concentrations [g/l] of compo-
nent i in the permeate and the feed, respectively.

R =1-SP 3)
CiF
Relative recovery of components 7; was calculated by Eq. (4)
(Koros et al., 1996), as a ratio of the weight of the component in
the useful product m;e, to the total weight of the component
entering the process mj to:

ni = mi«,out/mi,mt [l] (4)

2.5. Analytical methods

Lactose and galactose content was measured by anion-exchange
chromatography with amperometric detection (Electrochemical
detector ED50, Dionex, Thermo Fisher Scientific, Sunnyvale, USA),
column CarboPac PA1 (2 x 250 mm, Dionex, Thermo Fisher Scien-
tific, Sunnyvale, USA), pump (model GS50, Dionex, Thermo Fisher
Scientific, Sunnyvale, USA) providing a flow rate of 0.25 ml/min at
25 °C (thermostat TCC-100 Dionex, Thermo Fisher Scientific, Sun-
nyvale, USA). The mobile phase composition was 50 mM NaOH for
isocratic elution (for 20 min) followed by 20 min of column
regeneration in 200 mM NaOH.

Organic acids (lactic, acetic, propionic, citric) were analysed by
isotachophoresis (lonosep 2003, Recman, Ostrava, Czech Republic).
The setting of electric current was: 10 pA for 10 s, 100 pA for 390 s,
50 pA for 400 s, and 10 pA for 30 s. Driving electric currents were
80 A (beginning) and 30 pA (terminal). Organic acids in dried
sourdough pellets were determined after pulverization of the
sample. One g of powder was transferred into a 100 ml volumetric
flask with 50 ml of demineralised water and extracted using an
ultrasonic bath (Kraintek K3-L, Hradec Kralove, Czech Republic) for
15 min at 25 °C. Then the flask was cooled down to 20 °C and filled
up with distilled water.

Dry solid content was determined by drying at 105 °C to constant
weight (ICC 110/1, 1996).

Nitrogen and protein contents were measured using the Kjeldahl
method. The multiplication factor to calculate the protein content
was 5.7 (ICC 105/2, 1996).

Total titratable acidity (TTA) was determined by mixing 10 g of
flour with 100 ml of demineralised water and few drops of ethanol
to prevent lump formation. TTA was determined by titration of
prepared suspension with the sodium hydroxide solution (0.1 mol/
1), and phenolphthalein as indicator.

pH was measured by a digital pH meter INoLAB pH 720 (WTW,
Weilheim, Germany). The refractometric dry solids was determined
by a digital refractometer RFM 640 (Bellingham & Stanley Ltd.,
Basinstoke, UK).

3. Results and discussion
3.1. Membrane filtration

The filtration experiments were mainly focused on separation
efficiency and recovery of individual components. The filtration
kinetics was measured as well. The permeate flow rate was about
4-51/h m? during ultrafiltration and 3—5 during nanofiltration 1/
h.m?. In both cases, the permeate flow rate was not improved by
addition of water during diafiltration.

3.1.1. Ultrafiltration of non-fermented whey
The aim of ultrafiltration and diafiltrations was to separate the
protein fraction and obtain a permeate rich in lactose and organic
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Fig. 5. The flow chart of technological procedures for sourdough preparation.

acids, which can be used for sourdough preparation. The concen-
trations of various compounds in products from ultrafiltration and
diafiltrations are summarised in Table 1. The mass concentration
factor in single step UF was 3.1. Changes in concentration of chosen
components during the ultrafiltration on 50 kDa membrane are
shown in Figs. 6 and 7. It is evident that the retention of proteins
and nitrogen compounds (Fig. 6) was very high (80.9%) on the UF

membrane and both of these components became concentrated in
the retentate even during the three diafiltrations. This membrane
will retain most of larger proteins (Walstra et al., 1999), such as
immunoglobulines (~150 to 900 kDa), bovine serum albumin
(~66 kDa), lactoferrin (~86 kDa), and transferrin (~76 kDa). Sepa-
rated proteins are a valuable fraction, which can be used for the
production of a protein concentrate or a protein isolate and sold
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Table 1
Concentrations and mass fractions of compounds in ultrafiltration feed, permeates and retentates.

T (h) Sample DS (% w/w) N (% w/w) Pr (% wiw) Glc (g/1) Gal (g/l) Lac (g/) CA (g/l) AA (g/1)
0.00 F-UF 5.6 0.12 + 0.007 0.774 + 0.042 0.036 1.530 43.36 + 047 0.53 0.15
19.90 P-UF 4.2 0.02 + 0.000 0.148 + 0.000 0.023 — 37.59 +0.32 0.40 0.13
30.80 P-DUF1 2.5 - - 0.018 — 20.40 + 0.80 0.31 0.12
42.87 P-DUF2 14 — — 0.015 1.288 10.13 + 0.06 0.16 0.06
46.63 P-DUF3 14 — - 0.013 1.369 9.72 +0.37 0.15 0.06
19.90 R-UF 74 0.30 + 0.000 1.921 + 0.000 0.068 3.139 42.48 + 0.66 0.61 0.19
30.80 R-DUF1 6.2 0.32 +0.001 2.043 +0.008 0.025 3.061 29.59 + 0.96 0.39 0.14
42.87 R-DUF2 41 0.28 + 0.005 1.754 + 0.033 0.013 1.905 16.93 + 1.12 0.21 0.07
46.63 R-DUF3 4.4 0.33 +0.001 2.098 + 0.006 0.007 2.123 17.91 £ 0.55 0.21 0.06

T — time of filtration, DS — dry solids, N — nitrogen compounds, Pr — proteins, Glc — glucose, Gal — galactose, Lac — lactose, CA —citric acid, AA — acetic acid, F — feed, P —

permeate, R — retentate, UF — ultrafiltration, DUF — dia-ultrafiltration

separately. Proteins remaining in the whey UF permeate (19% of the
entering proteins) contribute to the higher content of proteins in
the final sourdough product.

The UF membrane also partly rejected lactose therefore some
lactose remained in retentate. However, lactose concentration in
the retentate decreased; as some of the lactose was washed into the
permeate during diafiltrations. Similar effect is obvious in Fig. 7
where the organic acids partially retained in the single step ultra-
filtration (samples P-UF and R-UF) were transferred into permeate
during diafiltrations (samples P-DUF1, P-DUF2, and P-DUF3) and
their concentration in retentates gradually declined after each
diafiltration (samples R-DUF, R-DUF2, and R-DUF3).
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Relative recovery of components during single step ultrafiltra-
tion and all three diafiltrations in total was calculated (Table 2) from
the mass balance. The recovery of nitrogen compounds was 81% in
the retentate, both for single step ultrafiltration and diafiltrations.
Lactose loss in single-step UF was 37%, but the diafiltrations
reduced the loss of lactose to 14%. Similar effect is seen in organic
acids rejection where the recovery after the three diafiltrations was
between 80% and 90%. Diafiltrations on the ultrafiltration mem-
brane were efficient in reducing of losses of components (mainly
organic acids) important for sourdough preparation.

3.1.2. Nanofiltration of non-fermented whey

Nanofiltration membrane NF 270-2540 (Dow, Filmtec) was
applied in order to obtain concentrated organic acids and carbo-
hydrates from the UF permeate. The achieved mass concentration
factor in single step NF was 2.9. Composition of various NF products
is shown in Table 3. As it is seen from Fig. 8, nitrogen compounds
and lactose were mostly retained by the membrane. Lactose and
galactose rejection factor in a single step nanofiltration was 93.3%
and 77.1%, respectively (Table 2). From all analysed organic acids,
the citric acid was the most concentrated acid in retentate (Fig. 9).
With its molecular weight of 192 g/mol, citric acid has the largest
molecule from all analysed organic acids whose molecular weights
are between 60 g/mol (acetic acid) and 91 g/mol (lactic acid).
Rejection of organic acids was between 71% and 76%, and during
the following diafiltration, the acids (apart from citrate) were
transferred into permeate. As a consequence, the diafiltration
deteriorated the relative recovery (Table 2). Only a single step
nanofiltration is necessary to concentrate acids and carbohydrates,
which can be used for sourdough preparation.

Table 2
Relative recovery (n;) and rejection factors (R;) of some components in various
filtration products.

Component Relative recovery 7; (%) R; (%)
Permeate Retentate Permeate Retentate
Single step  Single step  DF Total DF Total Single step
UF
Nitrogen 19 81 19 81 —
Lactose 63 37 86 14 13.31
CA 58 43 80 20 24.67
AA 59 43 88 12 -
NF
Nitrogen 47 53 55 45 —
Lactose 4 96 15 85 93.30
Galactose 34 66 48 52 77.08
CA 20 80 14 86 71.10
LA 33 67 81 19 76.41

CA — citrate, LA — lactic acid, AA — acetic acid, DF — diafiltration, UF — ultrafiltration,
NF — nanofiltration.
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Table 3
Concentrations and mass fractions of compounds in nanofiltration feed, permeates and retentates.

T (h) Sample DS (% wiw) N (% w/w) Pr (% wiw) Glc (g/1) Gal (g/l) Lac (g/1) CA (g/l) LA (g/l)
0.00 F-NF 31 0.025 + 0.002 0.159 + 0.010 0.022 0.927 27.62 +0.95 0.299 0.365
0.68 P-NF 0.4 0.009 + 0.000 0.058 + 0.000 0.008 0.212 1.85+0.23 0.087 0.086
1.02 P-DNF1 0.2 0.005 + 0.001 0.034 + 0.006 0.014 0.161 1.46 +0.21 0.064 0.045
1.95 P-DNF2 0.2 0.003 + 0.000 0.021 + 0.001 0.018 0.122 1.25+0.15 0.055 0.025
3.13 P-DNF3 0.1 0.003 + 0.000 0.020 + 0.003 - 0.148 1.65 +0.22 0.064 0.013
0.68 R-NF 6.8 0.038 + 0.003 0.243 +0.017 0.024 1.742 49.33 +1.21 0.652 -
1.02 R-DNF1 6.5 0.034 + 0.000 0.220 + 0.000 0.023 1.640 49.81 + 1.52 0.705 -
1.95 R-DNF2 6.0 0.029 + 0.000 0.187 + 0.000 0.024 1439 47.61 + 1.67 0.638 —
3.13 R-DNF3 7.6 0.037 + 0.002 0.238 + 0.010 0.011 1.554 56.10 + 3.20 0.796 -

T — time of filtration, DS — dry solids, N — nitrogen compounds, Pr — proteins, Glc — glucose, Gal — galactose, Lac — lactose, CA — citric acid, LA — lactic acid, F — feed, P —

permeate, R — retentate, NF — nanofiltration, DNF — dia-nanofiltration.

3.2. Sourdough preparation

Traditional cheese whey fermentation with bacteria of Lacto-
bacillus genera produces high amounts of lactic and acetic acids.
The inhibition effect of propionic acid on the growth of microor-
ganisms and moulds is much stronger than the one of lactic and
acetic acids. In this work, the synergistic effect of lactobacilli and
propionibacteria was used to transform lactic acid into propionate,
which is a natural preservative. The aim was to produce a sour-
dough with high content of natural propionic acid.

