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PETIJUMA AKTUALITATE

Alus pieder pie alkoholiskajiem dz@rieniem un tapec alu saista cie$a konteksta ar
alkoholisma problému. Paradot etanola negativo ietekmi uz cilvéka veselibu,
veiktajos petljumos maz ir pieversta uzmaniba pargjiem savienojumiem, kas nonak
gala produkta no augu izcelsmes izejvielam, kuram piemit noteikta biologiska
aktivitate. Tikai pagajusa gadsimta beigas, veicot p&tijumus par sarkanvina ietekmi
uz dazadu slimibu norisi, konstatgja arT etanolu saturosu augu izcelsmes alkoholisko
dz@rienu pozitivas Ipasibas.

Eiropas Savieniba ir vérojams alus patrina kritums, tomér Latvija novérojama
pretéja tendence un alus patérin$ picaudzis no 70 litriem Iidz 81 litram uz vienu
iedzivotaju gada. Alus ir treSais popularakais dz€riens pasaulé un tapéc arvien
aktualaks kltst jautajums par alus realo vai potencialo ietekmi uz cilvéka veselibu.

Pamatizejviela alus gatavoSanai ir iesals. To kimiska sastava pamatkomponente
ir ciete, kas fermentu darbibas rezultata iejavas variSanas procesa sadalas mono- un
disaharidos un pariet parraudzgjama suspensija. legiitaja suspensija no iejavas pariet
arT citas iesala ekstraktvielas — olbaltumvielas, vitamini, mineralvielas, fermenti,
fenoli u.c. (Kynre, 2003).

Iesala gatavoSanai pamata izmanto pleksnainos (Hordeum vulgare L.) miezus,
bet kailgraudu miezu izmanto$ana pédgjos gados pasaule tiek atzita ka viens no
potenciali attistamajiem virzieniem partika un dz€rienu riipnieciba. Kailgraudu miezu
graudiem konstatéts augsts ekstraktvielu saturs, kas savukart nodroSina augstaku
etanola saturu gala produkta vai lielaku alus iznakumu. ST iemesla dé| alus razo$anas
uznémumiem kailgraudu miezu iesala izmantoSana varétu but ekonomiski
izdevigaka. Tos veiksmigi izmanto viskija (Agu et al., 2009) un partikas iesala
razoSana (Bhatty, 1996), bet to lieto$ana alus gatavosanai Iidz Sim nav plasi pétita.

Latvija ir tikai viena 2011. gada registréta kailgraudu miezu $kirne ‘Irbe’, kaut
gan pirmie izmé&ginajumi ar tiem Priekulos veikti jau 19. gadsimta un pagajusa
gadsimta 20. — 30. gados turpinati Valsts Stendes graudaugu selekcijas institita. Ar1
pasaulé ped€jos desmit gados aktualizta un atsakta kailgraudu miezu selekcija un
pétijumi. Salidzino§i ar plékSpainiem mieziem, kailgraudu miezi raksturojas ar
lielaku endospermu, un Iidz ar to ar augstaku bioaktivo savienojumu, taja skaita
fenolu un vitaminu, saturu, kuriem piemit antioksidativas Tpasibas un tos klasificé ka
antioksidantus.

Antioksidanti ir vielas, kas palidz aizsargat organismu no brivo radikalu
parprodukcijas. Brivie radikali sp€j izraisit Siinu bojajumu, vajinot imiinsisttmu un
veicinot infekciju un dazadu degenerativu slimibu attistisanos. Zinatnieki uzskata, ka
brivo radikalu raditie bojajumi ir organisma novecosanas pamata. Ar uzturu uznemtie
antioksidanti samazina v&za un sirds-asinsvadu slimibu rasanas risku. Tadge] pedgja
laika aug zinatnieku, partikas razotaju un pat€rétaju interese par antioksidantiem un
to saturu uzturlidzek]os (Kahkonen et al., 1999). Savienojumus ar antioksidattvam
Tpasibam galvenokart parstav augu valsts — darzeni, augli, augu ellas, saknes,
garSaugi un graudaugi (Kahkonen ef al., 1999). Antioksidantu aktivitati rakturo ta
antiradikala aktivitate.



Iesala un miezu antiradikalo aktivitati veido fenoli un tajos esosie flavonoidi un
atseviskas fenolskabes, pieméram kafijskabe (Pejin et al., 2009). 70-80% polifenolu,
kurus satur alus, nonak taja no mieziem, bet pargjie 20-30% — no apigiem. Polifenolu
labveliga ietekme uz veselibu ir atkariga no to uznemta daudzuma un biopieejamibas
(Manach, 2004). Miezu graudi un no ta gatavotais iesals satur arT citus savienojumus
ar antioksidantu TpaSibam ka C, E vitaminus.

Izpetot antioksidantu dinamiku alus razoSanas procesa dazados posmos un
izvertéjot atseviSku antioksidantu satura izmaipas tehnologisko reZimu ietekme,
iespg€jams mainit vai pilnveidot alus razoSanas procesu ar mérki maksimali saglabat
biologiski aktivo vielu saturu gala produkta.

Latvija sadi pétijumi par antioksidantu saturu un to izmainam alus gatavoSanas
procesa ar vietgjiem selekcionétiem plekspainiem un kailgraudu miezu graudiem un
no tiem gatavotu iesalu un alu nav veikti.

Promocijas darba hipotéze: plekspaino un kailgraudu miezu $kirnes un linijas
nosaka alii eso$o endogéno antioksidantu (fenolu, C un E vitaminu) saturu, kas varié
izmantoto tehnologisko procesu ietekmg, iegiistot iesalu un alu.

Promocijas darba hipotezi pierada ar aizstavamam tézém:

1) endogéno antioksidantu saturu miezos nosaka Skirne un tips (kailgraudu vai
pleksnaino),

2) antioksidantu saturu iesala butiski ietekmé iegfiSanas tehnologija un iesala
veids,

3) endogéno antioksidantu saturs mainas icjavoSanas pauz€s un misas
vari$anas laika,

4) misas raudzgsana un alus filtracija butiski ietekmé atsevisku antioksidantu
saturu un antiradikalo aktivitati,

5) fenolu sastavs gatava ali ir atkarigs no alus veida (tumsSais vai gaisais) un
skirnes.

Promocijas darba meérkis ir izpetit kailgraudu un plek$paino miezu graudos
esoso antioksidantu dinamiku, gatavojot iesalu un alu.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

1) noteikt un salidzinat pleékSpaino wun kailgraudu miezu graudu
fizikali-ktmiskos raditajus un to atbilstibu alus razoSanas izejvielu kvalitates
prasibam,

2) analiz€t jauno Latvija selekcionéto kailgraudu miezu Iiniju un Skirnes
piemérotibu iesala un alus raZosanai, lietojot tradicionalas tehnologijas,

3) noteikt endogéno antioksidantu — fenolu, C un E vitaminu — saturu un to
izmainas tehnologiskajos etapos: miezi — iesals, iesals — misa , misa — alus,

4) petit antiradikalas aktivitates un kop&o fenolu satura dinamiku
tehnologiskajos etapos: miezi — iesals, iesals — misa, misa — alus,



5) veikt alus razo$anas tehnologisko etapu izveértgjumu endogéno antioksidantu
saglabasanai produkta,

6) identificét antiradikalas aktivitates, kop&o un atsevisko fenolu, E un C
vitaminu savstarpgjo mijiedarbibu alus gatavosana,

7) Kklasificet komerciali razotos un pétijuma sagatavotos alus paraugus péc
pamatraditajiem un fenolu savienojumu satura.

Promocijas darba novitate un zinatniskais nozimigums.

Izpetita plekSpaino un kailgraudu miezu graudu liniju un Skirpu endogéno
antioksidantu dinamika iesala un alus razoSanas procesda to biologiskas vértibas
noteikSanai un saglabasanai.

Noteiktas E un C vitaminu izmainas nozimigakajos iesala un alus raZoSanas
posSmos.

Izanaliz&tas kailgraudu graudu miezu izmantoSanas iesp&jas iesala un alus
razo8ana, izmantojot eso$as iesala un alus raZoSanas iekartas un tehnologijas.

Promocijas darba tautsaimnieciska nozime.

Izpetot Latvija selekcionétu jauno kailgraudu miezu graudu liniju un Skirnes
raditajus un izvert€jot to izmantosanas iesp&jas iesala un alus rlipnieciba, iegttie dati
dod prieksstatu selekcijas darbu talakai veikSanai amilolitiko fermentu aktivitates
paaugstinasanai, ka ar1 olbaltumvielu un B-glikanu satura samazinasanai kailgraudu
miezu graudos.

IzvEloties iesalu ar augstu antiradikalo aktivitati un optimalus iesala un alus
razoSanas tehnologiskos rezimus, ali tiek paaugstinats biologiski aktivo vielu saturs.

Fenolu sastava un to Tpasibu izzina$ana lauj prognozet alus biologisko vértibu,
ka arT procesus, kuru rezultata, veidojas nelabvéliga alus smarza/garSa un koloidalas
nogulsnes, kas biitiski var izmainit gatava alus kvalitati.

ZINATNISKA DARBA APROBACIJA

Pétijjumu rezultati apkopoti un publicéti monografijas nodalas, cetros
recenz&jamos zinatniskos izdevumos, kurus ir atzinusi Latvijas Zinatnes padome, un
publicés$anai iesniegts viens manuskripts.
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MATERIALI UN METODES

Pétijumu laiks un vieta

Petfjumi veikti laika posma no 2009. [idz 2012. gadam §adas iestades:

Latvijas Lauksaimniecibas universitates Partikas tehnologijas fakultate, Partikas
tehnologijas katedras Mikrobiologijas zinatniskaja laboratorija, Dr. agr. Edgara
Zubecka partikas produktu analizu laboratorija, Kimijas katedras Dabas vielu kimijas
zinatniskaja laboratorija,

LLU Lauksaimniecibas fakultates Graudu un s€klu macibu zinatniskaja
laboratorija,

LLU Agronomisko analizu zinatniskaja laboratorija,

Latvijas Universitates Biologijas instittta,

Latvijas Valsts Auglkopibas institiita,

AS ,,Aldaris” PildiSanas iecirkna laboratorija,

AS ,,Vikingmalt” Kauna, Lietuva, Graudu un iesala laboratorija.

Pétijuma izmantotie materiali

Pétijuma izmantotas divas pleék$paino miezu (turpmak teksta — pleksSnainie
miezi) Skirnes ‘Roland’ un °‘Class’ un cetras kailgraudu graudu miezu linijas
(turpmak teksta — kailgraudu miezi) — ‘PR-3528’, ‘PR-3537’, ‘PR-L-400’,
‘PR-3475’. 2011. gada linija PR—3528 registréta ar Skirnes nosaukumu ‘Irbe’, tapec
talak teksta saukta ka Skirne, nevis linija.

Petijuma tika izmantoti Cetri komerciali razoti iesalu veidi: Pilzenes, Minhenes,
gaiSais karamelu un dedzinatais iesals.

Pétijuma izmantoti granuléti apini (Humulus lupulus L.).

Alus raudz€sanai izmantots raugs Saccharomyces pastorianus.

Salidzinasanai tika analizétas mazumtirdznieciba iegadatas, dazadu razotaju
gais$a un tumsa alus Skirnes.

Iesala un alus gatavoS$anas tehnologija

Eksperimentala iesala gatavoSana notika atbilstosi klasiskai Pilzenes tipa iesala
razoSanas tehnologijai un kvalitates prasibam. lejavoSanai izmantoja inflizijas
metodi. Vienai dalai laboratorija iegiitas misas paraugiem pievienoja apinus 1g 1",
talakais paraugu sagatavoSanas process bija identisks misai varttai ar apiniem un bez
apiniem. Alus paraugu gatavoSanas tehnologija atbilst klasiskajai gai$a alus
razoSanas tehnologijai. Misas raudze$anai izmantoja alus raugu Saccharomyces
pastorianus (0,9 1hI™"). Alu filtrgja caur kartona plaksnu filtru 0,45 (um).

Péetijumu struktira

Petljuma iegiito datu interpretacijai, p&tamie paraugi Sifréti (1. tabula). Alus
iesala un alus razoSanas cikls sadalits tris etapos: miezi — iesals, iesals — misa,
misa — alus. Katrs etaps ietver tehnologiskos procesus, péc kuru veik$anas analizgja
ieglito paraugu. Etapi ir apziméti ar skaitliem (1., 2., 3...). Paraugi, kas sagatavoti no
pleksnpaino miezu Skirnes apziméti ar burtu ‘P’, bet paraugi no kailgraudu graudu
mieziem ar burtu ‘K’. Kailgraudu graudu miezu skirnes un Iiniju veids apzimeéts ar
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romieSu skaitliem (I, II, III un VI). RaZzoSanas apstaklos sagatavotie paraugi
apzim&juma satur burtu ‘R’, laboratorijas apstaklos — burtu ‘L’. Paraugi, kas satur
apinus apziméti ar mazo burtu ‘a’.

