Journal of Central European Agriculture, 2011, 12(1), p.92-102

CHANGES OF CRUDE PROTEIN CONTENT IN
MALTING BARLEY INFLUENCED BY POST-
HARVEST RIPENING

ZMENY V OBSAHU HRUBEHO PROTEINU V
SLADOVNICKOM JACMENI VPLYVOM
POZBEROVEHO DOZRIEVANIA

M. LISKOVA', H. FRANCAKOVA, J. MARECEK

'"The Slovak University of Agriculture, Department of Storing and Processing of Plant Products, Trieda
Andreja Hlinku 2, 949 76, Nitra, Slovak Republic, phone: +421 376 414 779, e-mail: miriam.liskova@
uniag.sk

ABSTRACT

Aim of this experiment was to investigate to what extent post-harvest ripening and
growing locality influenced changes of crude protein content in malting barley and
values of Kolbach index in malt. Results revealed that already in the sixth week after
harvest, amount of crude protein decreased and amount of Kolbach index increased,
due to post-harvest ripening. Moreover climatic conditions during vegetation and
harvest as well as the growing locality significantly influenced (P<0.001) the amount
of crude protein. Higher amount of crude protein was measured in barley from locality
Jakubovany which is situated in colder growing area in comparison with localities
Sladkovicovo and Velké Ripfinany which are situated in arid growing areas.
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ABSTRAKT

Ciefom prace bolo zistit’ vplyv pozberového dozrievania a pestovatelskej lokality na
zmeny v obsahu hrubého proteinu v zrne jamena a Kolbachovho Cisla v slade.
Vysledky ukazali, Ze v priebehu pozberového dozrievania, uz v Siestom tyZzdni po
zbere, hodnoty hrubého proteinu poklesli a hodnoty Kolbachovho Cisla vzrastli.
Klimatické podmienky pocCas vegetacie a poCas Zatvy ako aj pestovatelska lokalita
preukazne (P<0,001) ovplyvnili obsah hrubého proteinu. VySsi obsah hrubého
proteinu bol namerany u jaémenov pochadzajucich z lokality Jakubovany, ktora sa
nachadza v chladnejSej vyrobnej oblasti v porovnani s lokalitami Sladkovicovo

a Velké Ripriany, ktoré sa nachadzaju v aridnejSich klimatickych podmienkach.

Kracéové slova: jacmen, hruby protein, pozberové dozrievanie, slad, Kolbachovo
Cislo
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DETAILED ABSTRACT

Crude protein has fundamental and technological importance in processing the
barley to malt, in the process of fermentation, beer foaming, taste and stability of
beer. Crude protein content is generally recognized as the most important indicator of
the malting barley processing value. The ideal crude protein content in malting barley
should be around 9 - 11%. Higher amount of crude protein reduces starch content
and extract and on the other hand enormously low crude protein content is reflected
in deficiencies of taste and beer foaming.

Following that, the aim of this experiment was to determine to what extent post-
harvest ripening and the growing locality affected the changes of crude protein
content in malting barley and values of Kolbach index in malt. Moreover this work
solves correlation relations between selected barley technological parameters and
barley physiological parameters as well as malt technological parameters.

Samples of spring malting barley genotypes SK 5734, SK 5374, SK 5976 and the
Nitran variety (categorized as control variety) were obtained from different climatic
and growing localities of Slovakia (table 1, 2, 3): SladkoviCovo (corn production area),
Velké Ripriany (sugar beet production area) and Jakubovany (potato production
area). To analyze the process of post-harvest ripening, samples were analyzed in the
second, sixth and twenty-fifth week after harvest. From barely physiological
parameters, the germination energy was determined according to (EBC 3.6.2) [8] and
from barley technological parameters, the crude protein, Kolbach index, extract and
relative extract at 45°C were determined according to

(Pivovarsko — sladarska analytika, Basarfova, 1992) [3]. Technological parameters
were determined after samples were malted in the trial malt-house. The statistical
analysis of the data was performed by using statistical method Statistical Analyses
System (SAS). Data were analyzed by analyses of variance (ANOVA) and correlation
relations were analyzed by Person’s correlation coefficient.

