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Development of rapid methods for assessing the quality of starch particles from various
cereal species for purposes of agricultural and food industry
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Technologicky problém

V obilkach je€mene se Skrob vyskytuje v podobé velkych (typ
A 8-30 um) a malych (typ B 2—8 um) zrn. Béhem technologického
procesu pfi vyrobé piva je vétsina zrn Skrobu rozloZzena na zkvasi-
telné cukry, které jsou kvasinkami pfeménény na alkohol. Pfedpo-
klada se vsak, ze ¢ast malych Skrobovych zrn, diky své kompakt-
nosti, zUstava pro enzymaticky rozklad nedostupnych. Kromé ztraty
na vytéznosti pfi produkci alkoholu mohou tyto kulovité ¢astice zpu-
sobit dalSi technologické problémy (napf. zékal, zhor§ena filtrova-
telnost). Je proto v zajmu pivovarsko-sladarského primyslu najit od-
rady je€mene, které produkuji niz§i mnozstvi malych skrobovych zrn
a zarovef maji konstantni pomér malych a velkych Skrobovych zrn.
Tento pomér mlize zaviset na mnoha faktorech (odrida, agroekolo-
gické podminky apod.). Pro studium funkce téchto faktorG je tfeba
vyvinout metody schopné méfit mnozstvi velkych a malych $krobo-
vych zrn.

Vysledky

V projektu spojilo své zkuSenosti s metodami separace ¢astic od-
liSnych velikosti a s metodami uréovani velikosti ¢astic (velikost um)
nékolik védeckych tym(. Hlavnimi technikami byly rizné metody FFF
(~field-flow fractionation®) pro separaci ¢astic v analytickém méFitku
a SPLITT (,split-flow thin fractionation“) metoda pro kontinualni pre-
paraci ¢astic podle velikosti. Vyznamny pokrok byl dale u¢inén ve vy-
uziti rdznych detektort (turbidimetrického, flow cytometrického), které
umoznily sbér kvalitativnich a kvantitativnich dat charakteristickych
pro Skrobova zrna. Dnes je mozné provést kvantitativni méfeni di-
stribuce velikosti zrn ve vzorku béhem nékolika minut.

V pribéhu feseni projektu byly ziskany nové metody a zdokona-
leny znalosti o postupu analytické separace ¢astic podle velikosti
a o kvantitativnim méreni distribuce skrobovych zrn podle velikosti.
Levna technika GFFF (gravitation field-flow fractionation — princip me-
tody: déleni ¢astic o velikosti 1-100 um v pritokovém kanalu pomoci
hydrodynamickych a gravitaénich sil) zapojena ke standardni UV-Vis
detekci byla Uspésné aplikovana pfi vyhodnoceni kvality distribuce
velikosti $krobovych zrn z rGznych odrid jeémene. To umoznilo ur-
¢eni odrudy jeémene s nejlep§im pomérem mezi velkymi a malymi
Skrobovymi zrny. Kontinudlni preparativni frakcionace nazvana
SPLITT (princip metody: déleni ¢astic je zalozeno na rychlosti jejich
sedimentace v prutokovém kandlu, na jehoZz konci jsou v rliznych po-
lohach umistény kapilary, kterymi jsou kontinualné odebirany ¢astice
se stejnou sedimentaéni rychlosti) jasné prokazala svou vybornou
schopnost izolovat frakce rGzné velkych Skrobovych zrn jeémene pro
dalSi zkoumani.

Vyzkum pfispél k lepSimu chapani nékterych vlastnosti obilek jec¢-
mene ve vztahu k jejich technologickému vyuziti. Z dosazenych vy-
sledkl je zfejmé, ze distribuce velikosti Skrobovych zrn je silné ovliv-
néna odriidou je€mene a pouze v mensi mife je ovlivnéna péstebni
lokalitou a poc¢asim.
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Technological problem

In barley caryopses starch occurs in the form of large (type A 8-30
pm) and small (type B 2—8 um) granules. Most starch granules are
decomposed to fermentable sugars that are converted to alcohol by
yeasts during the technological process at the beer production. It is
supposed that a part of small starch granules-due to their compact-
ness-remains inaccessible to enzymatic degradation. Besides the re-
duced yield at the alcohol production, these globular particles can
cause further technological problems (for example turbidity, impaired
filterability). Therefore it would be beneficial for the brewing and mal-
ting industry to find barley varieties producing a lower amount of small
starch granules and at the same time having a constant small and
large starch granule ratio. This ratio can depend on many factors (va-
riety, agro-ecological conditions and so on). For study of these factor
functions, it is necessary to develop methods capable to measure the
amount of large and small starch granules.

Results

Several research teams have combined their experience in sepa-
ration methods of particles having different sizes (size in pm) and in
particle size-determination methods in the project. Various FFF met-
hods (“field-flow fractionation”) for separation of particles on the ana-
lytical scale and the SPLITT (“split-flow thin fractionation”) method for
continuous preparation of particles according to the size were the
main techniques. Significant progress has been also achieved in uti-
lization of various detectors (turbidimetric, flow cytometric) that would
enable collection of qualitative and quantitative data characteristic for
the starch granules. Today it is possible to carry out quantitative me-
asurement of the granule size distribution in a sample in a few mi-
nutes.

New methods have been developed and knowledge on the analy-
tical separation of particles according to their size and on the quan-
titative measurement of the starch granule size distribution have been
perfected in the course of the project solution. The cheap GFFF tech-
nique (gravitation field-flow fractionation — principle of the method:
fractionation of particles 1-100 pm-sized in a flow channel by hyd-
rodynamic and gravitational forces) coupled to standard UV-Vis de-
tection was successfully applied for evaluation of the quality of starch
granule size distribution from various barley varieties. This enabled
to determine the barley variety with the best ratio of large and small
starch granules. The continuous preparative fractionation called
SPLITT (principle of the method: fractionation of particles is based
on their sedimentation rate in a flow channel at its end several capil-
laries are located in various positions, which enables continuous col-
lection of particles with the same sedimentation rate) clearly proved
its excellent capacity to isolate the fractions of barley starch granu-
les with different size for further research.

Research has contributed to better understanding some charac-
ters of barley caryopses in relation to their technological utilization.
The achieved results indicate that the starch granule size distribution
is strongly affected by the barley variety but the locality and weather
influence it only to a smaller extent.