Pétijuma analiz€ti divu veidu miezu graudu paraugi — pleksSpainie un
kailgraudu —, kuri izmantoti ka izejmaterials iesala un alus raZo$anas tehnologiskaja
procesa (1. att€ls). Ptijums veikts saskana ar klasisko iesala (1), misas (2) un alus (3)
razo$anas tehnologiju.

1. tabula/ Table 1
Pétijuma analizéto paraugu apziméjumi /
Codes of analysed samples used in the reserch

= Paraugs / Sample
o \f_; = ;? Pleksnainie un
) . 2 ] _ : .y
2 Produkts / g2, Kailgraudu miezu graudi / keg:g;%ﬁ”ﬁgr;“
> ~ LL 2 -
8| = Product ES S Hull-less barley and hull-less
g1z =% barley
L [5+] B e
Q A ¢ > o/ .
S [y PR- | PR— | PR- PR- Class’ — 75%;
w A @) 3528 | 3537 | 3475 | L-400 | PR-3528 —25%
1. |Miezi / Barley P KI KII KIIT KIV —
Merceti miezi
2. | Steeped P KI KII - - -
= barley
g Diedzeti
| miezi 2
& | 3. |diennaktis / P KI | KII - - -
) Germinated
= barley, 2 days
= Diedzeti
8 miezi 4
1| 4. |diennaktis / P KI | KII - - -
o) Germinated
= barley, 4 days
Diedzéti
miezi 6
5. | diennaktis / P KI KII - - -
Germinated
barley, 6 days
6. |lesals / Malt PR* | PL** | KIL | KIIL | KIIIL | KVIL PKIL
Iejava / Mash
E g 7. 57 °C PR PL KIL - - — PKIL
EN| g |lgava/Mash| pp | pp | kL | - | - - PKIL
I 7 ]63°C
S 3 lejava 72/
s S — — —
5 = 9. Mash °C PR PL KIL PKIL
10. [Misa/Wort | PR | PL | — | — | - - PKIL
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1. tabulas turpinajums / Continue of the Table 1
= Paraugs / Sample
a g R E\ Pleksnainie un
@ . L . . kailgraudu miezu
&Hh o o .y
2 Z | Produkts/ E =, Kallgﬁﬂﬁjerglgzlilgraudl / graudi / Flaky
8 | = Product ES S y and hull-less
g1z L0 barley
Yl %y
< [} E PR- | PR- | PR- | PR- ‘Class’ — 75%;
w A @ 3528 | 3537 | 3475 | L-400 | PR-3528 —25%
11. | Varita misa ar
apiniem / 3 3 3 3
<\g . Boiled wort PRa | PLa PKILa
g EC with hopf
I Varita misa
g < bez apigiem B PL B B B 3 PKIL
k¥ S /Boiled wort
without hops
Jaunalus ar
apiniem / PRa| PLa | - | - | - - PKILa
Young beer
12 with hops
" | Jaunalus bez
apinieny/ — e | - | - | - - PKIL
Young beer
5 without hops
2 Alus ar
| apiniem / B B B 3
§ Beer with PRa | PLa PKILa
B hops
2 13. | Alus bez
T apigiem | -l | - | - | - - PKIL
< Beer without
-é’ hop
Filtréts alus ar
apiniem / B B B 3
Filtrated beer PRa | PLa PKILa
with hops
14. |Filtréts alus
bez apiniem /
Filtrated beer | PL B B B B PKIL
without hops
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1. Miezi — iesals / Barley — malt

Pleksnainie miezi / Kailgraudu miezi /
Flaky barley Hull-less barley
P(1) KLKII (1)

\/

Mercéti miezi /

Steeped barley
PKIKII (2)

J

Diedzgti miezi /
Germinated barley
P,KLKII (3;4;5)

l

lesals/ Malt

-E un C vitamins /
Vitamin E & C

-Mitruma saturs /
Moisture content

-1000 g masa / Weight per
1000 kernels

-Tilpummasa / Volume
weight

-Digtspgja / Germination

-OBV / Protein
-Ciete / Starch
-Ekstraktvielas / Extract
substances
-AA/ARA
-KFS/TPC
-Fenoli / Phenols

PR;PL;KIL:KIIL
6)

K{x—amiléze / a-amylase X

nitrogen (FAN)

of enzymes

-Brivo aminoskabju slapeklis / Free amino
-VZ 45 C (fermentu aktivitate) / activity

- Kolbaha indekss / Kolbah index
-Skistoais slapeklis / Soluble nitrogen
-Viskozitate / Viscosity

-B-glikani / f-glucans

-Diastatiskais speks / Diastatic power

Q/[odifikécija / Modification

1. att. Pétijuma struktiira 1) mieZi — iesals /
Fig. 1. Structure of the research 1) barley — malt
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2. lesals — misa / Malt — wort

1. attéla turpinajums / Continue of the Figurel

I Mitruma

Plekspaino miezu
iesals /
Flaky barley malt
PR;PL (6)

Kailgraudu
miezu iesals /
Hull-less malt
KIL:KIIL (6)

saturs /

Moisture
content

Komerciesali /
Commercial malt

A
lejava 57 C/Mash 57 C N AA/ARA
PR;PL;KIIL;PKIL (7) N 7 KFS/TPC
v A Fenoli / Phenols
Iejava 63 C/Mash 63 C A
PR;PL;KIIL;PKIL (8) A pH
Sausna /
\2
. /I\ Dry matter
Iejava72 C/Mash 72 C || STOP
PR;PL;KIIL;PKIL (9)
\Z
Misa / Wort
PR;PL;PKIL (10) E vitamins /
PRa;PL;PLa;PKIL;PKILa(11) Vitamin E

3. Misa —alus/Wort — beer
I I

Misa ar apiniem /
wortwith hops

Misa bez apiniem /
wortwithout hops
PL;PKIL(11)

PRa;PLa;PKILa(11) )

o~

Jaunalus / Young beer

AA/ARA
H

PRa;PL;PLa;PKIL;PKILa (12)
WV
Alus pirms filtracijas /
Beer before filtration
PRa;PL;PLa;PKIL;PKILa (13)
\

P
Sausna/ Dry matter

KFS/TFC
AF/IF

E vitamins
/ Vitamin E

Alus peéc filtracijas /
Beer after filtration
PRa;PL;PLa;PKIL;PKILa (14)

Alk. tilp. % /
ale.vol. %

1. att. Pétljjuma struktiira 2) iesals — misa un 3) misa — alus /
Fig. 1. Structure of the research 2) malt — wort and 3) wort — beer
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P&étljuma noteiktie raditaji un lietotas metodes
Miezu un iesalu paraugu analiz€ém izmantotas metodes apkopotas 2. tabula.

2. tabula / Table 2

MieZu un iesalu paraugu analizém izmantotie standarti' un analizu metodes /
Standards and analytical methods used for analysis of barley and malt

Nr. p. k./ Raditaji / Standarts, metode /
No Indices Standard, method
1. Olbaltumvielas / Protein Ekspress metode; EBC 4.3.1.
2. Kolbaha indekss / Kolbach index EBC4.9.1.

Skistogais slapeklis /
3 Soluble nitrogen EBC4.9.1.
4. Ciete / Starch Ekspress metode
5. Tilpummasa / Volume weight Ekspress metode
6. B-glikani / f-glucane Ekspress metode; EBC 4.16.2.
7. Mitruma saturs / Moisture content | LVS 272:2000; EBC 4.2.
8. Ekstraktvielas / Extract substances | EBC 4.5.1.
1000 graudu masa / )
o Weight per 1000 grains 150 520:2010
10. C vitamins / Vitamin C EN 14130:2003
11. E vitamins / Vitamin E AOAC 971.30
_ . .. EBC standarts, metode
12. Graudu digtsp&ja / Germination 359:1997
Kopgjo fenolu saturs /
13. Total phenolic content Dorman et al., 2004.
Antiradikala aktivitate /
14. Antiradical activity Zhao et al., 2008.
15 Atseviskie fenoli / AESH / HPLC
’ Individual phenols Ozkan, Baydar, 2006.
16. Viskozitate / Viscosity EBC 8.4.
17. VZ 45 °C / Activity of enzyms LP Research center methods
Brivo aminoskabju slapeklis /
18. Free amino nitrogen (FAN) EBC 4.10.
19, Dl.aStatI.SkaIS speks / EBC 4.12.
Diastatic power
20. o-amilaze / a-amylase EBC 4.13.
21. Modifikacija / Modification EBC 4.14.

1 Lvs 272: 2000 (ISO 520:2010); LVS EN 14130:2003 [Skafits 23.05.2011.] Pieejams / Available:

https://www.lvs.lv/

AOAC Official Method 971.30 a-Tocopherol and a-Tocopheryl Acetate in Foods and Feeds Colorimetric

Method [Skatits 06.12.2009.] Pieejams/ Available: http.//'www.aoac.org/omarevi/971_30.pdf
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http://www.aoac.org/omarev1/971_30.pdf

Iejavas, misas un alus paraugu analiz€m izmantotas metodes apkopotas 3. tabula.

3. tabula / Table 3

Iejavas, misas un alus paraugu analizém izmantotie standarti’ un analizu metodes /
Standards and analytical methods used for analysis of mash,

wort and beer samples
Nr. p. k./ Raditaji / Standarts, metode /

No Indices Standard, method

1. pH LVS 1132: 2001

2. Sausna / Dry weight I'OCT 12787-81

3. E vitamins / Vitamin E AOAC 971.30
Kopégjo fenolu saturs /

4 T otlzzljphenolic content Dorman et al., 2004.

5. Antiradikala aktivitate / Zhao et al., 2008.
Antiradical activity

6 Atseviskie fenoli / AESH / HPLC

) Individual phenols Ozkan, Baydar, 2006.

7. Istais ekstrakts / Real extract I'OCT 12787-81

3. Alkohola saturs, tilp. % / FOCT 1278781
alc.vol.%

Datu matematiska apstrade veikta ar matematiskas statistikas metodém.
Aprekini veikti ar MS Excel programmu un SPSS 17.0. statistikas programmu.
Izvirzitas hipotézes parbauditas ar p-vértibas metodi, un faktori novértéti ka butiski,
ja p-vertiba <oy gs. Rezultatu interpretacijai piepemts, ka 0=0,05 ar 95% ticamibu, ja
nav noradits citadi. Datu apstradé vispirms ar divfaktoru dispersijas analizi (ANOVA)
tiek izverteta divu dazadu faktoru mijiedarbibas ietekme. Izvertéjot dazadu pazimju
savstarpgjo kopsakaribu, izmanto korelacijas un regresijas analizi. Darba izmantota
hierarhijas klasteru metode, ar kuras palidzibu var klasificét datu kopu apakSgrupas
jeb klasteros. Katra klasterT tiek apvienoti savstarp&ji viscieSak saistitie objekti.
Metode izmantota komerciali razotu alus paraugu klasificéSanai péc pamatraditajiem
(alkohola satura, 1sta ekstrakta un sausnas satura pirmmisa).

2 LVS 272: 2000 (ISO 520:2010); LVS EN 14130:2003 [Skatits 23.05.2011.] Pieejams / Available:
https://www.lvs.lv/ . AOAC Olfficial Method 971.30 a-Tocopherol and a-Tocopheryl Acetate in Foods and

Feeds

Colorimetric Method [Skatits

http://www.aoac.org/omarevi/971_30.pdf
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PETIJUMA REZULTATI UN DISKUSIJA

1. Miezu fizikali-kKimisko parametru un endogéno antioksidantu
satura izvertéjums

Iesala razoSana svarigakie graudu kvalitates raditaji ir olbaltumvielu un
ekstraktvielu saturs graudos. Optimalais olbaltumvielu saturs iesalam paredzg&tajos
graudos ir 9—11,5%. Olbaltumvielas spgj saistit tideni un radit noturigus koloidalus
Skidumus. Temperatiiras un citu apstaklu ietekmé olbaltumvielas zaudé sp&ju skist
fideni un veido nogulsnes, tadel alus gatavosanai nav piemé&rotas miezu $kirnes ar
augstu olbaltumvielu saturu. Miezu piemérotibu iesala razoSanai raksturo arl
ekstraktvielu saturs graudos. Iesala jabit vismaz 80% ekstraktvielu. Tas ir vielas, kas
viegli pariet cukuros fermentu un skabju ietekmé”.