Results revealed that already in the sixth week and later in the twenty-fifth week after
harvest, amount of crude protein decreased and amount of Kolbach index increased,
due to post-harvest ripening. Moreover climatic conditions during vegetation and
harvest as well as the growing locality significantly influenced (P<0.001) post-harvest
ripening of barley. Amount of crude protein was higher in barley from locality
Jakubovany which is situated in colder growing area in comparison with localities
Sladkovicovo and Velké Riprfinany which are situated in arid growing areas.
Furthermore in this experiment, the dependence of crude protein and Kolbach index
in relation to physiological parameters of barley grain (germination energy) and
technological parameters of malt (extract and relative extract at 45°C), were
examined. The results showed that crude protein significantly negatively correlated
with the germination energy (r=-0.52). It indicates that the decreasing values of crude
protein increase values of germination energy. Kolbach index significantly positively
correlated with the extract (r=0.78) and relative extract at 45°C (r=0.55). This
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indicates that with increasing values of Kolbach index rise values of extract and
relative extract at 45°C which is eligible for the process of malting.

On the basis of obtained results can be concluded that the post-harvest ripening
during barley storage contributes to the reduction of crude protein content in malting
barley and an increase of Kolbach index values in malt. The results also confirmed
that the choice of growing locality is important. Growing locality significantly affects
the value of crude protein of malting barley and values of Kolbach index in malt. The
best localities are humid and less suitable are arid localities where there is
presumption of higher crude protein accumulation in barley grain.

Uvod

Dusikaté latky su nosi¢mi biologickych zmien a maju zasadny technologicky vyznam
v spracovatelnosti jaCmena na slad, v pomnozeni kvasnic, pri kvaseni, v penivosti,
chuti a stabilite piva. V priebehu sladovania su dusikaté latky degradované na
aminokyseliny a peptidy, ktoré poskytuju dostatok zivin potrebnych pre Cinnost
pivovarskych kvasiniek [10].

Degradacia dusikatych latok sa posudzuje podfa urovne rozlustenia sladu, ktora sa v
pivovarnictve vyjadruje ako Kolbachovo ¢islo (rozpustny dusik/celkovy dusik) [11].
Obsah hrubého proteinu je vSeobecne uznavany ako najdélezitejSi ukazovatel
spracovatel'skej hodnoty sladovnickeho jaCmena [16, 17]. Idealny obsah hrubého
proteinu v sladovnickom jaémeni by sa mal pohybovat’ okolo 10,7 %. Pokial je
dostatoCny vyber, prijima sa do sladovni iba jaémen s 9 % - 11 % obsahom bielkovin.
Vysoky obsah hrubého proteinu znizuje obsah Skrobu a extraktu a naopak enormne
nizky obsah hrubého proteinu sa prejavuje nedostatkami chuti a penivosti piva.

Obsah hrubého proteinu v jatmeni m6ze negativne korelovat' s fyziologickym
parametrom zrna ako je rychlost kli¢enia. Pomocou rychlosti klicenia je mozné
zachytit priebeh pozberového dozrievania [14]. Stanovit hibku pozberového
dozrievania je obtiazne. Niektori autori preto doporuéuju stanovit’ hibku pozberového
dozrievania na zaklade hodndt rychlosti a energie kli€enia. Energia kliCenia indikuje
dizku pozberového dozrievania zrna a udava, & bude zrno schopné kligit pogas
sladovania [19].

Obsah bielkovin v jaémeni m6ze byt znaCne ovplyvneny aj vonkajSimi podmienkami
predovSetkym ro¢nikom, predplodinou a urovrniou dusikového hnojenia. V ro¢nikoch
s priaznivym priebehom poveternostnych podmienok sa v zrne pozastavi hlavne
tvorba sacharidov a zrno sa stava bohaté na dusikaté, hlavne nebielkovinové latky
[13]. Podla viacerych autorov obsah hrubého proteinu sa neda ovplyvnit vyberom

JOURNAL

Central European Agriculture 94
ISSN 1332-9049



LISKOVA et al. : Changes of Crude Protein Content in Malting Barley Influenced by Post-...

odrody, lebo viac ako 80 % premenlivosti tohto znaku je ovplyvneny
agroekologickymi podmienkami roCnika [15, 6, 7].