Nanofiltration, previously tested for concentration of organic
acids and lactose in non-fermented whey, was used for processing
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of fermented whey too. Fig. 10 shows the content of organic acids
(propionate, lactate and acetate) in the feed (sample F), permeate
collected in the 30th minute (sample P30), and retentate collected
in the 5th and 30th minute of the filtration (samples R5 and R30). It
is obvious that the concentrations of acids in retentate increased
very slowly during the nanofiltration. The reason is the large vol-
ume of feed filtered (501), and only small amount (10.251) of
permeate collected in first 30 min. After 30 min, another 501 of
cheese whey was added into the feed tank to process large quantity
of whey for the next sourdough preparation. That is why low
concentration factors were achieved.

Both permeate P30 and retentate R30 from nanofiltration were
sprayed on the surface of the sourdough pellets (Fig. 5). The
resulting amount of naturally produced propionic, lactic and acetic
acids in dried sourdough pellets is summarised in Table 4. The
concentration of propionic acid, which is the main preservative,
was between 0.24% and 4.11 % in dried sourdough and increased
with number of layers sprayed on the top of the pellets. Therefore,
gradual application of several layers of fermented whey on the
pellet surface increased the total amount of propionate in the final
sourdough product.

On the other hand, the differences between the applications of
permeate (Table 4, samples SD-P1 to SD-P7) and retentate (samples
SD-R1 to SD-R7) were insignificant. For example, the lactic acid
contents in pellets with five layers of filtered whey (Table 4, sam-
ples SD-R5 and SD-P5) were similar both for retentate (2.23%) and
permeate (2.27%) coating. This was caused by the fact that the
samples of permeate and retentate (P30 and R30) were taken too
early (after 30 min) and the fermented whey was not sufficiently
concentrated by nanofiltration. Therefore, the expected higher
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Fig. 10. Concentration of organic acids during nanofiltration of fermented cheese
whey; LA — lactic acid, PA — propionic acid, AA — acetic acid, F — feed, P30 — permeate
from the 30th minute, R5, R30 — retentates from the 5th and 30th minute, respectively.
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Table 4

Concentration of organic acids, pH and TTA in dried sourdough pellets.
Sample Treatment pH TTA® LA (% w|w) AA (% wlw) PA (% wiw)
SD-R1 Applied 1 layer of whey retentate® 6.02 18.5 248 0.59 0.24
SD-P1 Applied 1 layer of whey permeate?® 6.03 20 2.36 0.58 0.41
SD-R2 Applied 2 layers of whey retentate® 6.10 14.5 1.91 0.87 1.04
SD-P2 Applied 2 layers of whey permeate® 6.22 15.25 2.01 0.93 1.47
SD-R3 Applied 3 layers of whey retentate® 6.18 16.25 1.85 0.82 1.94
SD-P3 Applied 3 layers of whey permeate® 6.28 13.25 1.74 0.89 1.42
SD-R4 Applied 4 layers of whey retentate® 6.23 16.75 2.07 0.90 1.49
SD-P4 Applied 4 layers of whey permeate® 6.32 115 2.18 1.29 2.07
SD-R5 Applied 5 layers of whey retentate® 6.34 13.25 2.23 1.42 3.22
SD-P5 Applied 5 layers of whey permeate® 6.39 10 2.27 1.86 3.78
SD-R6 Applied 6 layers of whey retentate® 6.25 13.75 1.81 1.19 249
SD-P6 Applied 6 layers of whey permeate?® 6.40 9.75 243 1.99 411
SD-R7 Applied 7 layers of whey retentate® 6.20 14.5 221 1.34 2.55
SD-P5 Applied 7 layers of whey permeate® 6.51 8.5 247 2.06 3.59
SD-E Extrusion - - 13.58 235 3.23

TTA — Total titratable acidity, PA — propionic acid, LA — lactic acid, AA — acetic acid.
2 fluid drying.

concentration of components in retentate has not been achieved. To References

avoid this problem in a future, longer nanofiltration time will be
necessary.

To achieve even higher concentration of organic acids in dried
sourdough, the extrusion has been tested as another method for
pellet preparation. The amount of propionate in a sample prepared
by extrusion (sample SD-E, Table 4) was comparable with the
samples prepared by spraying of at least 5 or more layers of NF
retentate or permeate (e.g. sample SD-R5, SD-P5 or SD-P7). Acetate
and lactate concentrations in the extruded sample were the highest
from all dried pellets. Therefore, low temperature extrusion was
very efficient for production of dried sourdough pellets.

Conclusions

Obtained results suggest that using cheese whey for sourdough
preparation represents another possible alternative in utilisation of
this problematical by-product. Both whey and barley contain many
health beneficial compounds and their combination together with
suitable technological procedure leads to a product, which has
positive effects on human metabolism, and contributes to sus-
tainable food production.

Various processes were tested in sourdough preparations; some
of them were quite unique and novel. Fluid drying and extrusion at
a low temperature resulted in a native sourdough with high activity
and viability of lactobacilli and propionic bacteria. Prepared dried
sourdough pellets were of pale brown colour, easy to transport,
handle, and ready to use for bread making. The activity of bacteria
in dried sourdough lasts for several months if the sourdough is
stored at low temperature (5 °C). Prepared sourdough is a natural
rich source of organic acids (mainly propionic and lactic), which are
known for their inhibitory effect on the growth of food undesirable
microorganisms and moulds. Therefore its application in bread
making may improve the shelf life of the product and substitute
chemical preservatives.
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ABSTRACT

Wholemeal flour from five Czech spring barley materials was processed in a single-screw extruder at 130
°C, addition of 20% water and a screw speed of 220 rpm. Two barleys (AF Cesar, AF Lucius) were hulless
cultivars with a standard starch composition, while three barleys (KM 2624, KM 2460-1, KM 2460-2)
were hulled waxy lines. The effect of extrusion on content of different dietary fibre fractions was
determined. Also the changes of the molar mass of B-glucan were studied. Regardless of the barley
genotype (standard starch or waxy), the extrusion had no significant effect on arabinoxylan content. A
significantly higher beta-glucan and soluble dietary fibre content in barley cultivars with standard starch

g?r/r:;rds' composition was observed after extrusion. The content of insoluble dietary fibre decreased significantly
Extrusion in all extruded flours. The molar mass of water-extractable beta-glucan increased independently of the
Dietary fibre barley variety after extrusion. But the increase in beta-glucan extractability due to extrusion was not
Beta-glucan observed.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Barley is the fourth major cereal crop in the world. From 2013 to
2014 the world production of barley was 145 million metric tonnes
(www.igc.int). Most harvested barley is used for feeding, malting
and brewing, and only a minor part (2—5%) is consumed by the food
industry. In 2013, 1.5 million metric tonnes of barley were har-
vested in the Czech Republic. About 75,000 tonnes of this barley
were used for food production (Ministry of Agriculture CR, 2013).
Barley kernels are processed into various sizes of pearls, flakes, and
white or wholemeal flour. The average daily consumption of cereal
products per person in Europe is about 226 g, and the WHO/FAO
recommend consuming mainly whole grain products in order to
increase the daily intake of dietary fibre. Hulless barley is a good
source of fibre and can be easily prepared in the whole grain form,
in contrast with hulled barley varieties.

Total dietary fibre (TDF) is the most important component of the

* Corresponding author. University of Chemistry and Technology Prague,
Department of Carbohydrates and Cereals, Technicka 5, 166 28 Prague 6, Czech
Republic.

E-mail address: honcui@vscht.cz (I. Honcu).
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0733-5210/© 2016 Elsevier Ltd. All rights reserved.

whole barley grain because it contributes to substantially lowering
the risk of serious diet-related diseases as well as improving overall
human health (Collins et al., 2010). The mean TDF content in hulled
and hulless barley, with a standard composition of starch, is about
17% and 13%, respectively. TDF is about 20% in hulled barley and 14%
in hulless genotypes of barley with a high content of amylopectin in
starch (95—100%, e.g. called “waxy”) (Ullrich, 2011). The major parts
of TDF are non-starch polysaccharides, mainly cellulose, arabinox-
ylans (AX), (1 — 3) (1 — 4)-B-p-glucans (BG), and oligo-
saccharides. The total mixed linked BG content in barley ranges
from 2 to 10% (Brennan and Cleary, 2005; Tiwari et al., 2011) and
the total AX content varies from 3 to 8% (Honcu et al., 2013). The
location and the content of BG in barley grain are particularly
important from a technological and nutritional point of view. The
nutritional value and health-promoting potential of barley depends
on the composition of the kernel and is controlled by genotype,
environmental growing conditions and their interactions (Ullrich,
2011). Some nutritional and health benefits of BG consumption
include the maintenance of normal blood cholesterol levels as well
as the reduction of rises in blood glucose levels after meals
(Commision Regulation (EU) No. 432/2012). Barley grain fibre also
contributes to an increase in faecal bulk. It can be expected that the
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Abbreviations

AX arabinoxylan

BG (1 - 3) (1 — 4)-p-o-glucans
CA cellulose acetate

GPC gel permeation chromatography
IDF insoluble dietary fibre

Mw mean molar mass

PET polyethylene terephthalate

RVA™  Rapid Visco Analyser

SDF soluble dietary fibre

SE standard error

SEM scanning electron microscopy
TCW Thermocline for Windows™

TDF total dietary fibre
TPEF temperature profile of extruded flour
TPNF temperature profile of native flour

consumption of BG may influence the risk of colon cancer and
cardiovascular diseases (Collins et al., 2010; Newman and Newman,
2008). In addition to these features, the consumption of barley
based products gives a feeling of satiety (Lyly et al., 2009; Wanders
et al., 2011).

The extrusion process is a highly adaptable, highly productive,
cost-effective and energy efficient technology with the ability to
produce unique product shapes and high product quality
(Sharma and Gujral, 2013; Vasanthan et al., 2002a). It is mostly
carried out at high pressure, temperature and using mechanical
shearing, however, low-temperature extrusion is also applied in
cereal technology (Brennan et al., 2008; Gajula et al., 2008, 2009;
etc.).

The chemical reactions that take place during extrusion, espe-
cially the breakdown of polymeric compounds, depend on many
parameters concerning the raw materials, additives, technical
equipment, and processing conditions. Rheological and physico-
chemical properties of the dough, and physical properties of the
extruded product, are influenced by different variables such as the
type of extruder, feed rate, moisture content, residence time,
temperature profile in the different heating zones, screw configu-
ration and its geometry, screw speed etc. (Sharma and Gujral,
2013).