Analizgjot iegiitos datus (4. tabula), talakiem pé€tjjumiem tika izmantota
pleksnaino miezu $kirne ‘Class’ (P), jo taja ektraktvielu un cietes saturs ir augstaks
neka skirnes ‘Roland’ graudos. No kailgraudu miezu paraugiem tika izveleta Skirne
‘Irbe’ (KI), kurai ir zemaks olbaltumvielu saturs neka Ilmijam ‘PR-3475’ un
‘PR-L-400 un augstaks ektraktvielu un cietes saturs neka pargjiem kailgraudu
graudu miezu paraugiem. Otrs lielakais ekstraktvielu saturs ir lnijai ‘PR—3475’
salidzinot ar pargjam kailgraudu graudu Skirném, tapéc to ari izvélgjamies talakiem
pétijumiem, neskatoties uz paaugstinato olbaltumvielu saturu.

4. tabula / Table 4
MieZzu $kirpu un Iiniju atlases parametri /
Selection parameters of barley varieties and lines

Apzimé- Ektraktvielas / .
Miezi / Barley jums/ Prf))tSi\r( /% Extract Stca:rf:]e {7/0
Code ' substances, % '

Kailgraudu |“Irbe’ KI [12.60+0.10| 85.37+0.24 |63.77+0.06
miezu graudi [pR—L-400 - 14.60 +0.38 | 84.45+0.24 |63.90+0.95
/ Hull-less  [pR_3475 — [1450+023] 85.12+0.12 |62.60=0.60
barley PR—3537 KII |12.50£020| 84.58+028 |63.70+0.18
PlekSpainie |, ,

miezi / Flaky | C1ass P 11.01£0.01| 80.61+0.34 [62.77+0.15
barley ‘Roland’ — 11.51+040| 80.04+0.04 [62.10+0.84
“Prasibas alus mieziem / ~ | max11.50 | min80.00 |62.00-65.00
Requirements for beer barley

* kvalitates prasibas mieziem Pilsener tipa iesala razo$anai / Qualitative indices of barley for Pilsener malt

production

3y
Miezu

graudi

iesala

razo$anai

hitp://www.graudi.info/graudi/text?page=graudi

[Skatits
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23.04.2013.]

Pieejams / Available:
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Vislielako ieguldijumu graudu antiradikalaja aktivitateé dod tajos esoSie
bioaktivie, sekundarie metaboliti ka fenoli (Zhao et al., 2008). Kopgjais fenolu saturs
miezos ir atkarigs no Skirnes, veida un augSanas apstakliem. Dazados razas gados
pétitajos miezu paraugos kop€jo fenolu saturs svarstas robezas no 113,87 lidz
227,95 mg GAE 100 g' kailgraudu miezu KI un KII sausnd un no 181,04 lidz
216,04 mg GAE 100 g pleksnaino miezu P sausna (2. attéls). legitie dati ir lidzigi
citu autoru pétijumu rezultatiem: 132—-196 mg GAE 100 g sausnas (Liu, Yao, 2007),
103-187 GAE 100 g sausna (Zhao et al., 2006), 50-196 mg GAE 100 g"' sausna
(Fardet et al, 2008), ka ari kailgraudu mieziem 70110 mg GAE 100 g" sausna
(Dvorakova et al., 2008).

Analizgjot 2010. un 2011. gadu miezu graudu razu, var secinat, ka plekspaino
miezu paraugam P ir lielaks kopgjo fenolu saturs neka kailgraudu graudu mieziem KI
un KII (2. attéls). 2009. razas gada kailgraudu miezu paraugi KI un KII satur lielaku
fenolu daudzumu ka pleksnaino miezu paraugs P. Bitiskas (p<0,05) kopgjo fenolu
satura atSkiribas dazados razas gados vienam un tam paSam paraugam iesp&jams
skaidrot ar augSanas apstaklu atskiribam, ka arT ar izmantota seklmateriala 1pasibam.
Vienadi klimatiskie apstakli nenodrosina Iidzigu kop&jo fenolu saturu dazadiem
mieziem. Dvorakova et al., (2008) savos p&tijumos apgalvo, ka kop&jo fenolu saturs
miezos nav saistits ar grauda pleksnes esamibu vai trikumu. Kopgjo fenolu saturu
miezos nosaka s€klmateriala fizikali-ktmiskie raditaji, klimatiskie un agrarie apstakli.
Miezu veids — kailgraudu vai plekSnainie — nav noteicosais faktors kopg€jo fenolu
saturam.

250 77722795 22551
> 216.04
a 206.79 I
8200 - sL.04
3
3
o 141.68
oD A |
g 10 12?_[.96 I
S 18.11
13.87

u I I
G100 - |
o
€
g
F 50 - —
w
L
¥

0 - T T 1

KI(1) KII(1) P(1)

H2009 2010 ®2011

2. att. Kopéjo fenolu saturs (KFS) mieZos dazados razas gados,
mg GAE 100 g sausnas /
Fig. 2. Total phenolic content (TPC) of barley by different harvested years,
mg GAE 100 g~/ DW
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No fenolu savienojumiem miezos noteikti: benzoskabes, kanglskabes
atvasinajumi un flavanolu grupas savienojumi. Apskatot benzoskabes atvasinajumu
grupu kopuma, kailgraudu mieZu paraugi satur par 0,118-0,209 mg 100 g vairak
benzoskabes atvasinajumu neka pléksnainie miezi P. Visiem analiz€tajiem mieZu
paraugiem galluskabe netika konstatgta.

Kailgraudu miezu paraugiem KI un KII ir batiski (p<0,05) lielaks kopgjo
kang]skabes atvasinajumu saturs, kas ir pretruna ar Holtekjolen ef al. (2006)
petijumu, kura lielaks kop€jo fenolu saturs ir plekSpaino miezu paraugiem. Tas
skaidrojams ar paraugu genotipu un kailgraudu miezu selekcijas merkiem, ka arT ar
atSkirigu paraugu ekstrakcijas metodi. No kang&lskabes atvasinajumiem kafijskabei
piemit augstaka antiradikala aktivitate neka ferulskabei (Holtekjolen et al., 2006).
Tacu pétijumam izmantotajai plék$paino alus miezu Skirnei P kafijskabe netika
konstateta. Sinapinskabe netika identificéta neviena no analiz€jamiem paraugiem. Ta
pcc satura ir vismazaka fenolskabe visa iesala un alus razoSanas procesa, bet
kvalitativi dod lielaku ieguldijumu antiradikalaja produktu aktivitaté salidzinajuma ar
vairak parstaveétajam fenolskabeém (Szwajagier, 2009). Abos kailgraudu miezu
paraugos domingjosa fenolskabe ir kafijskabe: 2,465 mg 100 g un 4,4 mg 100 g
sausnas atbilstosi $kirngé KI un linija KII. ST fenolskabe ari nosaka kopgjo
kang]skabes atvasinagjumu summas parsvaru salidzinajuma ar plekSpaino miezu
paraugu P. p-kumarinskabe vairak koncentrgjas miezu grauda argja dala neka
ferulskabe (Renger, Steinhart, 2000). Sis apgalvojums ir saskana ar pétfjumu, kur
pleks$naino miezu sastava p-kumarinskabe parsniedz ferulskabes saturu. Ari
kailgraudu mieziem ir novérojams 2,7 lidz 4,4 reizes lielaks p-kumarinskabes neka
ferulskabes saturs, kaut gan kailgraudu miezi nesatur pléksnes.

Flavanolu saturs gendtiski ir atkarigs no miezu veida. PlekSnainos miezos
flavanolu ir mazak neka kailgraudu miezos (Holtekjolen et al., 2006). Iegitie
rezultati saskan ar iepriekSmingto pétijumu. Plekspainiem mieziem P flavanolu saturs
ir par 1,347 mg 100 g sausnas mazak neka kailgraudu miezu Iinijai KII un par
1,983 mg 100 g sausnas mazak neka kailgraudu miezu $kirnei KI. Domingjosais
flavanols visos analiz€tajos mieZu paraugos ir katehins, bet epikatehina daudzums ir
relativi neliels. Tiesi flavanolu grupas parstavji, ieskaitot katehinus, ir savienojumi,
kas alus gatavoSanas un uzglabasanas laika kopa ar olbaltumvielam veido alus
nogulsnes (Nack, Shahidi, 2006). Tapéc aldari dod priekSroku miezu Skirném ar
mazaku flavanolu grupas savienojumu saturu.

Antiradikalas aktivitates novertéSanai miezu graudos, dazadi miezu paraugi tika
analiz€ti un salidzinati péc to sp&jas reagét ar 2,2-difenil-1-pikrilhidrazil- radikali.
Antiradikala aktivitate miezu graudos, tapat ka kop&jo fenolu saturs, var svarstities
plasa amplitida, ko ietekm& dazadi argjie faktori (Skirne, augSanas apstakli).
Antiradikala aktivitate vienai un tai paSai miezu Skirnei dazados razas gados ir
bitiski (p<0,05) atskiriga. Miezu veids — kailgraudu vai pleksnainie — nav noteicosais
faktors antiradikalas aktivitates veidoSana. Tacu, neskatoties uz atSkiritbam, visi
analiz€jamie paraugi uzradija nozimigu sp&ju reaget ar DFPH radikali.
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Diedze$anas laika, endospermas fizikali-ktmisko modifikaciju rezultata,
sintez€jas bioaktivas vielas (Sharma, Gujral, 2010), taja skaita arT1 C un E vitamini.
Petijjumi par C un E vitaminu satura dinamiku iesala gatavoSanas laika veikti
laboratorijas apstaklos sagatavotiem iesaliem — PL(6), KI(6) un KII(6).

P&étijuma analizéts E vitamina saturs sakot no neapstradatiem graudiem lidz
gatavam iesalam (3. attéls) (etapu apzim&jumu skatit 1. tabula). Miezos E vitamina
saturs nav batiski  atSkirigs visiem p€tamajiem paraugiem (p>0,05).
P&c Briggs (1998) pétijuma datiem mieZi satur 2,1-5,2 mg 100 g sausna E vitaminu
un iegdtie rezultati ir saskana ar doto petijumu.
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days germinated barley; 4 — Diedz&ti miezi 4 diennaktis / 4 days germinated barley; 5 — Diedzeti miezi 6
diennaktis / 6 days germinated barley,; 6 — lesals / Malt

3. att. E vitamina izmainas laboratorijas apstaklos gatavota iesala,
mg 100 g sausnas /
Fig. 3. Changes of vitamin E during malt production in laboratory scale,
mg 100 g'DW

Visintensivaka E vitamina sintéze notiek diedzéSanas sakumposma — péc
2. diennakts. E vitamina saturs P miezos pieaug 1,75 reizes un abos kailgraudu miezu
paraugos 1,6 reizes salidzinagjuma ar mércétiem graudiem, kas norada uz spraigu
augSanas procesu, kura rezultata notiek intensivas biokimiskas reakcijas. E vitamina
saturs samazinas visos kaltetos diedz&tu graudu paraugos. P miezu parauga 2,7 reizes
(5,33 mg 100 g), KII parauga 3,1 reizi (5,28 mg 100 g) un KI parauga 3,6 reizes
(5,04 mg 100 g salidzinajuma ar paraugiem péc 6 diedzésanas dienam. Kailgraudu
miezu paraugos E vitamina samazinajums ir lielaks neka plekSnaino miezu Skirnei,
kurai pleksne, iesp&jams, kalpo ka vairogs, mazinot bioaktivo vielu termosabrukumu
karsta gaisa ietekm@. Vitamina E stabilitate ir atkariga no kalt€Sanas laika, metodes
un produkta ktmiska sastava (Ball, 2006). Diedzgjot graudus, veidojas asni, kas satur
lielako dalu no E vitamina, bet analiz&jot iesalu asni tiek atdaliti.
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6 diennaktis / 6 days germinated barley, 6 — lesals / Malt

4. att. C vitamina izmainas laboratorijas apstaklos gatavota iesala,
mg 100 g sausnas /
Fig. 4. Changes of vitamin C during malt production in laboratory scale,
mg 100 g DW

C vitamins nav konstatets miezu graudos, ta sint€ze sakas graudu diedz€Sanas
laika (Briggs ef al., 1981), ko paradija arT pétijuma iegltie rezultati (4. attéls).
C vitamins sak sintez€ties miezu mercésanas laika idens vide. Tas saistits ar mitruma
satura pieaugumu graudos, kas kalpo ka pozitivs faktors fermentu aktivizeSanai.
C vitamina sint€ze turpinas visa graudu aktiveSanas laika, ko konstatgjusi art citi
autori (Rakcejeva, Skudra, 2006). C vitamins piedalas sarezgitaja augu augSanas
modulacija, ieskaitot agrinas embrija digSanas stadijas (Plaza et al., 2003).