V nadvaznosti na uvedené, cielom prispevku bolo zistit, v akom rozsahu pozberoveé
dozrievanie a pestovatelska lokalita ovplyviuju zmeny v obsahu hrubého proteinu
v sladovnickom jacmeni a hodnoty Kolbachovho Cisla v slade. Bola skimana aj
zavislost’ hrubého proteinu a Kolbachovho €isla od vybranych fyziologickych
parametrov zrna a technologickych parametrov sladu.

Material a metodika

V praci sa hodnotili Styri genotypy jaémenia jarného sladovnickeho SK 5734, SK
5374, SK 5976 a kontrolna odroda Nitran, pochadzajuce z troch klimaticky odliSnych
lokalit - skusobnych stanic (tabulka 1, 2, 3): Sladkovi¢ovo (kukuri¢na vyrobna
oblast), Velké Ripriany (repna vyrobna oblast) a Jakubovany (zemiakarska vyrobna
oblast). Pre zachytenie priebehu pozberového dozrievania boli jaémene analyzované
druhy, Siesty a dvadsiaty piaty tyZden po zbere. Pre stanovenie technologickych
parametrov sladu boli vzorky zosladované v mikrosladovni na Sfachtitefskej stanici
Hordeum Sladkovi¢ovo s.r.o. Z fyziologickych ukazovatelov sa analyzovala energia
klicenia podla (EBC 3.6.2) [8] a z technologickych ukazovatelov sa analyzovali hruby
protein, Kolbachovo &islo, extrakt a relativny extrakt pri 45°C podfa (Pivovarsko —
sladarska analytika, Basafova, 1992) [3].

Ziskané vysledky sa Statisticky vyhodnotili matematicko-Statistickou metodou s
pouzitim programu SAS. Na porovnanie priemerov zakladného suboru sa pouzila
viacfaktorova analyza rozptylu (ANOVA) a korela¢né vztahy sa posudili
Pearsonovym koeficientom korelacie.

Vysledky a diskusia

Experimentalny rok sa vyznacCoval prevahou aridnych podmienok v Case dozrievania
(tabulka 1), €o bolo zrejme jednou z pricin vysokého obsahu hrubého proteinu (HP)
pri genotypoch pochadzajucich zo stanice Sladkovicovo. Z pohladu lokality, najvyssi
obsah HP (14,1 %) druhy tyzden po zbere, bol namerany u genotypov zo stanice
Sladkovi¢ovo

(tabufka 4). Zrno s takymto vysokym obsahom HP nie je pre sladovnicke ucely
akceptovatelné. Vysokodusikaté jaémene nie su vhodné pre sladovnicke pouzitie,
pretoZe znizuju obsah Skrobu v jaémeni, predlzuju ¢as sladovania, znizuju uroven
modifikacie endospermu a okrem toho vacsie mnozstvo rozpustného dusika zvySuje
tvorbu zakalu [9]. Na stanici Jakubovany bol priebeh zrazok opacny (tabufka 3).
Najniz8i obsah HP (9,4 %), bol namerany pri genotypoch zo stanice Jakubovany
(tabufka 4). Na druhej strane, jaCmene s nizkym obsahom dusika ulahcuju
sladovanie, poskytuju vysoku uroven modifikacie endospermu a davaju vysoke
mnozstvo extraktu [1]. Vplyvom pozberového dozrievania Siesty tyzderi po zbere,
obsah HP pri vSetkych genotypoch zo skusSobnych lokalit mierne poklesol (tabulka 4).
Z pohladu lokality sa najvysSi obsah HP nameral na stanici Sladkovi¢ovo (13,2 %) a
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Tabulka 1 Klimatické podmienky na stanici SladkoviCovo
Table 1 Climatic conditions at locality Sladkovi¢ovo

Mesiace/Months Jan. Feb. Mar. Ap. M3 Jun Jul
Zrazky skutocnost
(mm)/ 274 456 36 536 327 454 893 425
Rainfall real (mm)
Zrazky normal (mm)/