Extrusion causes changes to the properties of the barley flour's
polymeric components such as starch, protein, BG and AX (e.g. an
increase of solubility and viscosity, a breakdown of polymer side
chains, a partial or full starch gelatinization and/or protein dena-
turation and possibly formation of the inclusion complex between
lipids and amylose) and it may enhance its suitability in cereal
technology. Colour, flavour, and the shape and texture of the
product are affected conditions that occur during extrusion. Addi-
tionally, the molar mass of the dietary fibre components (BG, AX)
can be changed, however, loss of vitamins and amino acids are
comparatively low, due to the short retention time of the material
in the extruder.

The aim of the presented study was to investigate the
changes in composition and properties of dietary fibre compo-
nents in different cultivars as well as new breeding lines of
barley during the extrusion process. The ways in which extrusion
affected the content of BG, AX, the soluble and insoluble parts of
dietary fibre, and the molar mass distribution of water-
extractable BG in native and extruded barley flours were also
very closely studied.

2. Materials and methods
2.1. Barley

Five types of Czech spring barley were obtained from Agrotest
Fyto Ltd. (Kroméfiiz, Czech Republic). AF Cesar and AF Lucius were
hulless barley cultivars with standard starch compositions, regis-
tered for growing in the field conditions of the Czech Republic. AF
Cesar, a new cultivar registered specifically for food production, had
a significantly higher BG content than AF Lucius. The other three
materials (KM 2624, KM 2460-1, KM 2460-2) were the new hulled
waxy barley breeding lines with higher BG and AX contents,

whereas genotypes KM 2460-1 and KM 2460-2 were sister lines.
2.2. Barley processing

The hulless barley was peeled and the hulled barley was
abraded before milling. Peeling and abrasion were carried out with
a low-diameter hulling machine KMPL (JK Machinery Ltd., Pland
nad Luznici, Czech Republic) in Bio-Vavfinec Ltd. (Okrouhlice,
Czech Republic). The hulless barley passed through the machine
once, and only at a low speed. The hulled barley passed through the
machine four times at a higher speed. The weight loss of the hulless
barley was 4.9% and 3.5% for AF Cesar and AF Lucius, respectively.
The weight loss of the hulled barley was 14.5—15.5%. The processed
materials were milled in a hammer mill (SK 600, Stefan Tuska
Company, Slovak Republic) into native barley flours (wholemeal)
with a mesh size 1 mm. Particle size distribution of the native flours
was determined by a sieve analysis with 6 sieves of the mesh size:
800, 630, 500, 200, 90 and 50 pum. The flour weight used for analysis
was 50 g and the analysis time was 5 min. The highest flour particle
amount for cultivars with a standard starch composition was
determined to be between 90 and 200 pm, namely 37%. Between
sieves with the mesh size 200 and 500 um and 50 and 90 pm
identically equal amount of the flour particles was established, 27%.
About 9% of the flour particles were larger than 500 um. The highest
amount of flour particles for waxy lines was measured between 50
and 90 pm, namely 45%. Between the mesh sizes 200 and 500 pm
about 30% of the particles were found. About 19% of flour particles
had size between 90 and 200 um, while only 4% of the particles
were bigger than 500 um.

2.3. Extrusion

Pilot scale extrusion processes were carried out under optimal
operating conditions for barley (Extrudo Becice Ltd., Becice, Czech
Republic). The extrusion conditions were adjusted and based on
verified experience. A single-screw extruder (model 60-B-9250-BL,
Schaaf Technologie GmbH, Bad Camberg, Germany) with the
TURBO extrusion process was used (Fig. 1). When compared to
conventional screw machines, the transport, mixing, and kneading
of the dough mass is realized much more efficiently. There is a
tremendous pressure difference created due to the high viscosity of
the dough among the front and rear sides of the arms of the rotor.
Moreover, cavitation, which is generally undesirable in the extru-
sion process, has a homogenizing effect and ensures optimal heat
transfer within the dough mass when compared to the traditional
extrusion process. This way it is possible to process materials
containing higher amounts of fat, sugar or fibre, and furthermore,
sterilization of the materials is more effective than in other extru-
sion processes (e.g. single extrusion). TURBO provides better
product stability, texture and flexibility, and also gives uniform
shape and texture with increased capacity and dependable repro-
duction of the extrusion parameters of the product. Through opti-
mized dimensioning of the turbine, pressure plates, and sequential
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Fig. 1. Turbo extruder and its component, provided by Schaaf Technologie GmbH, Bad
Camberg, Germany (Seker, 2012).

placement of numerous TURBO stages, it is possible to create very
high through-puts even with smaller extruder lengths. The TURBO
extrusion is also designated as high temperature, ultra short time,
which is why the residence time is reduced to 8 s (Seker, 2012).

The processing conditions of extrusion were as follows: the
temperature of extrusion in the barrel head was 130 °C, there was a
water addition of 20% in relation to flour, and the screw speed was
220 rpm. The flow rate was about 50% of the nominal capacity and
amounted to 150 kg/h. The L/D ratio was 2.3:1; the screw diameter
was 92.5 mm and the processing barrel length was 210 mm. The
diameter of 10 circular nozzles was 3 mm. The dough dosage to the
screw was 40% and to the barrel 50%. The screw speed determines
the number of the compression and decompression cycles to which
the dough is subjected during the passage through the processing
zone, and as well the dough temperature in the TURBO extruder.
The changes of temperature in single barrel zones give rise to the
compression and decompression of the dough. The final extruded
products, barley pellets, have a length of 10 mm and an average
diameter of 5 mm with an expansion index of 1.6. These pellets are
intended to be a ready-to-eat snack. The pellets were milled
(hammer mill) with the screen size of 0.5 mm. The final analyzed
product was called extruded barley flour for further analysing and
processing. Particle size distribution of the extruded flour was
determined by a sieve analysis with 4 sieves having mesh sizes of
500, 200, 90 and 50 um. The representation of the particle size in all
extruded flour was very similar. On the screen with a mesh size of
500 um, about 15% of extruded flour particles were remained. Be-
tween screens with mesh size of 200 and 500 pum, 40% of the par-
ticles was found. The amount of 28% of the particles was
determined between sieves with mesh size 90 and 200 pm and
between 50 and 90 pm, it was about 16%. The rest had dimensions
of less than 50 um.

2.4. Analyses

Basic chemical analyses were performed on native and extruded
varieties of barley flour. The moisture content was determined
according to Method CSN EN ISO 712. The total nitrogen content
was determined by ICC STANDARD No. 167 using a protein analyzer
(FP-528, LECO Corporation, St. Joseph, Michigan, USA). The protein
content was calculated with the conversion factor 6.25. The starch
content (CSN EN ISO 10520), free fat content (Javorsky et al., 1987),
dietary fibre content (total dietary fibre-TDF, insoluble dietary
fibre-IDF, and soluble dietary fibre-SDF) (AOAC 991.43) were
determined by standard methods. Crude dietary fibre (namely the

content of cellulose) was measured by oxidative hydrolysis ac-
cording to the method of Javorsky et al. (1987). AX determination
was performed according to Douglas (1981) with xylose calibration.
The content of the total BG in native and extruded barley flours and
the content of water-extractable BG in extracts obtained from the
flours (section 2.5.) were determined enzymatically using the BG
enzymatic assay kit (Megazyme Ireland International, Ltd., Wick-
low, Ireland) following the ICC Method Nr. 166. Moisture content in
the extracts was determined by drying at 105 °C for 1.5 h. The
content of all components was reported on a dry matter basis
(d.m.).

2.5. B-glucan extraction process and molar mass determination

According to Temelli (1997), BGs were extracted from native
and extruded barley flours using a modified procedure. In this
study, fifty grams of native barley flour or twenty-five grams of
extruded barley flour were used for extraction. The optimal con-
ditions for extraction were as follows: T = 55 °C, pH = 7.0 and
extraction time 2 h. The extraction of water-extractable BG was
performed two times for each analysed barley flours. The molar
mass distribution and mean molar mass (Mw) of the water-
extractable BG in extracts was determined by gel permeation
chromatography (GPC). The final extracts were dissolved in an
aqueous solution of sodium azide (0.02%, w/v) by heating in a
water bath at temperature in the range of 65—70 °C for 30 min.
The final concentration of the extracts was 5 mg/ml and 1 mg/ml
for native and extruded flours, respectively. The extracts were
stirred two times with a vortex mixer for 30 min, and then fil-
trated through hydrophilic CA (cellulose acetate) membranes with
a porosity of 0.45 pm. The chromatographic system consisted of an
injector (Rheodyne 7725i) with injection volume 100 pl (IDEX
Health & Science, Germany), a pump (Kontron 422, Germany) and
a guard column (Shodex SB-G 50 x 6 mm) controlled with GPC/
SEC software (Cirrus). Two columns (Shodex OHpak SB-803 HQ
and SB-806 HQ, SHOWA DENKO EUROPE GmbH, Germany) with a
polyhydroxymethylmethacrylate gel were used. Detection was
carried out by a refractive index (RI) detector (ERC 7515A, ERMA
CR, Inc., Tokyo). Pullulan standards (Polymer Laboratories Ltd)
were used for the calibration.

2.6. Scanning electron microscopy (SEM)

The changes and differences in structure between native and
extruded barley flours were observed by SEM (scanning electron
microscope TESCAN VEGA3 LMU, conventional thermo emission
tungsten cathode, BSE detector, low vacuum microscopy in so-
called UniVac mode operation pressure 10 Pa) (TESCAN, Brno,
Czech Republic). The flours were placed on a carbon tape
mounted to the SEM holder and observed at 20 kV voltages. The
obtained micrographs showed the structural arrangements of
starch, protein and fibre in the native and extruded barley
flours.

2.7. Rapid Visco™ analyser (RVA™)

The viscosity of the native and extruded barley flours was
measured by RVA™ (RVA 4500, Perten Instruments, Sweden)
combined with the Thermocline for Windows™ (TCW3) software.
The basic weight of both types of flour was 3 g (in raw basis) and
was automatically corrected to a moisture basis of 12%. Water
addition (25 g) was constant. The native flour was suspended in
distilled water by rotating it with a paddle about 10 times, or until
no lumps were observed. The canister with the sample and paddle
was inserted to the RVA Instrument and the analysis was started.
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The extruded barley flour was prepared by being added to the
canister with water, capping the canister with rubber stopper and
shaking vigorously. The paddle was then used as a spatula to scrape
down the inside of the canister and for checking lumps. The sus-
pension was stirred at 160 rpm. One determination required 16 min
for the native flour, and 20 min for extruded flour. The profile was
as follows for native flour: idle and hold at 50 °C, 0—1 min; ramp up
to 95 °C, 1—4:45 min; hold 95 °C, 4:45—7:12 min; cooling on
50 °C—7:12—11 min; hold at 50 °C—16 min. The profile was as fol-
lows for extruded flour: idle and hold at 25 °C, 0—2 min; ramp up to
95 °C, 2—6 min; hold 95 °C, 7—10 min; cooling on 25 °C,10—16 min;
hold at 25 °C up to 20 min.

An RVA™ test was performed to support the results obtained
from the SEM analysis with regard to changes in physico-chemical
properties of barley polymers. The results of RVA™ are shown in
Fig. 4.