Maksimalais C vitamina saturs ir sasniegts 4. diedzESanas diend un tas ir
palielinajies par 2,5; 1,6 un 2,5 reizém salidzinadjuma ar C vitamina saturu
diedzgsanas sakuma, attiecigi P, KII un KI miezu paraugos. Bitisks C vitamina
satura samazinajums ir novérots péc 6.diedz&sanas dienas, kas skaidrojams ar to, ka
graudu vielmaina, dzivibas procesu nodroSinasanai (augSanai un attistibai) tiek
pateréts C vitamins (Ball, 2006). C vitamina noardiSanas turpinas ari graudu
kaltesanas laika. C vitamins nav izturigs augstas temperatiiras un skabek]a iedarbiba
(Briggs, 1998; Pokorny ef al., 2001) un kaltéSanas laika visos paraugos samazinas
1,3 reizes.
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2. lesala bioaktivo vielu izvértéjums un razo$anas tehnologijas ietekme uz
antioksidantu satura izmaipam

Visos analiz€jamos paraugos kop€jo fenolu satura palielinagjums iesala
salidzino$i ar neapstradatiem miezu graudiem ir butisks (p<0,05). Atkariba no razas
gada, plekSpainiem mieziem P iesala gatavoSanas laika kop€jo fenolu satura
palielinajums ir no 43 lidz 65%. Kailgraudu miezu $kirnei KI tas ir no 40 Iidz pat
89%, bet Imnijai KII kop&jo fenolu saturs iesala gatavoSanas laika palielinas par
29-78% (5. attels). lesala gatavoSanas laika grauda norisinds dazadas
fizikali-kimiskas un biokTmiskas izmainas, ta rezultata kop€jo fenolu saturs butiski
paaugstinas (Lu ef al., 2007). Dvorakova ef al. (2008) So paaugstinajumu skaidro ar
saistito fenolu atbrivoSanos fermentu iedarbibas rezultata, ka ari ar kaltéSanas
temperatiiru ietekmi, kam piekrit arT Maillards, Bersets (1995). Kopgjo fenolu saturs
ir atkarigs no $kirnes nevis no miezu veida — kailgraudu vai pléks$nainie mieZzi.

Lidziga tendence tika konstatSta arT §aja p&tijjuma.
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5. att. Kop€jo fenolu saturs mieZos un attiecigaja iesala dazados razas gados,
mg GAE 100 g sausnas /

Fig. 5. Total phenolic content of barley and corresponding malt by different
harvested years, mg GAE 100 g™ DW

Iesala fenolu savienojumi ir vairak neka miezos, bet proporcijas starp grupam
paliek Iidzigas. Tas izskaidrojams arT ar to, ka labaku flavanolu un fenolskabju
ekstrakcija iesp&ama pateicoties grauda endospermas modifikacijai kalte€Sanas
procesa ietekme (Maillard et al., 1996).
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P&étamajos kailgraudu miezu paraugos ka domingjosie fenoli ir katehini un
kafijskabe. Lidzigas atsevisko fenolu izmainu tendences noverotas arl iesala
gatavoSanas laika no kailgraudu miezu linijas KII. Katehinu saturs KIIL iesala
parauga, atskiriba no KIL parauga, palielinas iesala gatavosana. Kailgraudu miezu un
iesala paraugos KI un KIIL ir lieclaka katehinu koncentracija neka pleksnaino miezu
parauga P. legiitie rezultati ir [idzigi ar Dvorakova ef al. (2008) p&tijumiem.

Plekspaino miezu P atsevisku fenolu savienojumu izmainas iesala ir lidzigas
kailgraudu miezu izmainam Saja procesa, ar iznp@mumu P miezu parauga, kura
sakotngji netika konstat€ta kafijskabes klatbaitne. Iegiistot iesalu, tas saturs bija
1,430 mg 100 g'.  Kafijskabe kopa ar hinskabi veido  hlorogénskabi
(Cuvelier et al., 1992) un iesp&jams, tiesi §T savienojuma veidoSanas dg] ta sakotngji
miezos netika konstatéta. Kvantitativi mazak parstavétie fenolu savienojumi visos
iesala paraugos ir epikatehini un p-hidroksibenzoskabe.

Sinapinskabes saturs kailgraudu miezu iesalos ir vismazakais. KIL iesals satur
0,105 mg 100 g' sausna, bet KIIL iesals satur tikai 0,055 mg 100 g" sausna.
P parauga ne iesala, ne mieZos ta netika konstatéta, kas var biit pamatojams ar Skirnes
ipatnibam. Gatavam iesalam antiradikalas aktivitates nozimigs piecaugums noverots
visos petamajos paraugos (6. attels).
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6. att. Antiradikala aktivitate mieZos un attiecigaja iesala daZados razZas gados,
pmol TE 100 g sausnas/
Fig. 6. Antiradical activity of barley and corresponding malt by different harvested
years, pmol TE 100 g™* DW
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P&tjjuma izmantotais pleékSpaino miezu iesala paraugs P tika salidzinats ar
komerciali razotiem iesala paraugiem, kuru galvena tehnologiska atskiriba ir
kalteSanas temperatiira. ‘Class’ un ‘Pilzenes’ iesali ir gaiSie iesali, tie kalt&ti 70-80 °C
temperatiira. ‘Minhenes’ iesals tiek klasificéts ka tumsSais un ta kalt€Sanas
temperatiira ir 105 °C. Karamelu un dedzinatais iesals ir specialie iesali, kas
nodroSina alum specifisku tumsu krasu un ipasu aromatu. To kalt€Sanas temperatiiras
sasniedz atbilsto§i 150 °C un 230 °C. Antiradikala aktivitate palielinas lidz ar
temperatiiras paaugstinasanu un mitruma satura samazinaSanos. Identiskus rezultatus
sava petfjuma ieguva ar1 Inns et al. (2007), pamatojot, ka kalt€Sanas rezims bitiski
ietekmé gan antiradikalo aktivitati, gan krasu gala produkta. KalteSanas temperatiiras
paaugstinasana identiski ietekmé€ arT kop€jo fenolu saturu komerciali raZotos iesalos.

3. Iejavosanas un misas vari§anas procesa ietekme uz antioksidantu saturu

Analiz€jamo iejavu un misas varijumu kopgjo fenolu satura dinamika paradita
7. attela, kur kvantitativas kopgjo fenolu atskiribas ir butiskas (p<0,05), bet izmainu
tendence visos varfjumos ir lidziga.
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*Etapi / Steps: 7 — Iejava / Mash 57 °C; 8 — Iejava / Mash 63 °C; 9 —Iejava / Mash 72 °C; 10 — Misa /
Wort; 11 — Varita misa ar apiniem / Boiling wort with hop
7. att. Kopejo fenolu satura dinamika iejavoSanas un misas varisanas
laika, mg GAET" /
Fig.7. Dynamics of total phenolic content during mashing and wort
boiling, mg GAE I

Kopgjo fenolu saturs iejava palielinas pakapeniski, paaugstinoties iejavosanas
temperatirai [1dz 78 °C. Kopgjo fenolu satura palielinagjumu var veicinat fenolu
atbrivoSana no kompleksiem savienojumiem un izskiSana, ko ietekmé hidrolitiskie
fermenti un ekstrakcija tdeni (Vanbeneden et al, 2008b). Nozimigs fenolu
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savienojumu palielindjums iejavoSanas laika ir noverots arl Fumi et al. (2011) un
Pascoe et al. (2008) pétijumos.

Iejavu filtrgjot 78 °C temperatiira un iegiistot misu, konstatéts butisks (p<0,05)
kopgjo fenolu satura samazinajums visos paraugos. OksidéSanas, sadaliSanas un
strauja olbaltumvielu-polifenolu kompleksu veidosanas dal&ji izskaidro kopgjo
fenolu satura samazinajumu augstds iejavoSanas temperatiras  (Aron,
Shellhammer, 2010). Tom@r janem v&ra skalojamo udenu pienesums iejavas
filtracijas laika, ka rezultata strauji palielinas tidens un ektraktvielu attieciba.

Misas variSanas laika kopgjo fenolu saturs biatiski paaugstinas (p<0,05).
Pleksnaino miezu paraugiem PR un PL kopgjo fenolu satura palielinajums misas
variSanas laika sastada attiecigi 11% un 53%, bet PKIL misas kop€jo fenolu saturs
paaugstinas par 53%. Fenolskabém ir svariga loma misas un alus kop&jo fenolu
satura veidosana, kas savukart dod ievérojamu pienesumu to antiradikalaja aktivitate
(Fantozzi et al., 1998).

Benzoskabes atvasinajumi. Ne miezos, ne iesala paraugos netika identificéta
galluskabe, tacu visa iejavoSanas un misas varisanas procesa ta ir domin€josa no
benzoskabes atvasinajumiem visos pétamajos paraugos. Galluskabes dinamika
iejavoSanas un misas variSanas laika visiem iejavas un misas paraugiem ir lidziga
(8. attels).
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8. att. Galluskibes dinamika iejavoSanas un misas variSanas laika, mg I /
Fig.8. Dynamics of gallic acid during mashing and wort boiling, mg I/
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Ir atrasta vidgji cieSa korelacija (r=0,607) starp kopgjo fenolu saturu un p&tamo
benzoskabes atvasinagjumu saturu (taja skaita — vanilinskabe, cerinskabe un
p-hidroksibenzoskabe) visiem paraugiem iejavosanas laika. Ir pamats uzskatit, ka
galluskabe, ka domingjosa no benzoskabes atvasinajumiem, nozimigi ietekmé kop€jo
fenolu satura dinamiku.

Kanélskabes atvasinajumi. Kanglskabes atvasinajumi raksturojas ar lielaku
antiradikalo aktivitati neka benzoskabes atvasinajumi (Holtekjolen et al., 2006),
tap&c §1 grupa uzskatama par svarigaku kvalitates raditaju miezu, iesala, misas un
alus antioksidativaja novertgjuma. No kanglskabes atvasinajumiem kafijskabe un
ferulskabe konstatéta nozimiga daudzuma gan iejavas, gan misas paraugos.

Kailgraudu miezu iesala KIIL un PKIL iejava ferulskabes (9. att€ls) saturs visos
posmos ir mazaks neka plek$naino miezu iesala PR un PL iejavu un misas paraugos.
Ferulskabes diapozons dazados misas paraugos var biit loti liels, tas skaidrojams ar
iesala un Udens attieclbu un dazadam iesala partijam (Szwajgier,
Bancarzewska, 2011). Visa iejavosanas laika ferulskabes saturs plék$paino miezu
iesala iejavas var pieaugt lidz pat 275%, PKIL iejava lidz 142%, bet kailgraudu
miezu iesala iejava par 75%. P&c Szwajgier, Bancarzewska (2011) datiem, ferulskabe
butiski samazinas misas variSanas laika, tacu dotais ferulskabes satura samazinajums
pret ferulskabes paaugstinajumu iejavosanas laika ir niecigs.
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Wort; 11 — Varita misa ar apiniem / Boiling wort with hop
9. att. Ferulskabes dinamika iejavoSanas un misas vari§anas laika, mg 1" /
Fig.9. Dynamics of ferulic acid during mashing and wort boiling, mg I"*

Flavanoli. Tresa svarigaka fenolu savienojumu grupa, kas parstavéta iesala un

alt ir flavanoli, no kuriem domingjoSie ir monoméru forma sastopamie katehini
(10. attels). IejavoSanas laika, Iidz ar temperatiiras paaugstinasanos, palielinas art
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katehinu saturs visos paraugos, bet péc parcukurosanas pauzes 72 °C temperatiira
(9. etaps) un iejavas filtracijas, to saturs sak samazinaties visos paraugos.
Proantocianidinu, katehinu un epikatehinu oksidéSanas nozimigi ietekmé alus
nogul$nu veidosanos (Kaneda et al, 1990). Misas variSanas laika izgulsngjas
nozimigs epikatehinu un katehinu daudzums, veidojot kompleksus savienojumus ar
koagulgjosam olbaltumvielam. Katehinu samazinajums misas variSanas laika ir

batisks (p<0,05) visos paraugos (10. attels).
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10. att. Katehinu dinamika iejavo$anas un misas vari§anas laika, mg I /
Fig. 10. Dynamics of catechin during mashing and wort boiling, mg | *

Plekspaino miezu iesala PR un PL misas paraugiem katehinu satura
samazinajums ir lielaks attiecigi 43 un 47%, bet PKIL misai 35%. Visa iejavoSanas
procesa pleksnaino miezu paraugam PR katehinu saturs pieaug par 122%, bet
PL paraugam par 107%, bet PKIL paraugam samazinas par 12% salidzinajuma ar
sakotngjo saturu 7.etapa.