265 276 254 316 493 66,6 57,5 40,6
Rainfall normal (mm
Teplota skuto¢nost
ey 0,39 -168 3,79 11,35 15,73 18,02 19,76 9,6
Temperature real (°C)
Teplota normal (°C)/

-1,28 1,18 519 11,16 16,37 19,32 21,13 10,4

Temperature normal
(C)

Tabulka 2 Klimatické podmienky na stanici Velké Ripnany
Table 2 Climatic conditions at locality Velké Ripnany

Mesiace/Months Jan. Feb. Mar. Ap. Maj Jun Jul
Zrazky skuto€nost
(mm)/ 471 691 56 585 40,1 346 60,1 45
Rainfall real (mm)
Zrazky normal (mm)/

35 34 31 41 55 70 77 49
Rainfall normal (mm
Teplota skuto¢nost (°C)/

-02 -29 24 M5 16,1 191 21 9,6
Temperature real (°C)
Teplota normal (°C)/

22 -0,3 42 10 152 18,4 20,3 94
Temperature normal
(C)
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Tabulka 3 Klimatické podmienky na stanici Jakubovany
Table 3 Climatic conditions at locality Jakubovany

Mesiace/Months Jan. Feb. Mar. Ap. Mg Jun Jul

Zrazky skutoCnost’
(mm)/

31,9 424 116 88,7 828 1013 116,2 67,8

Rainfall real (mm)
Zrazky normal (mm)/

28 25 26 39 62 80 88 49,7
Rainfall normal (mm
Teplota skutoénost’
ccy 2,7 2,7 0,7 96 14,2 16,7 194 79
Temperature real (°C)
Teplota normal (°C)/

44 -28 22 7,9 1356 16,3 179 7,2
Temperature normal

(°C)

dvadsiaty piaty tyZzden po zbere, sa obsah HP pri jednotlivych genotypoch vyrazne
nemenil (tabulka 4). Zistilo sa, Ze $tatisticky vysoko preukazny (P<0,01) bol vplyv
lokality na obsah HP v zrne jaémena (tabulka 5, 6). Statisticka zavislost sa potvrdila
medzi vSetkymi testovanymi lokalitami. Z pohladu lokality preukazne najvyssSi obsah
(tabulka 5, 6). Podobnym vysledkom pri hodnoteni HP z pohladu lokality dospeli aj
ini autori [9]. Poveternostné podmienky (predovsetkym dlhé sucho) mézu byt
priCinou zvySenia obsahu dusikatych latok v obilkach jacmena [12], Co sa potvrdilo

i z vysledkov nasej prace. Suma zrazok v priebehu vegetacie bola na stanici
Sladkovi€ovo v mesiacoch m3j a jun pod normal (tabulka 1), naopak na stanici
Jakubovany sa pohybovala nad normal (tabufka 3).

Kolbachovo Cislo dava obraz o proteolyze pocas kliCenia zrna jaCmena. Pre
sladovnicke u&ely by sa hodnoty Kolbachovho &isla (KC) mali pohybovat v rozmedzi
39 - 44 %. Vyrazne vyS$Sie a nizSie hodnoty su neziaduce. Kvoli vzostupe syntézy
proteazy v procese klicenia sa skladovanim zvySuje schopnost’ zrna hydrolyzovat
proteiny pocas sladovania [2]. Z pohladu lokality, druhy tyZzden po zbere boli
najvyssie hodnoty Kolbachovho ¢isla (38,7 %) namerané u genotypov zo stanice
Jakubovany (tabulka 4). Naopak najnizsie hodnoty KC (34,5 %) boli namerané u
genotypov zo stanice Sladkovicovo (tabulka 4). V druhom tyzdni po zbere ani jeden
genotyp nesplnil poziadavky na KC. Hodnoty KC sa vplyvom pozberového
dozrievania postupne zvySovali. Z pohladu lokality, Siesty tyzden po zbere, boli
najvyssie hodnoty Kolbachovho €isla, namerané u genotypov zo stanice Velké
Ripnany (39,8 %) a naopak najnizSie (37,0 %) u genotypov zo stanice Sladkovi¢ovo
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(tabulka 4). Pozberové dozrievanie napomohlo k vyraznému zvyseniu hodnét KC