2.8. Statistical analysis

Results of AX, SDF, IDF and TDF were expressed by means of
quadruple analyses and the other results by sixfold analysis. All of
the results were calculated on dry matter basis. Experimental data
were assessed using STATISTICA software, version 12.0 (StatSoft,
Inc., Tulsa, Oklahoma, USA). Analysis of variance was carried out
using one-way ANOVA test. Multiple comparisons (post-hoc tests)
were calculated using an LSD test at the significance level of
p < 0.05. The values were expressed as means of number
determinations + standard error of the mean (SE) and are shown in
Tables 1 and 2.

3. Results and discussion

The composition of native and extruded barley flours is shown
in Table 1. Statistically significant differences appeared in compo-
sition of native and extruded barley flours particularly among in-
dividual barley cultivars (Table 1). The ratio of starch:total dietary
fibre:protein was 1.00:0.32:0.27 in native barley flour and
1.00:0.29:0.28 in extruded barley flour of AF Cesar, whereas in
KM 2624 it was 1.00:0.24:0.19 in native flour and 1.00:0.26:0.21 in
extruded flour.

The differences in BG content between native and extruded
barley flours varied from about 0.03% (KM 2460-1, new waxy barley
line with high BG content) to 0.46% (AF Lucius, standard BG
cultivar). The increase in BG was significant only in cultivars with
standard starch composition after extrusion. Therefore, the BG
content differed not significantly in waxy lines. These changes are
probably related to the different proportion of amylopectin in
standard and waxy lines. Sharma and Gujral (2013) reported that
the extrusion process did not have any significant effect on the total
BG content.

Although AF Cesar is a cultivar with a standard starch compo-
sition, its BG content was comparable to that of waxy line KM 2624
in both native and extruded flours (Table 1).

The physico-chemical properties of BG (e.g. solubility, viscosity,
chain length and molar mass), which influence the physiological
effects of BG, can be changed during grain processing and also by
the extrusion process. Therefore, the molar mass distribution of
water-extractable BG in extracts from native and extruded barley
flours was determined and compared. Sharma and Gujral (2013)

Table 1
Composition of native and extruded barley flours (values are expressed in % d.m.).
Nutrient/Barley/Flour AF Cesar AF Lucius KM 2624 KM 2460-1 KM 2460-2
Starch F° 60.48 + 0.45a¢ 64.35 + 1.18bc 65.57 + 0.37¢ 64.47 + 0.81bc 63.15 + 0.37b
E° 59.21 + 0.23a 63.09 + 1.40b 64.88 + 0.33b 64.21 + 0.63b 63.86 + 0.36b
Protein F 16.24 + 0.45b 13.67 + 0.89a 12.56 + 0.45a 14.15 + 0.44a 13.96 + 0.39a
E 16.73 + 0.20b 14.64 + 091a 13.51 + 0.48a 14.29 + 0.56a 14.49 + 0.50a
B-glucan F 6.07 + 0.08b 4,67 + 0.08a 6.17 + 0.26b 7.93 + 0.18c 8.03 + 0.21c
E 6.33 + 0.06b 5.13 + 0.14a“ 6.53 + 0.12b 7.90 + 0.04c 8.23 + 0.02d
Arabinoxylan F 4.14 + 0.53a 3.64 + 0.39a 3.35+0.28a 3.09 + 0.35a 3.09 + 0.29a
E 4.48 + 0.55b 3.86 + 0.40ab 3.67 + 0.32ab 3.11 +0.29a 3.55 + 0.20ab
Free fat F 2.84 + 0.04bc? 2.67 + 0.07ab? 2.63 + 0.10ab? 2.93 + 0.12c¢ 2.46 + 0.02a"
E 1.69 + 0.34a 1.25 +0.12a 1.21 £ 0.17a 1.38 +0.15a 1.66 + 0.15a
Crude fibre F 1.15 + 0.03a¢ 1.08 + 0.02a 0.99 + 0.01a 1.02 + 0.07a 1.04 + 0.03a
E 0.91 + 0.09a 097 +0.11a 1.02 + 0.06a 0.86 + 0.07a 0.98 + 0.06a
Moisture (%) F 9.52 + 0.22a¢ 9.46 + 0.24a“ 9.52 + 0.23a“ 9.37 + 0.26a“ 9.34 + 0.28a°
E 7.29 + 0.09a 7.60 + 0.09a 7.76 + 0.13a 8.06 + 0.07a 0.98 + 0.10a
2 F - native flour.
b E - extruded flour.
€ Mean value + standard error. Different letters in the same line show significant difference among experimental barley materials (p < 0.05).
4 Mean value for native/extruded flour is significantly different (p < 0.05) from the other within a given nutrient and cultivar/line of barley.
Table 2
Dietary fibre content in native and extruded barley flours (values are expressed in % d.m.).
Nutrient/Barley/ AF Cesar AF Lucius KM 2624 KM 2460-1 KM 2460-2
Flour
IDF F 10.00 + 0.34d 9.05 + 0.16¢ 7.94 + 0.35b¢ 7.05 + 0.18a¢ 7.32 £ 0.27ab
E® 8.78 + 0.43b 8.82 + 0.24b 7.04 + 0.20a 6.11 + 0.21a 7.02 + 0.53a
SDF F 6.80 + 0.61ab 6.14 + 0.16a 7.42 + 0.15bc 8.38 + 0.43cd 9.30 + 0.15d
E 8.17 + 0.05b¢ 6.81 + 0.10a“ 7.85 +0.11b 9.73 + 0.20d 9.30 + 0.12¢
TDF F 18.14 + 0.60c¢ 1535 +0.31a 16.34 + 0.25 ab 16.83 + 0.43b 17.42 + 0.36bc
E 16.71 + 0.23bc 15.19 + 0.37a 16.17 + 0.31b 16.26 + 0.26bc 17.11 + 0.30c

a
b

F - native flour.
E - extruded flour.

€ Mean value + standard error. Different letters in same line show significant difference among experimental barley materials (p < 0.05).

d

Mean value for native/extruded flour is significantly different (p < 0.05) from the other within a given nutrient and cultivar/line of barley.
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Fig. 2. Comparison of mean molar masses distribution of water-extractable BG of native and extruded barley flour. (a) standard barley AF Cesar; (b) standard barley AF Lucius; (c)

waxy barley KM 2460-2; (d) waxy barley KM 2624.

have shown that the BG extractability increased after extrusion or
roasting of barley or oat. It was shown, that BG extractability is
affected by water addition to the dough during extrusion. Higher
extractability of BG was achieved with higher water addition (20%)
during extrusion. On the contrary, the higher temperature had
negligible effect on the BG extractability. Andersson et al. (2004)
and Gujral et al. (2011) reported, that increased BG extractability
after heat treatment may be due to the release of BG from other
complex cellular components. Extractability of BG depends also on
the extraction agent and decreased in the order of NaOH, H,0 and
Na,COs. A true increase in BG extractability due to extrusion was
not observed, but in contrast, a large decrease was observed (from
80% to 30%). It might be caused by the usage of water as an
extraction agent.

During extrusion a shift and increase of Mw of BG was deter-
mined in the extracts of barley flours. Sibakov et al. (2013)
described, that in dry processed foods, such as pasta, muffins or
extruded flakes, the molar masses of BG were higher. It is well
known and verified, that BG with higher molar mass exhibit better
health and nutritional effects to the maintenance of normal blood
cholesterol levels and to the reduction of blood glucose rises after
consumption of BG (Wood, 2007). However, BG with a smaller
molar mass exhibited better prebiotic effects in the intestine (Arora
et al., 2012; Barsanti et al., 2011). The molar mass of the water-
extractable BG increased independently of the barley variety after
extrusion (Fig. 2). The Mw value of the BG was in the range of about
10° g/mol in all barley flours. In general, waxy barley has a slightly
higher Mw than barley flour with standard starch composition. It
was evident that the Mw of BG increased after extrusion from
approx. 10°—10° g/mol in barley with standard starch compositions
(Fig. 2a, b) and even up to 10%° g/mol in waxy barley (Fig. 2c, d).

Vasanthan et al. (2002b) reported a higher BG content than SDF
content in two analysed native barley flours. In this study the
higher SDF than BG content was determined in all analyzed Czech
barley native and extruded flours. The higher content of SDF could
be due to the presence of the soluble part of AX, or the other soluble
components of dietary fibre e.g. the soluble part of hemicelluloses,
fructans etc.

The AX content in native barley flours ranged from 3.09% (KM
2460-1 and KM 2460-2) to 4.14% (AF Cesar). The lower content of
AXin hulled barley could be due to abrasion of hulls along with part
of the aleurone layer (higher AX concentration). No statistically
significant differences were observed between the AX content in
native and extruded flours (Table 1).

Dietary fibre content was measured by means of an enzymatic-
gravimetric procedure and presented as an insoluble and soluble
part of fibre, and also the total dietary fibre, which was determined
separately. Tiwari and Cummins (2009) reported that the fibre
content and its physicochemical properties after extrusion depend
on raw material, composition, and the process parameters. The
mean results of dietary fibre content in standard and waxy types of
barley are shown in Table 2. The content of insoluble dietary fibre in
native barley flours varied from 7.05% to 10.00% in KM 2460-1 and
AF Cesar, respectively. After extrusion, the IDF content decreased in
all analysed flours. A significant decrease of IDF was observed in
waxy lines KM 2426 and KM 2460-1, while a distinguished decrease
of IDF was not found in waxy line KM 2460-2 (Table 2). The SDF
content increased significantly only in genotypes with a standard
starch composition (AF Cesar, AF Lucius) after extrusion. This was in
agreement with higher BG content after extrusion in these culti-
vars. The SDF increase was about 1.37% and 0.67% after extrusion in
AF Cesar and AF Lucius, respectively. The increase of SDF after
extrusion is consistent with the results of Vasanthan et al. (2002b).
Authors reported that the transformation of some IDF into SDF
during extrusion and the formation of additional SDF, were caused
by transglycosidation.

TDF content in native barley flours ranged from 15.35% in AF
Lucius to 18.14% in AF Cesar. After extrusion the TDF content in AF
Lucius was the lowest (15.19%), however the highest TDF content
was determined in KM 2460-2 (17.11%). The results obtained in this
study are in agreement with those of the work of Sobota et al.
(2010). These authors also reported a decrease in TDF and IDF
contents, while the SDF content was increased in corn-wheat
extruded flours. After extrusion, a significant decrease in crude
fibre content was determined in AF Cesar. The results between
native and extruded flours from other varieties, however, did not
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change significantly.

The microstructures of native and extruded barley flours were
characterized by SEM (Fig. 3). There were observed big round starch
granules of native flour, small lighting points (minerals), and some
fibres (most likely dietary fibre, or some of its compounds). Partially
damaged starch granules appeared in the native barley flour of AF
Cesar (Fig. 3a). This damage can be caused during the milling
process (bigger damaged starch granules) or by higher enzyme
activity in native flour (smaller damaged starch granules). Signifi-
cant differences were observed in the structure of the native flour
(Fig. 3a, ¢, e, g, i) and extruded flour (Fig. 3b, d, f, h, j). The extruded
flour was in a glassy state. It exhibited a compact structure con-
sisting of partly gelatinized starch, partly denatured protein, and
rearrangement of the fibre components.