Antiradikala aktivitate pieaug visa iejavosanas laika, iznemot kailgraudu miezu
iesala iejavu KIIL (11. att€ls). Iegiitais rezultats saskan ar Pascoe et al. (2003) veikta
pétfjuma rezultatu. Fenolu savienojumu atbrivoSana un Mailarda reakcijas produktu
veidoSanas pamato antiradikalas aktivitates paaugstinasanos iejavoSanas laika.

P&c parcukurosanas pauzes 72 °C temperatiira un iejavas filtracijas noverojams
strauj$ antiradikalas aktivitates samazinajums visos paraugos, attiecigi no 17-45%
pleksnaino miezu iejavas paraugiem PR un PL un 17% PKIL iejavas paraugam. Tas
skaidrojams ar drabinu skalojamo tGidenu atSkaidisanas pakapi.

Antiradikalas aktivitates pieaugums par 7-143% plekspaino miezu PR un PL
misai un 14% PKIL misai variSanas laika ar apiniem p&c Vanbendena (2008b)
domam ir uz misas variSanas rékina. Bet Zhao, Zhao (2011) ir izpétijusi, ka
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antiradikalas aktivitates paaugstinasanas misas varisanas laika viennozimigi ir saistita
ar Mailarda reakcijas produktu veidoSanas procesiem.
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11. att. Antiradikalas aktivitates dinamika iejavoSanas un misas variSanas
laika, pmol TE "'/
Fig. 11. Dynamics of antiradical activity during mashing and wort
boiling, pmol TE I™*

Kailgraudu iesala neparcukurosanas iemesli.
Lai izskaidrotu kailgraudu miezu iesala iejavas neparcukuro$anas iemeslus tika

veikta pilna fizikali-kimiska analize iesala paraugiem. legitie rezultati apkopoti
5.tabula.

Iejavas parcukurosanas pauzes laika fermenti o- un B-amilazes skel cieti glikozg,
maltoz€, maltotriozg, dekstrinos u.c., kas pariet ekstraktda — misa un ir viegli
parraudzéjama, veidojot etilspirtu un oglskabo gazi. Abos kailgraudu miezu graudu
paraugos KIL un KIIL a-amilazes aktivitate ir nepietiekosSa, attiecigi 15 un 25
dekstrinu vienibas (DU). Agu et al. (2008) un Bhatty (1996) savos pétijumos
konstat&jusi, ka kailgraudu miezu Skirn€m ir vid&ji par 10-25% zemaka a-amilazes
aktivitate ka plekSnainiem mieziem.
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5. tabula / Table 5
Iesalu fizikali-kimisko parametri /
Physical-chemical parameters of malt

Nr./ s Mérvieniba / Paraugs* / Sample Norma*/
No. | Raditajs/Parameters Units PR PL | KIL | KIL Rate
1. f;;g‘;‘;zgas [ Extract % 81.0 | 809 | 815 | 82.7 | 80.0-83.0
2. f,‘ll;trr";ct?u s tlf‘n‘ll‘: / min 20 45 45 | 50 15-60
3. | OBV /Protein % 112 | 109 | 150 | 143 | 95125
4. E‘O’}ch‘z ;‘;gziss / % 36 38 32 31 35-45
5. ggzg’;afi;f‘gfhs / % 065 | 068 | 077 | 072 | 0.55-075
6. | Viskozitate / Viscosity mPa.s 1.4 1.6 29 | 29 1416
VZ 45 °C, fermentu
7. | aktivitate / Activity of % 345 | 275 | 249 | 227 | 28.0-42.0
enzyme
g, | Pelikani/ mg I 145 438 697 | 680 0-220
S-glucane &
Brivo aminoskabju
9. slapeklis / Free amino mg 1! 136 149 161 152 130-190
nitrogen (FAN)
10. B}zzttft‘fck;‘;;epfks / WK 272 | 249 | 218 | 229 | 250-350
11 Zznmlﬂzzi/ DU 57 30 25 15 30-70
12. %g;;gf;;g: / % 93 68 45 32 80-100

*2012.gada raza / harvest year 2012

Autori arT pielauj iesp&ju, ka kailgraudu miezi iesala gatavoSanas laika var
sasniegt liclaku a-amilazes aktivitati, ja tie tick selekcionéti jau ar $adu mérki. Ari
diastatiska speka raditajs, kas raksturo fermentu sp&ju parveidot cieti, iesala paraugos
KIL un KIIL ir zemaks neka pleksnaino miezu iesala paraugos PR un PL un starpiba
sastada 28—65%. Saskana ar Bhatty (1996) petjjuma rezultatiem arT kop&jo fermentu
aktivitates raditajs VZ 45 °C neatbilst Pilzenes tipa iesala prasibam. Pargjie ieguto
raditaju neatbilstoSie rezultati tiesi neietekme parcukurosanas procesu.

4. Kopéjo fenolu saturs alii péc raudzesanas, noguldiSanas un
filtracijas procesiem

Visos analiz€tajos paraugos galvenas raudz€Sanas laika kopgjo fenolu saturs
butiski nemainas (p>0,05) (12. attels). Talaka noguldiSanas procesa 4 °C temperatiira
PKILa un PLa parauga noveérots kop&jo fenolu satura palielinajums, turpretim PRa

4
European brewery convention 18th standard malt, Issued by the Analysis Committee-November 2011
[Skatits: 12.08.2013] Pieejams / Available:
http.//www.europeanbreweryconvention.org/PDF/AC%2018th%20EBC%20standard%20malt%20FV.pdf
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parauga biitiskas izmainas nav noverotas (p>0,05), kas norada uz neviennozimigu
kopgjo fenolu satura izmainu tendenci jaunalus noguldiSanas laika. Ilgstosa
noguldiSanas procesa notiek kimiskas un biokimiskas reakcijas, kuras ietekmé gatava
alus kvalitates raditajus (Kunce, 2003).

Filtracijas process samazina kopé&jo fenolu saturu aldi. Vislielakais samazinajums
(12%) konstatets alus paraugam PRa, bet alus paraugiem PLa un PKILa kopgjo
fenolu saturs samazinas attiecigi par 9% un 5%.

Etapa misa — alus kopgjas fenolu satura izmainas nav viennozimigas. PRa
paraugam kopgjo fenolu saturs samazinas par 22%, bet par 13% palielinas PLa
paraugam un par 3% palielinas PKILa paraugam. Laboratorija sagatavoto alus
paraugu kopgjo fenolu satura bilance misas raudzéSanas un filtracijas laika nav
butiska (p>0,05), bet PRa paraugam fenolu satura samazinajums ir biitisks (p<0,05).
Kopgjo fenolu satura samazinajumu misas raudzeéSanas un filtracijas laika sava
pétijuma konstat&jusi Fumi ef al. (2011) un Leitao et al. (2012), ka arT piebilst, ka
fenolu savienojumiem ir svariga loma fizikalo un tehnologisko procesu norisé alus
gatavoS$anas laika, jo tie var nelabvéligi ietekm@t putu stabilitati, alus fizikali-kimisko
stabilitati un uzglabasanas laiku.
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Fig. 12. Dynamics of total phenolic content during fermentation, maturation and
filtration, mg GAE I

Benzoskabes atvasinajumi. Tapat ka iejavoSanas un misas varisanas laika arT alus
raudzeSanas procesa galluskabe ir domingjosa fenolskabe, kas parstav benzoskabes
atvasingjumus (13. att€ls). Tas saturs PKILa misa samazinas visa raudz&Sanas un
noguldiSanas laika un etapa misa — alus ir 28%.
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Savukart raudzgjot plekSpaino miezu iesala misas PRa un PLa, galluskabes
saturs palielinds, bet izvertgjot visa etapa misa — alus griezuma PRa paraugam
galluskabes saturs no misas alii samazinas par 22,6%, bet PLa paraugam palielinas
par 17%.

Kanélskabes atvasinajumi. Kafijskabe ir nozimigaka no kanglskabes
atvasinajumiem un tas izmainas paraditas 14. attela. PLa paraugam ir butiski lielaks
kafijskabes saturs (p<0,05) neka PRa un PKILa paraugiem visa etapa misa — alus.
Arl izmainu amplitada péc tehnologisko procesu norises PLa paraugam ir at$kiriga.
Savukart PRa un PKILa paraugos kafijskabes satura svarstibas ir nebttiskas visa
misas raudz€$anas un alus filtracijas laika (p>0,05). Tas varétu biit skaidrojams ar
izejvielu partiju dazadibu, ka arT ar misas variSanas intensitati.
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Fig. 13. Dynamics of gallic acid during fermentation, maturation and
filtration, mg I

Raudzgsanas, noguldisanas un filtracijas procesu laika ferulskabes izmainas
notiek 11dzigi visos paraugos — ta samazinas visa etapa misa — alus par 23,54% PRa
paraugam, 61,39% PLa paraugam un 31,39% PKILa paraugam salidzinajuma ar
sakotngjo ferulskabes saturu misa.

Flavanoli. Domingjosais flavanoli arT etapa misa — alus ir katehini. To saturs, pec
biitiska samazinajuma misas variSanas laika, raudzeSanas procesa palielinas.
Noguldisanas laika katehinu saturs samazinas, tas saistits ar $Is grupas parstavju
ipasibu veidot kompleksus savienojumus ar olbaltumvielam, kas izgulsngjas
raudzg€Sanas tvertnes apak$g€ja dala. Filtracijas procesa katehinu saturs turpina
samazinaties. Visa etapa misa — alus katehinu saturs PRa parauga samazinds par
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36,6% un PLa parauga par 29,6%. Tacu PKILa alus paraugam ir par 88,7% lielaks
katehinu saturs neka $1 paSa parauga misai.
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Fig. 14. Dynamics of caffeic acid during fermentation, maturation and
beer filtration, mg I™*

Antiradikalas aktivitates dinamika etapa misa — alus uzrada pretrunigus
rezultatus, kas atspoguloti 15. attéla. Laboratorija sagatavoto paraugu PLa un PKILa
misa galvenas raudzés$anas laika un noguldiSanas laika veido pretSju antiradikalas
aktivitates tendenci neka razoSanas apstaklos sagatavoti misas un jaunalus paraugi
PRa. Tikai filtracijas laika visos tris paraugos antiradikala aktivitate samazinas.

Ir atrasta cieSa korelacija starp antiradikalo aktivitati un kop&jo fenolu saturu
alus raudz€Sanas laika visos analiz§jamos paraugos. PRa parauga 1r=0,969,
PLa parauga r=0,935 un PKILa parauga r=0,984. Daudzi pétijumi apstiprina So
sakaribu (Lugasi 2003; Piazzon et al, 2010; Zhao etal, 2010), tacu
Zhao et al. (2010) atzimé, ka tiesi atsevisko fenolu grupu kopsumma atspogulo alus
antiradikalo aktivitati objektivak neka kopgjo fenolu saturs.

Lai noteiktu I1dzibu starp analiz&tajiem alus paraugiem, tika izmantota klasteru
analize. 17 komerciali razoti ali un ripnieciski razotais PRa gaisa alus paraugs tika
sagrupeti npemot vera fizikali-kimiskos raditajus (sausna, %, alkohola saturs,
tilp.%, u.c) un fenolu savienojumus. P&c alus pamatraditajiem astonpadsmit paraugus
var iedaltt tris klasteros. Pirmie divi klateri satur gan gaisa, gan tumsa alus skirnes,
bet tresaja klasterT atseviski izdalitas tris tumsa alus skirnes.
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P&étijuma analiz&tais paraugs PR ietilpst pirmaja klasteri, un iegitie rezultati
parada, ka tas ir 11dzigs daudziem komerciala sistéma piedavatajiem alus paraugiem.
A1l p&c fenolu savienojumu satura un sastava alus paraugi iedalas tris klasteros.
Klasteru analize parada, ka fenolu savienojumu sastavs alii nav atkarigs no alus veida
— gaiSais vai tumsSais —, bet, iesp&jams, no miezu Skirnes un tehnologiskiem
procesiem, kas izmantoti ripnieciski razota iesala un alus gatavosana.
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SECINAJUMI

Novertgjot alus razoSanai plekSpaino un kailgraudu miezu graudu
fizikali-kimiskos raditajus un tos salidzinot, kailgraudu miezu graudiem ir
augstaks cietes, olbaltumvielu, [-glikanu un katehtnu saturs, neka
pleksnainiem miezu graudiem. Palielinats olbaltumvielu un B-glikanu saturs
kailgraudu miezu graudos ir neatbilstoss alus miezu kvalitates prasibam.
Latvija selekcion&to kailgraudu miezu Iiniju un Skirnes butiski zemas
hidrolitisko fermentu aktivitates d&], kailgraudu miezu iesala 100%
izmantosana alus razoSana nav iesp&jama. 25% no pléksnaino miezu graudu
iesala var aizstat ar kailgraudu miezu graudu iesalu, gatavojot alu ar
tradicionalo tehnologiju.