v dvadsiatom piatom tyzdni po zbere. Z pohladu lokality, boli najvyssie hodnoty KC
namerané pri genotypoch zo stanice Jakubovany a Velké Riphany (44,0 - 44,1 %)
lokality na obsah KC nebol $tatisticky preukazny. Zistilo sa, Ze az v dvadsiatom
piatom tyzdni po zbere, vSetky genotypy zo skumanych stanic dosiahli
akceptovatelné hodnoty KC, pre vyrobu kvalitného sladu. Podla niektorych autorov
[18, 2], v priebehu skladovania jaémeriov doslo k zvySeniu hodnét Kolbachovho Cisla,
diastatickej mohutnosti a dosiahnutefného stupna prekvasenia.

Tabufka 4 Zmeny v obsahu hrubého proteinu a Kolbachovho Cisla pri jednotlivych genotypoch
z pohladu lokality v 2, 6 a 25 tyzdni po zbere

Table 4 Changes in crude protein content and Kolbach index with regard to growing locality in the 2nd,

6th and 25th week after harvest

Lokalita/
Locality

Hruby protein/Crude protein (%) Kolbachovo ¢islo/Kolbach index (%)
2. tyzden/ 6. tyzden/ 25. tyzden/ 2. tyzde/  6.tyzden/  25. tyzderi/

2. week* 6. week* 25. week* 2. week* 6. week* 25. week*

Sladkovicovo 14,1 +045 13,2 +0,33 13,0 +0,41 34,5 +0,67 37,0 +0,89 41,7 +0,44
Velké Ripnany 11,5 +0,44 105 +0,54 104 +045 38,3 +0,59 39,8 +0,53 44,1 +0,69
Jakubovany 94 +0,27 93 +0,24 93 +0,41 38,7 +1,03 38,8 +1,34 44,0 +0,91

Legend: * weeks after harvest; values represent the mean (n=4)+SD.

Tabulka 5 Analyza rozptylu v obsahu hrubého proteinu z pohfadu lokality
Table 5 Analyses of variance of crude protein with regard to locality

Stupne Priemer
Zdroj/ volnosti/ Suma Stvorcov/  Stvorcov/ F hodnota/
Pr>F
Source Degrees of Sum of squares Mean F value
freedom square
Model/ 102,5205556  51,2602778 73,20 <0001
Model

V praci sa dalej skumala zavislost hrubého proteinu a Kolbachovho ¢isla od
vybranych fyziologickych parametrov zrna jaémena (energia klicenia)

a technologickych parametrov sladu (extrakt a relativny extrakt pri 45°). Korelaéné
vztahy sa posudili Pearsonovym korelacnym koeficientom. Vysledky ukazali, ze
hruby protein preukazne zaporne koreloval s energiou kli¢enia (r = -0,52) (tabulka 7).
Znamena to, Ze so znizujucimi sa hodnotami hrubého proteinu stupaju hodnoty
energie kliCenia. Energia kliCenia je definovana mnozstvom vykli¢enych zfn

v stanovenom ¢&ase. Indikuje dizku pozberového dozrievania zrna a udava, &i bude
zrno schopné klicit poCas sladovania [19,4]. Pri vSetkych genotypoch zo skusobnych
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stanic SladkoviCovo a Velké Ripfany, boli uz v druhom tyzdni po zbere zaznamenané
vysoké hodnoty energie klicenia (95 - 100 %), (graf 1), ¢o svedc&i o vhodnosti

energia kli¢enia (66 - 94%) v druhom tyzdni po zbere zaznamenana pri genotypoch
z0 skusobnej stanice Jakubovany (graf 1). Nizke hodnoty energie kli¢enia poukazuju
na pritomnost dormancie pri genotypoch zo stanice Jakubovany. Od druhého tyzdna
sa energia kliCenia vplyvom pozberového dozrievania u vSetkych genotypov
postupne zvySovala.