The degree of starch gelatinization and changes of the physico-
chemical properties of other components, which occur during the
extrusion process, were verified by RVA™ (Fig. 4). Native flour from
waxy lines had higher peak viscosity than those from cultivars with
a standard starch composition. The higher peak viscosity in
extruded flour (when compared with native flour) was determined
in standard barley cultivars (AF Lucius and AF Cesar). Nevertheless,
the hot peak viscosity of native flours was twice as high as that in
extruded flours of all waxy varieties.

Cold peak viscosity indicates the formation of transitional
products, which were created as a result of thermal and mechanical
stress. The cold peak viscosity of raw materials was very low.
Conversion products are characterized by viscosity-peaks shifted to
a lower temperature. The swelling partly gelatinized starch after
extrusion in cold water indicates already swollen starch granules or
cold water-soluble components e.g. damaged starch granules, non-
starch polysaccharides, granule fragments and other released
polymers (Elliott et al., 2015).

A pronounced cold peak viscosity was determined in extruded
flours of AF Cesar and AF Lucius. High cold viscosity and broadness
of the viscosity peak in cultivars with standard starch composition
reveal that the starch after extrusion was more gelatinized than in
waxy lines. There is a higher amylopectin content in waxy lines
than in cultivars with standard starch composition. Amylopectin
has a more arranged structure than amylose and therefore waxy
lines show different pasting properties than cultivars with standard
starch compositions. Significantly higher cold viscosity in AF Cesar
and AF Lucius after extrusion was not caused only by larger starch
gelatinization, but the role of soluble non-starch polysaccharides
can be assumed. This statement is consistent with the significantly
higher BG and SDF content, determined after extrusion, only in
these two cultivars.

Cold viscosity is usually related to the setback viscosity. Elliott
et al. (2015) reported lower hot and setback viscosity with an
attended increase in cold viscosity for extruded flour in relation to
native flour. In this study the lower hot and setback viscosity was
confirmed only in waxy lines. Hot peak viscosity was higher in
extruded flour than in native flour in cultivars with standard starch
composition, and setback viscosity declined imperceptible.

4. Conclusion

In this study, the effects of extrusion on dietary fibre compo-
nents in different Czech barley cultivars and new breeding lines

Fig. 3. Scanning electron micrographs (a) standard barley AF Cesar native flour; (b)
standard barley AF Cesar extruded flour; (c) standard barley AF Lucius native flour; (d)
standard barley AF Lucius extruded flour; (e) waxy barley KM 2624 native flour; (f)
waxy barley KM 2624 extruded flour; (g) waxy barley KM 2460-1 native flour; (h)
waxy barley KM 2460-1 extruded flour; (i) waxy barley KM 2460-2 native flour; (j)
waxy barley KM 2460-2 extruded flour.
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were investigated. Significant changes in content and also in
physico-chemical properties of barley fibre components were
determined. The content of BG and SDF increased significantly after
extrusion in barley flour with standard starch composition.
Whereas the content of IDF decreased distinctly in two extruded
waxy barley flour, an insignificant change in TDF and crude fibre
content in all barley materials was observed.

The increase of mean molar mass of soluble BG was determined
independently on a barley genotype (standard and waxy type of
barley) after extrusion. However, AF Lucius, with the lowest content
of total BG, showed a significant increase of mean molar mass of
extractable BG during extrusion. It can be concluded that extrusion
is a process that is able to modify the physico-chemical properties
of BGs. This may have a positive influence on their health effects,
especially in barley genotypes similar to AF Lucius cultivar (e.g. AF
Cesar).

A pronounced cold peak viscosity determined in extruded flours
of AF Cesar and AF Lucius showed formation of transitional prod-
ucts which were created especially from starch and water soluble
non-starch polysaccharides as a result of thermal and mechanical
stress.
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Introduction

Cereal beta-glucans are structural non-starch, linear, partially water-soluble polysaccharides and they are a major
component of the soluble dietary fiber. In general, cereal beta-glucans are also called f-(1—3)(1—4)-D-glucans or mixed
linkage beta-glucans'. Beta-glucans influence the nutritional values and functional properties of food>*. Barley is the most
important source of beta-glucans from cereals. Beta-glucans are present in the aleurone layer of barley grain (about 25 %
from the total amount of beta-glucans in grain) and in the endosperm (70-75 % from the total amount of beta-glucans in
grain) as one of the basic components of the cell wall’. Beta-glucans content ranges from 2.5 to 12.0 % in dm. of barley
grain. In the Czech Republic’, there are the new barley hulless varieties which can contain higher amount of beta-glucans
(4.5-6.8 %).

Barley beta-glucans usually contain more than 1,000 glucose units™®. Molecular weight of barley beta-glucans ranges
from 130 kg/mol to 2,500 kg/mol. Cereal beta-glucans usually contain about 70 % of residues with B-(1—4) and about 30 %
B-(1—3) residues. The solubility and viscosity of cereal beta-glucans depend on their origin, structure, concentration in
solution, and the number of f-(1—3) linkages in the molecule. The beta-glucans solubility in aqueous solutions increases, if
there is a higher number of f-(1—3) linkages in the molecule of beta-glucans. More effective physiological effect in the
human organism (the maintenance of normal glucose level and blood cholesterol level; the acting as prebiotics) and the
beneficial rheological properties in the bread making can be expected in more soluble beta-glucans.

Therefore, it is necessary to identify and compare the structure of water-extractable beta-glucans as a parameter for the
selection of cereal varieties with significant nutritional effects. Isolation techniques of beta-glucans from barley have been
evaluated by several authors®°. Temperature, pH, extraction time, particle size of material, mixing rate, and solvent/flour
ration are critical parameters affecting the extraction process of beta-glucans. Results from several studies suggest that
temperature and pH have a significant effect on the extraction and physical, chemical and functional properties of extracted
beta-glucans. The extracted beta-glucans were characterized by chemical and rheological analysis, thermal, infrared
spectroscopy, AFM (Atomic Force Microscopy) and SEM (Scanning Electron Microscopy)”'* 2.

Beta-glucans have a number of positive physiological effects in the human body. Permitted health impacts of barley
fiber and barley beta-glucans are shown in COMMISION REGULATION (EU) No 432/2012 (“Barley grain fiber contributes
to an increase in faecal bulk. Beta-glucans contribute to the maintenance of normal blood cholesterol levels. Consumption of
beta-glucans from oats or barley as part of a meal contributes to the reduction of the blood glucose rise after that meal.”)"?

The present study was focused to the partial characterization of beta-glucans extracted from a new genetic waxy variety
of Czech spring hulless barley specially intended for cereal purposes. Barley grain was milled to wholemeal flour. Extraction
of water-soluble beta-glucans from wholemeal barley flour was performed. The suggested extraction process of water-soluble
beta-glucans was optimized. Sugar composition by GC/FID, FT-IR and FT Raman spectra, and molecular weight by GPC
were determined at extracts of beta-glucans. Microstructure by SEM was compared among extracted beta-glucans,
commercial beta-glucans and wholemeal barley flour.

Materials and methods

The analyzed barley wholemeal flour of waxy variety KM2551-389 was delivered by the research institute Agrotest
Fyto, Ltd. (Krométiz, Czech Republic). Particle size of wholemeal flour was 500 pm. The beta-glucans content was 6.3 % in
dm. of flour, the beta-glucans were determined by Megazyme -Glucan Assay Kit Mixed Linkage (AACC 32-23).

For barley beta-glucans extraction, the method described by Ahmad® and adapted by internal laboratory procedures with
a few modifications. The beta-glucans extraction from barley flour was based on duplicate analysis and the amount of
wholemeal barley flour was 150 g for extraction. The conditions of beta-glucans extraction and purification are show in Fig.
1.

FT-IR spectra (a spectral region of 400-4000 cm™') of purified extracted fractions were recorded in KBr pellets by
Nicolet 6700 FT-IR spectrometer (ThermoScientific, USA); 64 scans were accumulated with a spectral resolution of 2.0 cm™
' FT Raman spectra of the fractions were measured on Nicolet iS50 with FT Raman module (ThermoScientific, USA). The
spectra were smoothed and baseline corrected using Omnic 8.0 and 9.0 (ThermoScientific, USA). Finally all the spectra were
exported in ASCII format to Origin 6.0 (Microcal Origin, USA) software for preparation of final graphs.

Extracted beta-glucans, commercial beta-glucans (SANACEL beta G, supplied by DONAUCHEM, Czech Republic)
and wholemeal barley flour were fixed to stubs with carbon tape and covered with a layer of gold of 0.5 nm each in a sputter
coater. The visualization and photography of microstructure of the beta-glucans and flour were performed using a VEGA3
LMU electron microscope (TESCAN, Czech Republic), with tungsten cathode, BSE detector and an acceleration voltage of
10 kV.

The molecular weight of extracted beta-glucans was determined by gel permeation chromatography (GPC). Separation
was performed using a pump Deltachrom SDS 030 (Watrex, Czech Republic), a guard column 50x7.5 mm PL aquagel-OH
(Polymer laboratories Ltd., USA), analytical columns 3xPL aquagel-60, particle size 8 um, 300x7.5 mm (Polymer
laboratories Ltd., USA), refractive index detector Shodex RI 71 (Showa Denko, Germany). Elution was isocratic at a rate of
0.8 mL/min, phosphate buffer (c= 0.01mol/L, pH=7) and sodium nitrate aqueous solution (¢=0.2 mol/L) were used as the
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eluents. Program Clarity version 2.4.187 was used for evaluation of data. The average molecular weights were calibrated
using dextran standards (10, 40, 70 250, 500 and 2,000 kg/mol) from Pharmacia Ltd. (Sweden). Results were reported as
weight average molecular weights (MW).