Kopgjo fenolu saturs ir atkarigs no skirnes nevis no miezu tipa — kailgraudu
vai plekspainie. Visos analiz§jamos paraugos kop&jo fenolu satura
pieaugums iesala ir butisks, salidzino$i ar neapstradatiem miezu graudiem.
Etapa iesals — misa — alus kopgjo fenolu izmainas ir diferencétas. Apini
butiski neietekmé kop&jo fenolu saturu misa un ali un to antiradikalo
aktivitati.

IejavoSanas un misas variSanas procesa galluskabe ir domingjosa no
benzoskabes atvasinajumiem un bitiski ietekmeé kop&jo fenolu saturu. No
kang]skabes atvasinajumiem kafijskabe un ferulskabe konstatétas nozimiga
daudzuma gan icjavas, gan misas analiz&tajos paraugos. Etapa iesals — misa
samazinas flavanolu grupas fenoli — katehini, vidgji par 40%.

IzvElétas miezu Skirnes sakotn&jais fenolu saturs ietekmé antiradikalo
aktivitati gala produkta. Realizéta alus gatavoSanas tehnologija miezi —
iesals — misa — alus un Mailarda reakcijas produkti, kas veidojas diedz&tu
graudu un misas termisko apstrades procesu laika, paaugstina alus
antiradikalo aktivitati lidz 130%.

C vitamina saturs samazinas zaliesala kalt€Sanas procesa laika un talaka alus
razoSana tam nav bitiskas ietekmes uz alus antiradikalo aktivitati.

E vitamina saturs nemainas etapa miezi — iesals, bet palielinas etapa
iesals — misa — alus, paaugstinot tas antiradikalo aktivitati.

Klasteru analizes rezultati parada, ka fenolu sastava zina pétijjuma analiz&tas
gaisad un tumsa alus Skirnes ir lidzigas, izpemot atseviSkas tumsa alus
Skirnes ar loti augstu kop€jo fenolu, alkohola saturu un Tsto ekstraktu.
Petijuma iegttie dati apstiprina izvirzito hipoteézi — miezu Skirne vai linija,
nevis miezu tips (kailgraudu vai plekSpainie) nosaka endogéno
antioksidantu saturu gala produkta, kas varié tehnologisko procesu ietekmé
iesala un alus gatavosana.
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TOPICALITY OF THE RESEARCH

Since beer belongs to alcoholic drinks, it is related to the problem of
alcocholism. Previously, mostly focusing on the negative impact of ethanol on
people’s health, researchers paid little attention to other compounds from raw
materials of plant origin in the final product possessing certain biological activity.
Only at the end of the previous century during the research on the impact of red wine
on the progress of various diseases positive features of alcoholic drinks of plant
origin containing ethanol were revealed.

The consumption of beer has been falling in the European Union, however, there
is an opposite trend in Latvia and beer consumption has increased from 70 litres to 81
litres per capita a year. Beer is the third most popular drink in the world therefore it is
worthwhile to examine the true or potential impact of beer on the health of people.

Barley (Hordeum vulgare L.) is the main raw material for beer production. Its
basic chemical component is starch which due to enzymes disintegrates into mono-
and disaccharides and transfer into fermentable wort during mash boiling process.
The majority of other extraxt substances: proteins, vitamins, minerals, enzymes,
phenols etc., move from mash to the obtained wort (Kynme, 2003). Phenols and
vitamins are the compounds which possess antioxidant features and they are
classified as antioxidants.

Antioxidants are substances that helps to protect a human body itself from
formation of free radicals. Free radicals cause cell damage, weakening the imune
system and enhances of progress of infectious and degenerative diseases. Scientists
hold the view that damage caused by free radicals promotes the aging of a human
body. On the other hand, antioxidants, consumed together with food, reduce the risk
of falling ill with cancer and blood-vessel diseases. Therefore scientists, food
producers and consumers in recent years have become increasingly interested in
antioxidants and their amount in nutrients (Kahkonen et al., 1999). The compounds
with antioxidant features are mostly found in plants — vegetables, fruit, plant oil,
roots, herbs and cereals (Kahkonen et al., 1999). The activity of antioxidants is
characterized by their antiradical activity.

Antiradical activity of malt and barley is formed by phenols that include
flavonoids and certain phenolic acids, e.g., caffeic acid (Pejin et al., 2009). Beer
comprises polyphenols: 70-80% of polyphenols are from barley, but the remaining
20-30% of polyphenols are from hops. Polyphenols have a positive influence on
health depending on the amount of consumption and bioavailability (Manach, 2004).

Barley grains and malt made of them comprise also other compounds with
antioxidant features such as vitamins C and E.

The analysis of antioxidant dynamics in various stages of beer production
process and evaluation of the content changes of certain antioxidants in different
technological conditions, provides an opportunity to change or improve beer
production process with the aim of maintaining the content of biologically active
substances in the final product.
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There is no research carried out in Latvia regarding the content of antioxidants
and their changes during beer production process from locally selected flaky and
hull-less barley grains and their use in malt and beer production.

Hypothesis of the doctoral thesis — the content of endogenous antioxidants
(phenols, vitamin C and E) in beer is determined by the chosen flakey barley and
hull-less barley variety and line as well as technological proceses of malt and beer
production.

The sub-theses of the doctoral thesis is to be proved by the following defendable
statements:

D
2)
3)
4)

5)

the content of endogenous antioxidants in beer is determined by the chosen
barley variety and type,

the content of antioxidants in malt is significantly influenced by the
production technology,

the content of endogenous antioxidants changes during the mashing pauses
and during wort boiling,

mash fermentation and beer filtration significantly influence the content and
antiradical activity of certain antioxidants,

the content of phenols in beer depends on the beer type and variety.

The aim of the research work — to investigate the antioxidant dynamics in
grains of hull-less barley and flaky barley during malt and beer production process.

The following tasks have been set to reach the aim:

1)

2)

3)
4)
5)
6)

7)

to determine and compare physical-chemical parameters of flaky barley
grains and hull-less barley grains and their relevance to quality demands for
raw materials necessary for beer production,

to analyze the relevance of new, selected in Latvia, hull-less barley grains
lines and the variety for the malt and beer production by means of
traditional technologies,

to determine the content of endogenous antioxidants — phenol, vitamins C
and E and their changes in steps: barley — malt, malt — wort, wort — beer,

to investigate the dynamics of antiradical activities and the total phenolic
content in the steps: barley — malt, malt — wort, wort — beer,

to carry out the evaluations of condition of beer production technology with
the purpose of preserving endogenous antioxidants in the product,

to identify interaction between antiradical activity, total and individual
phenols, vitamins E and C in beer production,

to classify commercial and experimental beer samples according to their
basic indices and the content of phenolic compounds.

35



The novelty and scientific significance of the work.

The dynamics of endogenous antioxidants of grain lines and varieties of hull-less
barley and flaky barley in malt and beer production process have been analyzed for
the purpose of determining and preservation of their biological value.

The changes in vitamins E and C in the most significant stages of malt and beer
production have been determined.

The application of hull-less barley grains in the malt and beer production has
been analyzed, using the existing malt and beer production equipment and
technologies.

The economic significance of the doctoral thesis.

The data analysis of new, selected in Latvia, hull-less barley grain lines and a variety,
evaluation of their application opportunities for malt and beer production provide
material for further selection work to increase activity of amilolytic enzymes, as well
as to reduce the content of proteins and -glucans in hull-less barley grains.

The choice of malt with high antiradical activity and optimal malt and beer
production technological conditions, the content of biologically active substances in
beer is increased.

The investigation of the composition of phenols and their features permits to
forecast the biological value of beer, as well as processes resulting in unfavourable
fragrance/taste and colodial sediments, significantly changing the quality of beer.

APPROBATION OF THE RESEARCH

The results of the research work have been presented in eight international
conferences and congresses in Latvia, Turkey, South Africa, the Czech Republica,
and Lithuania and at the international food exhibition ,,RigaFood” 2010, 2011.

The results of the work have been summarised and published in eight scientific
publications in English in issues, which are Latvian Council of Science
acknowledged publications (the list of publications and attened conferences and
congresses see on pages 6—8).

MATERIALS AND METHODS

Time and place of the Research

The research was carried out in the time period from 2009 to 2012 at the
following institutions:

The Scientific Laboratory of Microbiology of the Department of Food
Technology, the Laboratory of Dr.agr. Edgars Zubeckis’ Food Product Analysis, the
Scientific Laboratory of Chemistry of Nature Substances at the Faculty of Food
Technology, Latvia University of Agriculture (LUA),

LUA, the Study and Scientific Laboratory of Grains and Seeds of the Faculty of
Agriculture,

LUA, the Scientific Laboratory of Agronomy Analysis,
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the University of Latvia, the Institute of Biology,

the Latvian State Institute of Fruit-growing,

”Aldaris”, plc, the laborotary of the bottling unit of the company,
”Vikingmalt”, plc, the laboratory of grains and malt of Kaunas, Lithuania.

Materials used in the research

Two varieties of flaky barley grains, ‘Roland’ and ‘Class’, (further in the text —
flaky barley) and four lines of hull-less barley grains: PR-3528°, ‘PR-3537’,
‘PR-L-400, ‘PR-3475’ (further in the text - hull-less barley) were used in the
research. The line PR—3528 was registered as a variety with the name ”Irbe” in 2011,
therefore it will be called as a variety not a line further in the text.

Four commercially produced types of malt were used in the research: Pilsener,
Minhene, light caramel and burnt malt.

Granular hops (Humulus lupulus L.) were used in the research.

Yeast Saccharomyces pastorianus was used for beer fermentation.

Different kinds of light and dark beer of various producers purchased from
retailers were used for comparison.

Malt and beer production technology

Malt was produced according to classical Pilsener malt production technology
and quality requirements. The method of infusion was used for mashing. Hops 1g 1"
were added to one part of wort samples produced in the laboratory, the further
sample preparation process was identical to the wort that was boiled with hop and
without hop. The technology of producing beer samples corresponded to the classical
production technology of light beer. Beer yeast Saccharomyces pastorianus
(0.9 1 hI™") was used for fermentation of wort. Beer was filtered through the cardboard
filter 0.45 (um).

Structure of the research

The samples used in the research have codes (see Table 1) for the purpose of
data analysis. The production cycle of malt and beer was divided into three steps:
barley — malt, malt — wort, wort — beer. Each step comprised technological steps; the
obtained sample was analyzed after each step. The steps were denoted with numbers
(1., 2., 3....). The samples made of flaky barley were labelled with the letter ‘P’, but
the samples that were made of hull-less barley were labelled with the letter ‘K’. The
varieties and types of lines of hull-less barley were labelled with the Roman numbers
(I, 1, II un VI). The code of the samples for the analysis prepared in the
manufacturing conditions contained the letter ‘R’, the code of the samples prepared
in the laboratory contained the letter ‘L’. The code of the samples, containing hop,
had the letter ‘a’.

Two types of barley samples were analyzed in the research: grains of flaky
barley and hull-less barley that were used as source material in the technological
process of malt and beer production (Figure 1). The research was carried out
according to classical malt (1), wort (2) and beer (3) production technology.

The research methods used for the analysis of barley and malt samples are
presented in Table 2.
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The research methods used for the analysis of mash, wort and beer samples are
presented in Table 3.

The mathematical data analysis was carried out with the help of mathematical
statistic methods. The calculations were performed with MS Excel and the
experimental data were analyzed with SPSS 17. The hypothesis was tested with p-
value method, and the factors were considered significant if p<ages. It was
considered that 0=0,05 with 95% credibility for the data analysis if it was not stated
otherwise. Firstly, the influence of interaction of two different factors was analyzed
by two-factor dispersion analysis (ANOVA). Correlation analysis and regression
analysis were used to evaluate mutual correlation of various features. The method of
hierarchy clusters was used in the research to classify data in sub-groups or clusters.
Each cluster united closely related items. The method was used to classify
commercially produced beer samples by their basic indices (the contents of alcohol,
real extract and the content of dry matter in pre-wort).