== Sladkovicovo =—E=Velké Ripfiany Jakubovany
=
e —p
=5 = 2 T r——
8 g : s
= =
Qa @
= E
= .2
2w
e
g E
aQ @
B

odordy/varieties

Graf 1 Energia kli¢enia z pohladu lokality v druhom tyZdni po zbere
Figure 1 Germination energy with regard to growing locality in the second week
after harvest

Kolbachovo ¢islo sladu preukazne kladne korelovalo s extraktom (r = 0,78)

a s relativnym extraktom pri 45 °C (r = 0,55) (tabulka 4). Znamena to, zZe so
zvysujucimi sa hodnotami Kolbachovho Cisla stupaju hodnoty extraktu a relativneho
extraktu pri 45 °C, €o je z hladiska sladovania ziaduce. Extraktivnost sladu je dana
aktivitou proteolytickych a amylolytickych enzymov. V priebehu skladovania klesa
aktivita proteolytickych enzymov ako aj aktivita amylolytickych enzymov, avsak tento
pokles vyrazne nezhorsuje technologicku akost' skladovanych jaCmenov [20].
Relativny extrakt s dobou pozberového dozrievania stupa. Extraktivne zlozky zo
sladu a teda hodnoty extraktu su ovplyvnené rozsahom degradacie bunkovych stien
endospermu a modifikaciou bielkovin po¢as sladovania [5].
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Tabulka 6 Statistické testovanie preukaznosti rozdielov v obsahu hrubého
proteinu z pohladu lokality
Table 6 Statistical testing of differences of crude protein with regard to locality

Hladina preukaznosti 0.05 vyjadrena ***/Significance level at the 0.05***

Porovnanie

lokalit/ LSD test/ Tukeyho test/ Scheffeho test/
Localities LSD test Tukey test Scheffe test
comparison

2-3 2,6750 *** 2,6750*** 2,6750 ***
2-1 4,0667 *** 4,0667 *** 4,0667 ***
3-2 -2,6750 *** -2,6750*** -2,6750 ***
3-1 1,3917 *** 1,3917 *** 1,3917 ***
1-2 -4,0667 *** -4,0667 *** -4,0667 ***
1-3 -1,3917 *** -1,3917 *** -1,3917 ***

Legenda/Legend: 1-Sladkovi¢ovo, 2-Velké Ripriany, 3-Jakubovany (lokalita/

locality)

Tabulka 7 Statisticka zavislost fyziologickych a technologickych parametrov jaémeria a sladu
hodnotena Pearsonovym koeficientom korelacie
Table 7 Statistical correlation of physiological barley parameters and technological malt parameters
evaluated by Pearson’s correlation coefficient

Relativny . :
Kolbachovo  Hruby Energia
Parametre/ E)S(Erg;(t Extrakt/ Cislo/ protein/ kli¢enia/
Parameter Relative Extract Kolbach Crude Germination
extract 45°C index protein energy
Relativny extrakt r 0,34341 0,55792 -0,44614 -0,31397
45°C/
1,00000
0,1004 0,0046 0,0289 0,1352
Relative extract 45°C
Extrakt/ r 0,34341 0,78142 -0,40881 -0,20314
1,00000
Extract p 0,1004 <,0001 0,0473 0,341
Kolbachovo Cislo/ r 0,55792 0,78142 -0,39795 -0,23472
1,00000
Kolbach index p 0,0046 <,0001 ’ 0,0541 0,2696
Hruby protein/ r -0,44614 -0,40881 -0,39795 -0,52073
1,00000
Crude protein p 00289 0,0473 0,0541 0,0091
Energia kliCenia/ r -0,31397 -0,20314 -0,23472 -0,52073
1,00000
p 0,1352 0,341 0,2696 0,0091

Germination energy

Legenda/Legend: r — korelaCny koeficient/correlation coefficient, P — preukaznost/significance
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Zaver

Na zaklade uvedenych vysledkov mozno konStatovat, Ze pozberoveé dozrievanie
pocas skladovania jaCmenov napomaha k znizeniu obsahu hrubého proteinu

v sladovnickom jacmeni a k zvySeniu hodnét Kolbachovho Cisla v slade. Vysledky
dalej potvrdili, ze dblezity je aj vyber pestovatelskej lokality. Pestovatel'ska lokalita
vyrazne ovplyvnuje hodnoty hrubého proteinu sladovnickeho jaCmera a hodnoty
Kolbachovho Cisla sladu. NajvhodnejSie su lokality humidnejSie a menej vhodné su
lokality aridné, kde je predpoklad vys$Sej kumulacie hrubého proteinu v zrne jacmena.