Chemical analysis of extracted beta-glucans was performed by neutral sugars analysis. Sugars were released by acid
hydrolysis in 72% H,SO, and analyzed as alditol acetates by GC/FID using a Shimadzu GC2010 (Japan) equipped with 30 m
capillary column DB-225 with internal diameter 0.25 mm and film thickness 0.15 pm. The temperatures of injector and
detector were, respectively, 220 °C and 230 °C. The oven temperature program was following: 200 °C for 1 min, then
increase to 220 °C (40 °C/min), hold at a temperature 220 °C for 7 min, then increase to 230 °C (20 °C/min) until, final
temperature 230 °C for 1 min, total time 9 min.

wholemeal barley flour precipitation
(4 vol - 96% ethanol)
! I
| washing with hexane I | filtration
| |
multiple extracting washing of precipitasted BG
with 96% ethanol (80%, 96% ethanol, acetonse)
| I
multiple extracting enzymatic treatment
with boiling water (a-amylase, 40°C;12 hrs;
(5 days after 8 hrs) pullulmase 42°C, 12 hrs);
enzyme inactivation
| (80°C, 20 min)
aqueous extract l
of BG precipitation
[Coppex(I) chloride dehydrate]
|
| filtration
|
wazhing with 80%6, 96% ethanol,
and acetone
|
centrifugation
(10,000 rpm, 10 min)

P ™
supematant of precipitate of
extracted BG extracted BG

|  ovimgonawr |

Fig. 1. Extraction and purification of beta-glucans from wholemeal barley flour

Results and discussion

On the basis of the proposed extraction and purification procedure two main fractions of extracted beta-glucans,
precipitate (P) and supernatant (S) were obtained. Purity of both fractions of extracted purified beta-glucans was about 85 %.
By comparison of the FT-IR spectra of B-glucans with standards, it was found that there are no residues of starch and
proteins. The presence of other components in beta-glucans extracts was confirmed by sugar analysis (GC/FID) and FT-IR.
The amount of impurities in beta-glucans extracts was about 10 %, apparently they were arabinoxylans. Monosaccharide
analysis using GC/FID showed that the precipitate and supernatant of extracted beta-glucans contained mainly glucose
(90 %) and also arabinose and xylose as minor sugars. Arabinose and xylose were derived from the present arabinoxylans. It
means that it is necessary to extend the purification steps (e.g. to repeat dialysis and add xylanase treatments) and to remove
of arabinoxylans by alkali solution for the future analyses. The presence of arabinoxylans was verified by FT-IR and by sugar
analysis on GC/FID.

It was found that the precipitate showed higher average molecular weight (MW=680 kg/mol) than supernatant
(MW=510 kg/mol). Johansson’ reported that molecular weight of water-soluble barley beta-glucans which were extracted
from normal whole grain was about 470 kg/mol. Molecular weight of extracted beta-glucans depends on initial cereal
material, and also on the extraction conditions and method of determination of MW (column and detector type, standard
dextran or pullulan etc.)>'*'*,
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The infrared spectra of extracted beta-glucans are shown in Fig. 2a and 2b and Fig. 3. Spectra of precipitate and
supernatant did not show significant differences.
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Fig. 2. Infrared spectra of extracted beta-glucans
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Fig. 3. Infrared spectra of extracted beta-glucans in comparison with standard of barley beta-glucans

Infrared spectroscopy is suitable to measure molecular vibrations of covalent bonds. Figures 2 and 3 compared the
extracted beta-glucans [supernatant (S), precipitate (P)] with arabinoxylans to prove the minor impurities, and with
commercial beta-glucan to confirm the main structure of extracted beta-glucans. Specific bands that characterize normal
vibrational asymmetric and symmetric stretching of OH groups were at wavenumbers 3404 cm ™' (for S) and 3414 cm ™' (for
P). The absorptions at 2920 cm™' (for S) and 2918 cm™ (for P) belong to asymmetric and symmetric stretches of CH groups.
The region 1285-242 cm ' with maximum peak at 1072 cm™' was assigned to COC and CO bonds. B-glycosidic anomeric
bonds were determined at 896 cm™' for supernatant and precipitate. The obtained data were consistent with those reported by
Limberger-Bayer’. The presence of minor impurity with arabinoxylans was also confirmed by neutral sugar analysis
(GC/FID).

The morphology of precipitate and supernatant of extracted beta-glucans was significantly different. Precipitate showed
a fluffy (airy), porous and spongy appearance with larger homogenous clusters while supernatant had a rigid and glassy
structure (Fig. 4). Microstructure of commercial beta-glucans was similar to that of precipitate. Commercial beta-glucans
contained significant content of starch (rounded particles) and matrix with proteins and fiber. It was confirmed that the
commercial beta-glucans (SANACEL G, purity 54 %) showed the presence of starch and protein (data based on company
documentation). Commercial beta-glucans had an irregular particles and visible traces of cell wall structure. The differences
between precipitate and commercial beta-glucans were observed in particle size distribution. The results were consistent with
those of Johansson’. The structural differences between the beta-glucans could be probably a consequence of the extraction
method used and the subsequent treatment, mainly the final drying and milling steps.

Vasanthan and Temelli'® also showed a microstructure with similar characteristics to that obtained in this work for beta-
glucans extracted by an alkaline aqueous method.

Wholemeal barley flour contained visible flakes and flattened and slightly damaged starch grains.
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Precipitate of extracted BG

Supernatant of extracted BG

Supernatant of extracted BG
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Commercial BG Commercial BG ‘ Wholemeal barley flour . Wholemeal barley flour

Fig. 4. Scanning electron micrographs of extracted beta-glucans (BG) (precipitate and supernatant); commercial barley beta-
glucans; original wholemeal barley flour

Conclusion

Czech hulless waxy barley KM 2551-389 was a new breeding variety for special food processing (especially cereal
technology). The barley showed high content of beta-glucans and fiber. There is a need to increase the consumption of barley
related products in human nutrition through analysis and development of products with an added value.

Beta-glucans in wholemeal flour produced from waxy barley were extracted and partially characterized. The fractions
of extracted beta-glucans showed a presence of minor level of arabinoxylans. It is necessary to pay attention to alkali steps in
extraction procedure and enzymatic treatments in the future. Both fractions of extracted beta-glucans had higher molecular
weights as compared to those in literature. Higher functionality of the extracted beta-glucans in nutrition and technology
could be expected.

Financial support for this research was provided from the specific university research (MSMT No 21-SVV/2018) and
the Ministry of Agriculture of the Czech Republic (project QJ1610202).
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Abstrakt

Po chemické strance termin beta-glukan oznacuje po-
mérné Sirokou skupinu latek, ktera se li§i strukturou,
fyzikalné-chemickymi vliastnostmi a zdravotnim Géinkem
na organismus Clovéka i zvifat. Beta-glukany jsou ne-
Skrobové, necelulosové polysacharidy, které se vyskytuji
v bunéénych sténach obilovin, hub, kvasinek, fas a bak-
terii. Molekula beta-glukanu je tvofena glukosovymi jed-
notkami spojenymi mezi sebou B-glykosidovou vazbou.
Struktura beta-glukant obilovin a tim i jejich funkce je
odliSna od beta-glukant hub, kvasinek a fas. Pouze pro
beta-glukany obilovin byla povolena zdravotni tvrzeni
(Nafizeni komise EU €. 432/2012). Prospésné fyziologické
G¢inky konzumace obilnych beta-glukant jako soudasti jid-
la spoéivaji v udrzeni normalni hladiny cholesterolu v krvi
a v omezeni nardstu hladiny glukosy v krvi po tomto jidle.
Pfedpokladané zdravotni Gc¢inky beta-glukanl z jinych
zdrojl nez z obilovin jsou odvozovany z jejich struktury
a chovéni. Prozatim nebyla schvélena pro beta-glukany
hub, kvasinek a fas zadna zdravotni tvrzeni.

Uvod

Pokud hovofime o beta-glukanech, jejich strukture,
vlastnostech, biologické aktivité a potencialnich
zdravotnich Gcincich je potfeba specifikovat o jaky
typ a druh beta-glukanu se konkrétné jedna. Obecné
jiz samotny termin ,beta-glukan“ neni vhodné
zvolen. Z chemického hlediska je ,beta-glukanem*
jakakoli sloucenina slozend z glukosovych jednotek
navzajem spojenych B-glykosidovymi vazbami.
NejznamgjSim a v pfirodé nejvice rozsifenym
.beta-glukanem” je celulosa. Celulosa je ve vodé
nerozpustny, vysokomolekularni linearni polymer
d-glukosovych jednotek vazanych glykosidovymi
vazbami 3 -(1—4). Celulosa je zakladnim strukturnim
polysacharidem bunéénych stén vyssich rostlin [1].

Slouceniny nazyvané beta-glukany (B-glukany)
v daném kontextu chapeme jako strukturni (sta-
vebni), neskrobové a necelulosové polysacharidy,
které mohou byt ve vodé ¢aste¢né rozpustné, bobt-
navé, schopné zvysSovat viskozitu roztoku a mohou
vykazovat fadu pozitivnich fyziologickych Ggink
v lidském organismu. B-glukany jsou z&asti roz-

pustnou a ¢aste¢né nerozpustnou vidkninou, patfi
do skupiny hemicelulos, konkrétné heteroglukanu.
B-glukany mohou byt nevétvené (linearni), nebo
vétvené polysacharidy. Podle typu glykosidové
vazby rozliSujeme vedle B-glukant také a-glukany.
Jedna se zejména o skupinu glukant z hub, kde
jsou glukosové jednotky spojeny vazbami a-(1—3),
o-(1—4) nebo a-(1—6), nebo jejich kombinacemi
[2, 3, 4].

Polysacharidy nazyvané B-glukany, také p-(1—3),
(1—4)-d-glukany, nebo B-glukany se smisenymi vaz-
bami jsou sloZkou bunéénych stén vyssich rostlin a se-
men (obilek) nékterych obilovin [1]. Na rozdil od ovsa,
kde jsou B-glukany rozmistény zejména ve vnéjsich
vrstvach endospermu [5], v zrné je¢mene jsou B-glu-
kany pfitomny jak v aleuronové vrstvé (25-26 %), tak
i v.endospermu (70-75 %), jako jedna ze zakladnich
sloZek bunéénych stén [6].

Pfibuzné polymery, které se rovnéz nazyvaji p-glu-
kany nebo B-(1—3), (1—6)-d-glukany, jsou syntetizova-
ny vysSimi houbami, plisnémi a kvasinkami a nachazi
se také v mofskych fasach. B-glukany tedy slouzi jako
stavebni jednotky bunéénych stén rostlin, fas, hub
a kvasinek, a vyplriuji prostory mezi celulosovymi
vlakny [1].

B-glukany mohou byt izolovany rdznymi postupy
z rostlinnych nebo mikrobialnich zdroj. B-glukany
z rozdilnych zdroju se lisi svymi fyziké&lné-chemicky-
mi vlastnostmi, jako jsou struktura molekuly, vétveni
fetézce, typ a pocCet vazeb v molekule, molekulova
hmotnost, rozpustnost, vaznost vody, viskozita apod.
S témito vlastnostmi, s ptivodem a Cistotou izolova-
nych B-glukand souvisi také odli§na biologicka akti-
vita a jejich potenciélni zdravotni Gcinky. Izolované
frakce B-glukand jsou vyznamnymi dopliiky stravy
a tvofi sou¢ést fady farmaceutickych a kosmetickych
pfipravk( [4]. ‘

Nékteré B-glukany maji schopnost podporovat
imunitni reakce v organismu, a proto se fadi mezi
tzv. imunostimulatory (biostimulatory). Jiné B-glukany
se podileji na udrzeni normalni hladiny cholesterolu
a glukosy v krvi po jidle apod.



O vétsiné p-glukant a zejména o jejich chovani
v lidském téle véak nemame stale dostate¢né in-
formace.