THE RESULTS AND DISCUSSION

1. Analysis of physical-chemical parameters of barley and content of
endogenous antioxidants

The most important indices of grain quality is the content of protein and extract
substances in grains. The optimum protein content in the grain for malt production is
9-11.5%. Proteins can bind water and form steady coloidal liquids. Proteins lose the
ability to dissolve in water, and they form sediments due to temperature and other
conditions, therefore barley varieties with high protein content are not suitable for
beer production. In addition, the suitability of barley for malt production is
characterized by the content of extract substances in grains. Malt should have at least
80% extract substances. These are substances that easily transform into sugars under
influence of enzymes and acid”.

The analysis of the obtained data (Table 4) show that flaky barley variety ‘Class’
(P) should be used for the further research since it has higher content of extract
substances and starch than the grains of the variety ‘Roland’. As regards hull-less
barley, the variety ‘Irbe’ (KI) is chosen since it has lower content of protein than the
lines ‘PR-3475’ and ‘PR-L-400’ and higher content of extract substances and starch
than other samples of hull-less grains. The second highest content of extract
substances belongs to the line ‘PR—3475° in comparison with other varieties of
hull-less grains therefore it was selected for the further research in spite of increased
content of protein.

The greatest contribution to antiradical activity of grains (Zhao et al., 2008) is
provided by such bioactive secondary metabolits as phenols. Total phenolic content
of barley depends on the variety, type and growing conditions. The analysis of

5Mieiu graudi iesala razosanai [Skatits 23.04.2013.] Pieejams / Available:
hitp://www.graudi.info/graudi/text?page=graudi
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samples from different years showed that total phenolic content fluctuated from
113.87 to 227.95 mg GAE 100 g of the dry matter of hull-less barley KI and KII,
and from 181.04 to 216.04 mg GAE 100 g of the dry matter of flaky barley P
(Figure 2) The obtained data resemble the results of other authors: 132-196 mg
GAE 100 g' dry matter (Liu, Yao., 2007), 103-187 GAE 100 g"' dry matter
(Zhao et al., 2006), 50-196 mg GAE 100 g'1 dry matter (Fardet et al., 2008), as well
as hull-less barley 70-110 mg GAE 100 g dry matter (Dvorakova et al., 2008).

The analysis of the barley yield of 2010 and 2011 shows that the sample of flaky
barley P had higher total phenolic content than hull-less barley KI and KII (Figure 2).
The samples KI un KII from the yield of 2009 contained higher phenol content than
flaky barley sample P. Significant diferences (p<0.05) of the total phenol content in
the same sample in various harvest years could be explained by differences in
growing conditions, as well as in quality of the seed material. Equal climate
conditions do not provide similar total phenol content of various cases of barley.
Dvorakova et al. (2008) claims that the total phenol content is not related to the
presence or absence of a flake. The total phenol content is determined by
physical-chemical parameters of seed material, climate and agrarian conditions. The
type of barley — either hull-less or flaky — is not the factor that determines the total
phenolic content.

The following phenolic compounds have been determined in barley: derivatives
of benzoic acid, cinnamic acid and compounds of flavanols. As regards the group of
benzoic acid derivatives on the whole, the samples of hull-less barley contains by
0.118-0.209 mg 100 g more benzoic acid derivatives than flaky barley P. Gallic
acid was not found in any of the analyzed barley samples.

The samples of KI and KII hull-less barley had significantly (p<0.05) higher
content of total cinnamic acid derivatives that contradicted the finding of the research
done by Holtekjolen et al. (2006), where the total phenol content was higher in the
samples of flaky barley. It could be explained with the genotype of the samples and
selection aims of hull-less barley, as well as different extraction method of samples.
As regards cinnamon acid derivatives, coffee acid had higher antiradical activity than
ferulic acid (Holtekjolen ef al., 2006). However, coffee acid was not found in flaky
beer barley P variety used in the research. Sinapic acid was not identified in any of
the analyzed samples. Sinapic acid, among phenolic acids, has the smallest content in
the whole malt and beer production process, but, concerning quality, it provides
greater contribution to antiradical activity of products comparing to more represented
phenolic acids (Szwajagier, 2009). The dominating phenolic acids in both samples of
hull-less beer include coffee acid: 2.465 mg 100 g™ and 4.4 mg 100 g of dry matter
in the variety KI and the line KII, respectively. This phenolic acid determines the
prevalence of the total amount of cinnamic acid derivatives in comparison with the
sample P of flaky barley. p-coumaric is more concentrated in the external part of a
grain than ferulic acid (Renger, Steinhart, 2000). This statement coincides with the
results of the research where p-coumaric in the content of flaky barley exceeds the
content of ferulic acid. Concerning hull-less barley, the content of p-coumaric
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exceeds 2.7 to 4.4 times the content of ferulic acid, even though hull-less barley does
not contain flakes.

The content of flavanols is genetically dependent on the type of barley.
Flavanols are less represented in flaky barley than in hull-less barley
(Holtekjolen et al., 2006). The obtained results coincides with the finding of the
above mentioned research. The content of flavanols in flaky barley P is by 1.347 mg
100 g of dry matter less than in hull-less barley line KII and by 1.983 mg 100 g”' of
dry matter less than in hull-less barley line KI. The dominating flavanols in all the
analyzed samples of barley is catechins, but the amount of epicatechina is relatively
small. These are the representatives of the flavanol group, including catechinu, that
are compounds forming beer sediments during beer production and storage process
along with proteins (Nack, Shahidi, 2006). Therefore brewers prefer barley varieties
with smaller content of flavanol group compounds.

In order to estimate antiradical activity in barley grains, various barley samples
were analyzed and compared in order to test their ability to react with the radical
22-diphenyl-1-pikrilhidrazyl. Antiradical activity in barley grains, similarly to the
total content of phenols, might fluctuate in a wide range that is influenced by
diffferent external factors (variety, growing conditions). Antiradical activity of one
and the same variety in different harvested years differs significantly (p<0.05). The
type of barley — either hull-less or flaky — is not a determining factor of antiradical
activity. However, in spite of differences, all the analyzed samples showed the ability
to react with DPPH radical.

During the period of germination, as a result of physical-chemical modifications
of endosperm, bioactive substances are synthesized (Sharma, Gujral, 2010),
including vitamins C and E. The research on the content dynamics of vitamins C and
E during malt production was carried out for the malts PL(6), KI(6) and KII(6),
produced in the conditions of the laboratory.

The content of the vitamin E was analyzed during the research activities starting
from raw grain to malt (Figure 3) (the steps are described in Table 1). The content of
vitamin E was not significantly different in all the analyzed samples (p>0.05).
According to the research results by Briggs (1998), E vitamin in barley is 2.1-5.2 mg
100 g of dry matter, and the obtained results coincides with the given research.

The most intensive synthesis of vitamin E took place at the beginning of the
germination — after the second twenty-four hours. The content of vitamin E in barley
P increased 1.75 times, and in both samples of hull-less barley 1.6 times in
comparison with steeped grains pointing to intense growing process resulting in
intensive bio-chemical reactions. The content of vitamin E decreased in all the
samples of dry germinated grains: 2.7 times (5.33 mg 100 g') in the sample of
barley P, 3.1 times (5.28 mg 100 g') in the sample of KII and 3.6 reizes
(5.04 mg 100 g") in the sample of KI in comparison with the samples after six
germination days.

A decrease of vitamin E in the samples of hull-less barley is higher than a
decrease of vitamin E in the variety of flaky barley, where a flake probably serves as
a shield, decreasing thermocollapse of bioactive substances caused by the hot air.
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The stability of vitamin E depends on the drying period, a method and chemical
contents of a product (Ball, 2006). The germination of grains produces sprouts
containing the majority of vitamin E, and the sprouts are separated during malt
analysis.

Vitamin C is not found in barley grains, its synthesis starts during the
germination stage (Briggs ef al, 1981), that was validated by the research findings
(Figure 4). Vitamin C starts to synthesize during barley steeping in water
environment. It is connected with an increase of moisture in the grain serving as a
positive factor for enzymes’ activization. The synthesis of vitamin C continues all
through activation of grains that was found also by other authors
(Rakcejeva, Skudra, 2006). Vitamin C takes part in the complicated plant growing
modulation, including early stages of embryo germination (Plaza et al., 2003).

The maximum C vitamin content was received on the 4th day and it had
increased by 2.5, 1.6 and 2.5 times comparing with the content of vitamin C at the
beginning of germination in the barley samples P, KII un KI, respectively.

A significant decrease of vitamin C was observed after the 6th day of
germination. The explanation of it is the fact that vitamin C is used in metabolism of
grains in their life processes (growing and development) (Ball, 2006).

Vitamin C collapse continued during drying of grains. Vitamin C is not durable
at high temperatures as well as if affected by oxygen (Briggs, 1998;
Pokorny et al., 2001), and during drying it decreased 1.3 times in all samples.

2. Analysis of bioactive substances in malt and the influence of production
technology on changes of the content of antioxidants

An increase of the total phenol content in malt in comparison with raw barley
grains in all the analyzed samples was significant (p<0.05). An increase of total
phenols in flaky barley P during malt production was from 43% to 65%, depending
on the harvested year. There was an increase in hull-less barley variety KI from 40 to
89%, but the total phenol content in line KII increased by 29-78% (Figure 5) during
the production process. During production of malt different physical-chemical and
biochemical changes occur in a grains resulting in a significant increase of the total
phenol content (Lu et al., 2007). Dvorakova et al. (2008) explained the increase with
release of bounded phenols due to impact of enzymes, as well the influence of drying
temperature. Maillards, Bersets (1995) agree with that explanation. The total phenol
content depends on the variety not on the type of barley — be it either hull-less barley
or flake barley. The similar tendency was observed in the present research.

Malt comprises more phenol compounds than barley, however, the proportions
among the groups remain similar. It is explained by the fact that extraction of better
flavanols un phenolic acids is possible due to the modification of grain endosperma
influenced by drying process (Maillard et al., 1996).

The dominating phenols in the analyzed samples of hull-less barley were
catechins and caffeic acid. Similar modification tendencies of phenols were observed
also during malt production from hull-less barley line KII. The content of catechin in
the sample malt KIIL, in contrast to KIL sample, increased during malt production.
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The concentration of catechins is bigger in the samples of KI and KIIL hull-less
barley and malt than in the sample P of flaky barley. The obtained results coincided
with the research finding of Dvorakova et al. (2008).

The changes of certain phenol compounds of flaky barley P in malt are similar to
the changes of hull-less barley in this process, except for the sample of barley P in
which initially the presence of caffeic acid was not found. Obtaining malt, its content
was 1.430 mg 100 g™ Caffeic acid together with quinic acid create chlorogenic acid
(Cuvelier ef al., 1992) and it is possible that initially it was not found in barley due to
formation of this particular compound.

The phenol compounds, epicatechins un p-hydroxibenzoic acid were less
represented in all the malt samples. The content of sinapic acid had the least amount
in hull-less barley malts. Malt KIL contained 0.105 mg 100 g of dry matter, but
KIIL malt contained only 0.055 mg 100 g of dry matter. Sinapic acid was found
neither in the samples P of malt nor in barley which could be explained by the
differences among varieties.

As regards the ready-made malt, a significant increase of antiradical activity was
observed in all analyzed samples (Figure 6).

The sample P of flaky barley malt, used in the research was compared with
commercially produced malt samples; the main technological difference among them
is the drying temperature. The malts ‘Class’ and ‘Pilsener’ are light malt, they are
dried at the temperature of 7080 °C. The malt ‘Minhene’ is classified as the dark
beer, and its drying temperature is 105 °C. Caramel malt and burnt malt are special
malts providing for specific dark colour and special fragrance. Their drying
temperature reaches 150 °C and 230 °C, respectively. Antiradical activity increases
simultaneously with the increase of the temperature and decrease of the moisture
content. Similar results were obtained in the researh by Inns et.al. (2007), proving
that drying mode significantly influences both antiradical activity and the colour of
the final product. Likewise, an increase of drying temperature influences the total
phenolic content in commercially produced malts.

3. Influence of mashing and wort boiling process on antioxidant content

The dynamics of the total phenolic content during mashing and wort boiling is
shown in Figure 7, where quantitave differences of total phenolic content are
significant (p<0.05), but the dynamics of changes in all boiled products is similar.

There is a gradual increase of the total phenolic content in the mash along with
an increase of mashing temperature up to 78 °C. An increase of the total phenolic
content can be enhanced by release of phenols from the complex compounds and
diffluence influenced by hydrolithic enzymes and extraction in water
(Vanbeneden et al., 2008b). A significant increase of phenolic compounds during
mashing was also observed in the research findings by Fumietal (2011) and
Pascoe et al. (2008).