Literatura

[11Agu R.C., Palmer G.H., The effect of nitrogen level on the performance of malting
barley varieties during germination, Journal of the Institute of Brewing (2001)
107: 93-98.

[2] Bamforth C.W., Barcley A.H.P., Barley Chemistry and Technology, American
Association of Cereal Chemists, St. Paul, Minnesota, 1993.

[3] Basafova G. et al., Pivovarsko — sladarska analytika, Merkanta s. r. 0., Praha,
1992.

[4] Caddic L.P., Shelton S.P., Effect of cooling on the recovery from dormancy in
Australian malting barley, Australian post-harvest technical conference,
Canberra, 1998.

[5] Collins H.M., Logue S.J., Jefferies S.P., Stuart |.M., Barr A.R., A study of the
physical, biochemical and genetic factors influencing malt extract, Proceedings
of the 10" Australian Barley Technical Symposium, Canberra, Australia, 2001.

[6] Conry M.J., Comparison of early, normal and late sowing at three rates of nitrogen
on the yield, grain nitrogen and screenings content of Blenheim spring malting
barley in Ireland, Journal Agricultural Science (1995) 125: 183-188.

[7] Conry M.J., Effect of fertilizer N on the grain yield and quality of spring malting
barley grown on five contrasting soils in Ireland, Proc. R. Irish Acad. (1997) 97:
185-196.

[8] European Brewery Convention: Analytica-EBC, EBC-Analysis-Committe ed.Verlag
Hans Carl Getranke-Fachverlag, Nurnberg, Germany, 1998.

[9] Hrubcova S., Kvalita sladu v zavislosti od kvality biologického materialu, SPU,
Nitra, 2002.

JOURNAL

Central European Agriculture 101
ISSN 1332-9049



LISKOVA et al. : Changes of Crude Protein Content in Malting Barley Influenced by Post-...

[10] limure T., Nankaku N., Hirota N., Tiansu Z., Hoki T., Kihara M., Hayashi K., Ito K.,
Sato K., Construction of a novel beer proteome map and its use in beer quality
control, Food Chemistry (2010) 118: 566-574.

[11] Jones B.L., Endoproteases of barley and malt, Journal of Cereal Science (2005)
42:139-156.

[12] Kent N.L., Evers A.D., Kent’'s Technology of Cereals, Elsevier Science Ltd.,
1994.

[13] KosaF K. et al., Technologie vyroby sladu a piva, VUPS, Praha, 2000.

[14] LekeS J. et al., JeCmen, SZN, Praha, 1985.

[15] Palmer G.H., Malt performance is more related to inhomogeneity of protein and
b-glucan breakdown than to standard malt analyses, J. Inst. Brewing (2000)

106: 189-192.

[16] Prokes J., Technologicky vyznam dusikatych latek v jeCmeni a sladu, Kvasny
pramysl (2000) 10: 277 — 279.

[17] Frangakova H., Téth Z., Sladovnictvo a pivovarnictvo, SPU, Nitra, 2005.

[18] Psota V., Dormance odrad sladovnického jeémene, UKZUZ, Brno, 1998.

[19] Reuss R., Casells J., Green J., Willis T., Nischwitz R., The effect of storage
conditions on post-harvest maturation and maltability of barley, Proceedings of
the 12" Australian Barley Technical Symposium, Hobart, Australia, 2006.

[20] Sychra L., Marecek J., Dlouhodobé skladovani sladovnického jeCmene a jeho

vliv na kvalitu sladu a zrna jeCmene, Il. Medzinarodna vedecka konferencia
mladych, SPU, Nitra, 2000.

JOURNAL

Central European Agriculture 102
ISSN 1332-9049



	Button 3: 
	Page 1: Off
	Page 2: 
	Page 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 7: 
	Page 8: 
	Page 9: 
	Page 10: 
	Page 11: 

	Button 2: 
	Page 1: Off