Obilné beta-glukany - zdroje a struktura

Nejvyznamnéj$im zdrojem B-glukant obilovin je
je¢émen, kde se obsah B-glukani pohybuje mezi
2.5-11,3 % (hmotnostni procenta v susiné zrna).
V porovnani s jeémenem mé oves obsah f-gluka-
nd niz&i (do 8 %). V ostatnich obilovinach zejména
v péenici a zité jsou p-glukany zastoupeny v niz-
&im mnozstvi, uvadi se kolem 2% a méné [6, 7].
Sladovnické odrudy je¢mene (vétSinou pluchaté
odrudy) vykazuji niz8i obsahy B-glukanl nez cile-
né &lechténé odridy (vétsinou bezpluché odrudy).
Mezi specialni odridy jeémene vyslechténé pro
potravinafské vyuziti patfi napf. némecka odriida
betaBarley® [8], ¢eské odridy AF Lucius® a AF
Cesar®, které maji vyssi obsahy B-glukanu (od 4,5
do 6,8 % v susiné zrna) [9].

Obsah B-glukand v obilovinach zavisi na dané
obiloviné a jeji odriidé, péstebnich a klimatickych
podminkéach. Vy$si obsahy B-glukant byly nalezeny
u odriid s anomalni skladbou $krobu (voskovy - waxy,
s vysokym obsahem amylopektinu nebo vysoko-
amylosovy, s vysokym obsahem amylosy), u obilovin
péstovanych v extrémnich podminkach (sucho, tep-
lo) anebo u nékterych ozimych odrid je¢mene [10].
Obsah B-glukant souvisi i s obsahem Skrobu v zrnu.
U odriid s celkovym obsahem $krobu niz8im nez 40 %
byly naméfeny vysoké obsahy p-glukant (v rozmezi
10-20 %).

B-glukany se nachazi v buné¢né sténé endospermu
(az 75% z celkového obsahu B-glukant) a v mensi mite
pak v aleuronové vrstvé (kolem 25%) [8, 10]. Rozlozeni
B-glukand v obilném zrnu zavisi na jejich celkovem
mnozstvi. Bylo zji$téno, Ze u je¢mene s nizkym obsa-
hem B-glukan( se jich nejvice nachazi v aleuronové
vrstvé, zatimco u jeémene s prdmérnym obsahem
B-glukan( se jich vice vyskytuje v bunéenych sténach
endospermu [10].

V obilnych p-glukanech jsou molekuly glukosy
spojeny vazbami p-(1—3)-(1—4) do linearniho fetéz-
ce, ktery miize obsahovat az 250 000 glukosovych
jednotek.

Obilné B-glukany obvykle obsahuji kolem 70 %
rezidui s vazbou p-(1—4) a kolem 30 % rezidui s vaz-
bou B-(1—3). Useky glukos (vétsinou 2-3 jednotky)
s vazbou B-(1—4) jsou propojeny jednou glukosovou
jednotkou s vazbou B-(1—3). Takto strukturné podobné
B-glukany se v jednotlivych obilovinach li§i v poméru
triosylovych a tetraosylovych jednotek. Pro B-glukany
je¢mene se tak udava pomér jednotek priblizné 1:3
[11] a pro B-glukany ovsa 1:2 [12] [pozn. pomér 1:3
pro jeémen znamena téméf trojnasobnou prevahu
jednotek s vazbami -(1—4) nad jednotkami spojenych
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vazbami B-(1—3)]. V pfipadé pseni¢nych B-glukant je
pomé&r 1:4 [13]. Z toho vyplyva (a bylo také chemickou
strukturni analyzou potvrzeno), ze pSenicné p-glukany
majf niz&i pocet vazeb B-(1—3), pravidelngjsi strukturu,
niz&i rozpustnost a odli$né chovani (viskozita, tvorba
gelu apod.) nez je¢né a ovesne B-glukany.

Obilné beta-glukany — vlastnosti

Jako jiz bylo uvedeno, rozpustnost obilnych B-glu-
kanU zavisi na jejich puvodu, struktufe a na poctu
B-(1—3) vazeb v molekule. Rozpustnost ve vodé klesa
v poradi oves > je¢men > pSenice. S vyssi poctem
B-(1—3) jednotek se tedy rozpustnost B-glukanu zvy-
&uje [1]. Uvadi se, Ze u je¢mene je asi 20 % B-glukand
a u ovsa az 80 % B-glukanti rozpustnych ve vode pfi
teploté 40 °C [9].

Viskozita a reologické chovani p-glukani v rozto-
ku jsou ovlivnény usporadanim (konformaci) jejich
Fetézcu, molekulovou hmotnosti a koncentraci.
Molekulova hmotnost p-glukan(i se pohybuje v Si-
rokém rozsahu od desitek do tisicl kDa. S vyssi
molekulovou hmotnosti B-glukant se zvySuje
viskozita roztoku. B-glukany s vysokou molekulovou
hmotnosti (tisice kDa) ve vodé bobtnaji a vytvari
viskézni roztoky. B-glukany s niz8i molekulovou
hmotnosti (jednotky kDa,) mohou tvofit tzv. mékké
gely. V porovnani s je¢nymi nebo ovesnymi p-gluka-
ny jsou p$eni¢né B-glukany v roztoku méné stabilni
a vytvari gely. Tvorba viskéznich roztoki a filmu je
nezadouci p¥i vyrobé piva, proto se ve sladovnictvi
pouzivaji vyhradné je¢émeny s nizkym obsahem
B-glukanii [7]. Obdobné i pro zpracovani jeCmene
na bioetanol se zkoumaiji a $lechti nové typy jec-
mene s minimalnim obsahem téchto polysacharidd
[6]. V ostatnich odvétvich potravinafského prumyslu
ovliviiuji B-glukany zejména konzistenci vyrobku
a mohou byt vyuZivany jako plnidla, stabilizatory,
zahusfovadla, nahrady tuku, jako prostfedek k pro-
dlouzeni trvanlivosti vyrobku a zpomaleni procesu
starnuti, snizuji energetickou a zvysuji vyzivovou
hodnotu potravin. Jak jiz bylo zminéno, B-glukany
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jsou soucasti doplnkl stravy a fady kosmetickych
produktu [14].

Obilné beta-glukany — zdravotni u€inky

V nafizeni EU ¢. 432/2012 jsou uvedena dvé zdra-
votni tvrzeni tykajici se G¢inkd obilnych B-glukant:

1) ,B-glukany pfispivaji k udrzeni normalni hladiny
cholesterolu v krvi.“ Toto tvrzeni smi byt pouzito pou-
ze u potravin, které obsahuji nejméné 1g p-glukant
z ovsa, ovesnych otrub, jeCmene, jeCnych otrub nebo
ze smési téchto zdroju v kvantifikované porci. Aby
bylo mozné tvrzeni pouzit, musi byt spotfebitel infor-
movan, Ze pfiznivého Uginku se dosahne pfi pfivodu
39 B-glukanl denné.

2) ,Konzumace B-glukanl z ovsa nebo je€mene jakoz-
to soucasti jidla pfispiva k omezeni nartstu hladiny glu-
kosy v krvi po tomto jidle.” Tvrzeni smi byt pouZito pouze
u potravin, které obsahuiji nejméné 4g B-glukand z ovsa
nebo jemene na kazdych 309 vyuzitelnych sacharid
v kvantifikované porci jakozto soucasti jidla. Aby bylo
mozné tvrzeni pouzit, musi byt spotfebitel informovan,
Ze priznivého Ucinku se dosahne konzumaci pB-glukant
z ovsa nebo je¢mene jakozto soucasti jidla [15].

Plsobeni B-glukan spociva ve zpomaleni vstfe-
bavani glukosy, ve snizeni koncentrace postprandial-
ni glukosy a cholesterolu v krvi [16]. Obilny B-glukan
s niz8i molekulovou hmotnosti (kolem 80 kDa) ma
mensi vliv na snizeni hladiny cholesterolu, maze vSak
pusobit jako vyznamné prebiotikum [17]. Uvadi se,
Ze mechanismus puUsobeni B-glukant je vysledkem
schopnosti této obilné viakniny tvofit gel, ktery zvy-
Suje gastrointestinalni viskozitu [6, 7]. Tato schopnost
je funkci molekulové hmotnosti (MW) a koncentrace
B-glukand v roztoku (c) a parametr log (MW x c) je tak
povazovan za klicovy indikator zdravotniho G€inku
B-glukanu. Pfi komerénim zpracovani je udrzeni co
nejvy$si MW jednim z klic¢ovych ukazatell efektiv-
nosti extrakce, spole¢né s kone¢nou produkci obil-
nych B-glukant. Volba optimalnich podminek extrak-
ce (zejména teplota a pH) ma tak rozhodujici vyznam.

Neékteré vyzkumy ukazuji, Zze pravidelny pfijem
3 g rozpustné vldkniny denné (hlavné jecné
a ovesné vlakniny) mize vést ke snizeni vzniku
kardiovaskularnich onemocnéni az o0 25-36 % [6, 7].
B-glukany vazou velké mnozstvi vody a v Zaludku
vytvofi objemnou, visk6zni, gelovitou hmotu, ktera
prochazi tenkym stfevem téméf nezménéna a je
zcela nebo c&astecné rozkladana az mikrobiotou
tlustého stfeva. Zrychlenim nastupu pocitu sytosti
a jeho prodlouzenim je mozné predejit pfejidani se
a zabranit tak rozvoji nadvahy a obezity.

Beta-glukany z hub a kvasinek
— zdroje, struktura

Neméné vyznamnym zdrojem B-glukant jsou bu-
nécné stény hub a kvasinek. Diky odliSné strukture

(v porovnani s obilnymi B-glukany) pusobi B-glukany
hub a kvasinek jako tzv. imunomodulétory (modulatory
biologické odpovédi; biologicky uc¢inné latky ovliviujici
nekteré biologické funkce) [4, 18].

Mezi zdroje téchto B-glukand patfi hliva Ustficna,
Zzampion brazilsky, rizné druhy liejnikd (napf. Parmot-
rema austrosinense), ale i pekarské nebo pivovarnické
kvasnice (Saccharomyces cerevisiag). Z cizokrajnych
hub jsou to pak napf. houby shiitake (houzevnatec
jedly), reishi (lesklokorka leskld) a dalsi ruzné druhy
choroSotvarych hub.

Bunécna sténa vétsiny hub a kvasinek se sklada
z péti hlavnich sacharidovych sloZzek: B-(1—3)-d-
-glukanu, B-(1—6)-d-glukanu, a-(1—3)-d-glukanu,
chitinu a glykoproteinl (zejména mannoproteinu),
pricemz v kvasinkach p-(1—3)-d-glukan vétsinou chy-
bi [19]. Novéjsi studie vSak uvadi, ze bunécné stény
kvasinky Schizosaccharomyces pombe obsahuji
i glukany spojené vazbami a-(1—3) [20]. B-glukany
s vazbami B-(1—3) a B-(1—6) izolované z bunécné
stény kvasinky Saccharomyces cerevisiae jsou nej-
intenzivnéji studovanymi B-glukany, které vykazuji
nejsilnéjsi biologické Ucinky v porovnani s ostatnimi
druhy kvasinek [4].