A significant decrease (p<0.05) of the total phenolic content was found in all
samples during filtration of mash at the temperature of 78 °C and obtaining wort.
Oxidation, decomposition and fast formation of protein-polyphenolic composites
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explain partly a deccrease of the total phenolic content at high mashing temperatures
(Aron, Shellhammer, 2010). However, the contribution of rinsing water during mash
filtration process should be taken into account, since it causes a fast increase of the
ratio between water and extract substances.

There was a significant increase (p<0.05) of the total phenolic content during
wort boiling. The increase of total phenolic content in samples PR un PL of flaky
barley during wort boiling accounted for 11% and 53%, respectively, but the total
phenolic content of PKIL wort increased by 53%.

Phenolic acids have an important role in the formation of the total phenolic
content in wort and beer, thus contributing greatly to antiradical activity
(Fantozzi et al., 1998).

Benzoic acid derivatives. Gallic acid was identified neither in barley samples nor
in malt samples, however, it was dominating one from all benzoic acid derivatives
during the whole mashing and wort boiling process in all the analyzed samples. The
dynamics of gallic acid during wort boiling in all the mash and wort samples was
similar (Figure 8). Moderately close correlation (r=0.607) was found between the
total phenolic content and the analyzed content of benzoic acid derivatives (including
vanillic acid, syringic acid and p-hydroxibenzoic acid) in all the samples during
mashing. It can be concluded that gallic acid, as the dominating substance of benzoic
acid, influenced significantly dynamics of the total phenolic content.

Cinnamic acid derivatives. Cinnamic acid derivatives are characterized by
higher antiradical activity than benzoic acid derivatives (Holtekjolen et al., 2006),
therefore this group could be considered to have more significant quality index in
antioxidant estimation of barley, malt, wort and beer. As regards cinnamic acid
derivatives, caffeic acid and ferulic acid were found in the significant amount both in
mash samples and in wort samples.

The amount of ferulic acid in mash of hull-less barley malt KIIL and PKIL
(Figure 9) is less in all the steps in comparison with mash and wort samples of flaky
barley PR and PL. A range of ferulic acid in different wort samples might be very
broad, which could be explained by the ratio between malt and water, and different
malt supplies (Szwajgier, Bancarzewska, 2011). The content of ferulic acid might
increased up to 275% during mashing process in mash of flaky barley, up to 142% in
PKIL mash, but in hull-less barley malt mash by 75%. According to the data of
Szwajgier, Bancarzewska (2011), ferulic acid decreases significantly during wort
boiling, however, the given reduction of ferulic acid content against the ferulic acid
increase during mashing was negligible.

Flavanols. The third most important group of phenol compounds in malt and
beer is the group of flavanols with dominating catechins (Figure 10) in the form of
monomers. During mashing process along with the temperature increase the content
of catechins increased in all samples, however, after a saccharification pause at the
temperature of 72 °C (Step 9) and mash filtration, their content started to decrease in
all samples.

Oxidation of proanthocyanidin, catechins and epicatechins influences
significantly formation of beer sediments (Kaneda et al., 1990). During wort boiling
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a significant amount of epicatechins’ and catechins’ sediments were formed, creating
complex compounds with coagulation proteins. A decrease of catechins during wort
boiling was significant (p<0.05) in all the samples (Figure 10).

Catechins’ content in the wort samples PR and PL of flaky barley malt decreased
more 43% and 47%, respectively, but catechins’ content in PKIL wort decreased
35%. During the whole mashing process the content of catechins increased by 122%
in the sample PR of flaky barley, by 107% in the sample PL, but it decreased by 12%
in the sample PKIL in comparison with the initial content in Step 7.

Antiradical activity increased during the whole mashing process, except for hull-
less barley malt mash KIIL (Figure 11). The obtained result coincides with the
research findings of Pascoe et al. (2003). The release of phenolic compounds and
Maillard reaction product formation justified an increase of antiradical activity
during mashing.

At the temperature of 72 °C after a saccharification pause and mash filtration, a
rapid decrease of antiradical activity in all the samples was observed, i.c., by 17%
and 45%, respectively in the samples PR and PL of flaky barley mash and by 17% in
the sample of PKIL mash. It could be explained by the dilution level of malt spent
grains rinsing water.

An increase of antiradical activity by 7.3-143% in PR and PL wort of flaky
barley and by 14% in PKIL wort during boiling with hop is due to wort boiling
process, according to Vanbenden (2008b). However, Zhao, Zhao (2011) found out
that an increase of antiradical activity during wort boiling process occured only
because of Maillard reaction product formation processes.

Reasons for no saccharification of hull-less barley malt

In order to clarify the reasons for no saccharification of hull-less barley malt, a
complete physical-chemical analysis of malt samples was carried out. The obtained
results are described in Table 5.

The enzymes a- and -amylase split starch during mash saccharification pause in
glucose, maltose, maltotriosis, dextrines etc. that turn into an extract — wort and is
easily re-fermented forming ethyl alcohol and carbon dioxide. The activity of
a-amylase in both hull-less barley samples KIL and KIIL is not sufficient, 15 and 25
dextrine units (DU), respectively. Bhatty (1996) and Agu ef al. (2008) have found in
their research that a-amylase acivity in hull-less barley varieties is on average by
10-25% lower than that in flaky barley. The authors also suggest that hull-less barley
can reach higher a-amylase activity during malt production if they have been selected
for this purpose. Besides, diastatic power characterizing the ability of enzymes to
transform starch, is lower in malt samples KIL and KIIL than in flaky barley malt
samples PR and PL, and the difference is 28-65%. According to the research
findings of Bhatty (1996), the activity index of total enzymes VZ 45 °C does not
satisfy the requirements of Pilsener type malt as well. Other inadequate results of the
obtained indeces do not directly influence saccharification process.
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4. Total phenolic content in beer after fermentation, maturation and filtration

The total phenolic content did not change significantly (p>0.05) in all the
analyzed samples during the main fermentation (Figure 12). An increase of the total
phenolic content during further maturation process at the temperature of 4 °C was
observed in the sample of PKILa and PLa, whereas significant changes (p>0.05)
were not observed in the sample PRa that points to ambivalent tendency of the total
phenolic content change during maturation of young beer. Chemical and biochemical
reaction occur during extended maturation process that influence the quality index of
ready-made beer (Kunce, 2003).

Filtration decreased the total phenolic content in beer. The major decrease (12%)
was found in the sample PRa, but the total phenolic content in beer samples PLa and
PKILa decreased by 9% and 5%, respectively.

The changes in phenolic content in the step wort — beer were ambivalent. The
total phenolic content in the sample PRa decreased by 22%, whereas it increased by
13% in the sample PLa, and it increased by 3% in the sample PKILa. The total
phenolic content result of laboratory beer samples during wort fermentation and
filtration was not significant (p>0.05), whereas a decrease of phenolic content in the
sample PRa was significant (p<0.05). Fumi ef a/. (2011) and Leitao ef al. (2012) in
their research have found that there is a decrease of the total phenolic content during
wort fermentation and filtration, besides, they state that phenolic compounds have an
important role in the physical and technological processes during beer production
since they might unfavourably influence foam stability, beer physical-chemical
stability and storage time.

Benzoic derivatives. Gallic acid is the dominating phenolic acid during mashing,
wort boiling and beer fermentatation representing benzoic derivatives (Figure 13). Its
content in PKILa wort decreased during all the fermentation and maturation time, but
as regards the step wort — beer, gallic acid accounts for 28%.

On the other hand, the content of gallic acid increased during fermentation of
flaky barley malt wort PRa and PLa, whereas evaluating the step on the whole, the
content of gallic acid in the sample PRa from wort to beer decreased by 22.6%,
however, gallic acid increased by 17% in the PLa sample.

Cinnamic derivatives. Caffeic acid is the most important from cinnamic
derivatives and its changes are described in Figure 14. The content of caffeic acid
was significantly higher (p<<0.05) in the PLa sample than caffeic acid in the PRa and
PKILa samples in all the step wort — beer. A range of changes in PLa sample was
varied after the technological processes. As regards the fluctuations of caffeic acid
content in the PRa and PKILa samples, they were not significant (p>0.05) in the
whole wort fermentation and beer filtration time. It could be explained by a variety of
raw material supplies, as well as intensity of wort boiling.

The changes of ferulic acid during fermentation, maturation and filtration
occured equally in all samples — it decreased in the whole step wort — beer by 23.54%
in the PRa sample, by 61.39% in the PLa sample and 31.39% in the PKILa sample in
comparison with the initial content of ferulic acid in wort.
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Flavanols. The dominating flavanols in the step wort — beer are catechins. Their
content, after significant reduction during wort boiling process, increases during
fermentation. The content of catechins decreases during maturation, the
representatives of this group form complex compounds with proteins that make
sediments at the bottom of fermentation container. The content of catechins
continues to decrease during filtration. The content of catechins in the whole step:
wort — beer decreased by 36.6% in the sample PRa and by 29.6% in the sample PLa.
However, the content of catechins in the beer sample PKILa was by 88.7% higher
than the content of catechins in wort of the same sample.

Dynamics of antiradical activity in the step wort — beer show controversial
results; they are described in Figure 15. Wort of laboratory samples PLa and PKILa
during the main fermentation and maturation formed an opposite tendency of
antiradical activity in comparison with the samples PRa of wort and young beer
prepared in production conditions. Antiradical activity decreased during filtration in
all the three samples.

A close correlation between antiradical activity and total phenolic content was
found during beer fermentation in all the analyzed samples. PRa sample r=0.969, PLa
sample r=0.935 and PKILa sample r=0.984. Many research findings confirm this
result (Lugasi 2003; Piazzon et al, 2010; Zhao etal, 2010), however,
Zhao et al. (2010) notes that the total amount of individual phenolic groups reflects
antiradical activity of beer more objectively than the total phenolic content. In order
to determine similarity among the analyzed beer samples, cluster analysis was used.
17 commercial beers and the sample PRa of light beer from factory were grouped on
the basis of physical-chemical parameters (dry matter, %; alcohol content,
volume %, etc) and phenolic compounds. Eighteen samples were divided into three
clusters on the basis of basic indices of beer. The first two clusters contained the
varieties of both light and dark beer, but the third cluster contained three separate
varieties of dark beer. The sample PR, analyzed in the research, belonged to the first
cluster, and the research results showed that it was similar to many commercial beer
samples. As regards the content and composition of phenolic compounds, beer
samples were divided into three clusters. The cluster analysis shows that the content
of phenolic compounds in beer does not depend on the type of beer, light or dark, but
perhaps on the variety of barley and technological processes used in industrially
produced malt and beer.
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CONCLUSIONS

The analysis and comparison of physical-chemical parameters of flaky and
hull-less barley grains for the purpose of beer production shows that hull-
less barley has higher content of starch, protein, 3-glucans and catechins
than flaky barley grains. Increased content of proteins and -glucans in hull-
less barley is not relevant for the quality requirements of beer barley.

Due to significantly low hydrolithic enzymes activity of lines and variety of
hull-less barley, selected in Latvia, the 100% use of hull-less barley malt is
not possible. 25% of flaky barley malt can be subsituted with hull-less
barley malt, producing beer with traditional technology.

The total phenolic content depends on the variety, not on the type of barley
— hull-less or flaky. The increase of the total phenolic content in malt in all
the analyzed samples was significant in comparison with raw grains. The
changes of total phenols in the step malt — wort — beer was differential.
Hops did not influence significantly the total phenolic content in wort and
beer, as well as their antiradical activity.

Gallic acid was the dominating acid from benzoic acid derivatives in the
mashing and wort boiling process and significantly influenced the total
phenolic content. As regards cinnamic acid derivatives, benzoic acid and
ferulic acid were found in significant amounts both in the analyzed samples
of mash and wort. Catechins which are phenols of the group of flavanols
decreased in the step malt — wort by 40% on average.

The initial phenolic content of the chosen barley variety influenced
antiradical activity of the final product. The applied technologies in the step
barley — malt — wort and Maillard reaction products that were formed during
thermo-processing of germinated grains and wort increased beer antiradical
activity up to 130%.

The content of vitamin C decreased during drying process of green malt; it
did not have a significant influence on the beer antiradical activity in further
production process.

The content of vitamin E did not change in the steps barley — malt, but it
increased in the steps malt — wort — beer, increasing its antiradical activity.
The results of cluster analysis showed similarities between light and dark
beer varieties, except for certain dark beer varieties with a very high total
content of phenol, alcohol and real extract.

The data obtained in the research prove the hypothesis — the chosen barley
variety or line but not the type (hull-less or flaky barley) determines the
content of endogenous antioxidants in the final product and it varies
depending on the technological processes during malt and beer production.
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