Nejcastéji je fetézec B-glukanl hub tvofen jednot-
kami B-(1—3)-d-glukanu s mistem vétveni p-(1—6).
B-glukany lisejniku a mechu (nékdy nazyvané také
lichenany) jsou naopak linearni molekuly spojené gly-
kosidovymi vazbami B-(1—3) a p-(1—4) s podobnym
usporadanim jako obilné B-glukany [21].

Beta-glukany z hub a kvasinek
— zdravotni u€inky

Jak jiz bylo uvedeno, struktura (délka fetézce,
stupen vétveni, molekulova hmotnost) a tim i bio-
logickéa aktivita daného B-glukanu se li§i v zavis-
losti na zdroji. B-glukany hub a kvasinek vykazuji
vyznamnou fyziologickou aktivitu, ktera je soucasti
obrannych mechanismU bunky (zejména schopnost
fagocytdzy) [4]. S tim souvisi UCinky pusobeni téchto
B-glukan( na lidsky organismus (imunomodulaéni
a protinadorové aktivita, antioxidacni, protizanétli-
vé nebo analgetické Gcinky, zvySuji odolnost vUCi
nékterym infekcim, podpora hojeni ran na kuzi,
popalenin apod.).

Hlavni funkei B-glukan( hub a kvasinek je tedy ovliv-
néni bunék Gc¢astnicich se imunitnich reakci. Ve zra-
lych houbéach jsou hlavni fetézce B-glukanl stoceny
do trojité Sroubovice stabilizované postrannimi retézci
(jednoducha a dvojita vlakna z B-(1—3)-d-glukopyra-
nosovych jednotek) s molekulovou hmotnosti vyssi
nez 90 kDa. Diky témto vlastnostem je podpofena
funkce fagocytozy a s tim souvisejici zdravotni u¢inek
B-glukanu.

Podminky izolace, extrakce a precisténi B-glukand
z puvodniho rostlinného nebo mikrobialniho zdroje



souvisi s Cistotou a biologickou aktivitou preparatu
obsahujiciho B-glukany. Pouzitim mirné alkalického
roztoku pfi extrakci B-glukanu doS$lo k rozvolnéni
pavodni helikalni struktury B-glukanu a k nepatrnému
snizeni jeho molekulové hmotnosti. Dosazeni vysoké
¢istoty izolovaného B-glukanu a udrzeni rozumné
ceny doplitku stravy neni komeréné mozné. Cistota
preparatu obsahujiciho B-glukany mize byt vyjadre-
na jako podil polysacharidu B-glukanu z celkového
obsahu sacharidu. V pfipadé pfitomnosti dalSich sa-
charidu jako je glukosa, mannosa, galaktomannany,
mannoproteiny apod. mize byt vSak toto vyjadfeni
Cistoty pB-glukanu nepfesné.

B-glukan izolovany z kvasinek je mimo jiné scho-
pen absorbovat mykotoxiny obilovin (deoxyniva-
lenol, zearalenon, aflatoxin B, T-2 toxin a dalsi)
[22]. Mechanismus U&inku pravdépodobné spociva
v interakci molekul B-glukanu a mykotoxinu a tvor-
bé komplexni struktury stabilizované vodikovymi
vazbami a van der Waalsovymi silami. Bylo zji$-
téno, Zze krmivo uréené pro hospodarska zvifata
obohacené timto B-glukanem zvySovalo Uc&inek
fagocytozy a baktericidni aktivitu makrofagu, coz
vedlo ke snizeni pruniku nékterych nebezpeénych
bakterii do okolnich tkani.

B-glukany vybranych jedlych hub (napf. hliva
Ustficna, pecarka dvouvytrusna, penizovka same-
tonoha aj.) mohou mit pozitivni vliv na snizovani
hladiny cholesterolu a lipoproteinu s nizkou hustotou
(LDL cholesterolu), coz mlze vést ke snizeni rizika
vzniku srde¢né-cévnich onemocnéni. Pro dané typy
B-glukanl zatim nejsou schvalena zadna zdravotni
tvrzeni.

Dalsi zdroje beta-glukant (moiské rasy,
bakterie)

B-glukany nalezneme i v bunéénych sténach mof-
skych fas rodu Laminaria sp., Adenocystis sp. a dal-
Sich. B-glukany hnédych fas rodu Laminaria sp. se
nazyvaji laminarany, zatimco u fas Adenocystis sp.
se jedna o fukoidany. Jejich struktura a vliastnosti jsou
v popredi zajmu jiz desitky let [4, 22 a dalSi]. Jedna
se predevsim o linearni B-glukany spojené vazbami
B-(1—3). Vlastnosti a U€inky téchto B-glukand jsou in-
tenzivné studovany zejména v Japonsku a na Dalném
Vychodé a také na Islandu. Vyznamné cyklické B-glu-
kany se 17 a 40 glukosovymi jednotkami spojenymi
vazbami B-(1—2) jsou produkty bakterii rodu Rhizopus
sp. a Agrobacterium sp. [23].

Zaver

V pfekladaném odborném &lanku jsou shrnuty
vlastnosti a Gcinky jednotlivych typl a druh( beta-
-glukant. Beta-glukany, jako stavebni, neSkrobo-
vé a necelulosové polysacharidy, jsou soucasti
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vlakniny potravy a pfi pravidelné konzumaci mohou
vykazovat fadu ovéfenych zdravotnich ucinka.
Obilné beta-glukany maji vliv na sniZzeni hladiny
cholesterolu a glukosy v krvi po jidle, zvySuji pocit
sytosti a podporuji stfevni peristaltiku. Zatimco beta-
-glukany z hub a kvasinek mohou pusobit u ¢lovéka
i zvifat jako vyznamné imunomodulatory. ZvySuji
odolnost vuéi virovym, bakterialnim, houbovym
nebo parazitarnim infekcim, mohou vykazovat anti-
oxida¢ni a analgetické ucinky, a mohou preventivné
plsobit proti nadorovym onemocnénim. Obecné
u v§ech typu a druht beta-glukan( plati, Ze biologic-
ka aktivita a U¢inky beta-glukand vyznamné zavisi
na jejich zdroji, pouzité izolaéni'metodé a na jejich
konkrétnich fyzikalné-chemickych vlastnostech (tj.
na struktufe, viskozité a molekulové hmotnosti) popf.
na naslednych technologickych operacich pfi vyrobé
potravin a doplfik( stravy.

Dedikace: Prispévek byl vypracovan za podpory
MZe CR, projektu &. QJ1610202 a institucionalni
podpory na dlouhodoby rozvoj VO, rozhodnuti ¢.
RO1117.
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Abstract

Chemically, the term beta-glucan refers to a relatively
broad group of substances that differ in their structure,
physico-chemical properties, and human and animal
health effects. The beta-glucans are perceived as non-
starch, non-cellulosic polysaccharides found in the cell
walls of cereals, fungi, yeast, algae and bacteria. The
beta-glucan molecule is composed of glucose units linked
by a B-glycosidic linkage. The structure and function of
cereal beta-glucans is different from those of fungi, yeast
and algae beta-glucans. The health claims have been
allowed only for cereal beta-glucans (EU Commission
Regulation No. 432/2012). The beneficial physiological
effects of eating cereal beta-glucans as part of a meal
are to maintain normal blood cholesterol levels and to
limit the increase in blood glucose levels after eating.
The expected health effects of beta-glucans from sources
other than cereals are derived from their structure and
behavior. No health claims have yet been approved for
beta-glucans of fungi, yeast and algae.

[
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konferenci

17.Mezinarodnikonference INDC se konalav Praze v hotelu DUO ve dnech 9.—12. fijna 2017. Hlavnim organizaforem
byl RADANAL s.r.0. Pardubice, dale Spole¢nost pro vyzivu Praha, Institut Nutrice a Diagnostiky Pardubice a Ceska
spoleénost pro klinickou biochemii Praha. Konferenci dale podpofily dalSi spole¢nosti, které poskytly G¢astnikim
konference své vyrobky. Zastitu nad touto konferenci pfevzal poslanec parlamentu Pharm. Dr. Jifi Skalicky, Ph.D.

Na konferenci bylo pfitomno 140 delegéatt z 25 zemi a 5 kontinentl svéta. Konference se konala 4 dny. Celkovy
podet piihlagenych prednéasek byl 60, po kterych nasledovaly vécné diskuse. Plakatovych pfihlasenych sdéleni
bylo 43. Odborna komise vybrala k ocenéni pét nejlepSich posteru.

Konferenci otevfeli tfi prednasejici: doc. Ale$ Horna z Institutu Nutrice a Diagnostiky Pardubice, prof. Helena
Tlaskalova — Hogenova z Mikrobiologického Ustavu Akademie Véd a prof. Mirek Macka z Tasméanské Univerzity
v Austrdlii. Doc. Horna predstavil ve své pfednasce nové zalozeny Institut Nutrice a Diagnostiky v Pardubicich
a v soudasnosti zde fedené vyzkumné projekty. Dale pfipomnél historii mezinarodni konference INDC od roku
2001. Prof. Tlaskalova se vénovala imunopatologii stfeva, onemocnénim celiakii a autoimunitou. Prof. Macek se

vénoval miniaturizaci v analytické diagnostice.

Prednasky byly rozvrzeny do 8 sekci, kterym predsedali pfedni odbornici v oboru jak z praxe, tak i z univerzit
z rlznych zemi svéta. Témata prednasek se vétsinou tykala problém( spojenych s vyzivou. To znamend, Ze se
obsah pfednéagek tykal jak surovin — tedy potravin, napf. jaké vyhody ma konzumace Cesneku. Dale byla uvedena
i rizna onemocnéni napf. diabetes, coz je onemocnéni, jehoz pocet stale vzrista. Nékolik pfednasek bylo vénovano
vitamintim a antioxidantiim, jejichZ Géinek je ve vyzivé vyznamny. Pfednasky se nevyhnuly ani obezité, ktera
ve svété i u nas vzrlsta. Dale byl zdiraznén vyznam probiotik pro imunitu ¢lovéka. Jedna ze sekci byla vénovana
analytickym metodam a jejich uplatnénim v klinické diagnostice.

Konference byla hodnocena uéastniky jako velmi Uspé$na a to jak pro odborné strance, tak i pro moznost
navazovani odbornych osobnich kontakt( a atraktivni doprovodny spole¢ensky program. Abstrakta jednotlivych
prednasek a postert z konference jsou uvedena ve Sborniku INDC 2017.

18. roénik INDC se bude konat ve dnech 22.-25. zafi 2018 v Praze v hotelu DAP, Vitézné nameésti 4, 160 00

Praha 6.

Ing. Jarmila Blattna, CSc., doc. Ing. Ales Horna, CSc.
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