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PETIJUMA AKTUALITATE

Graudaugi un pilngraudu partikas produkti ir Skiedrvielu avots cilvéka
organisma. Kvie$u (Triticum aesvtivum L.) un rudzu (Secale cereale) klijas ir
graudu parstrades blakusprodukts, kas rodas miltu razoSanas procesa. Eiropa
katru gadu rodas aptuveni 100 miljonu tonnu partikas blakusproduktu (noteikts
2014. gada). Graudaugu blakusproduktu enzimatiska hidrolize ka bioprocesu
veids dos iesp&ju paplasinat kliju izmantosanas iesp&jas partikas razosana, lidz
ar to samazinat graudaugu parstrades blakusproduktu daudzumu. Enzimatiski
hidrolizetas klijas var€s pievienot partikas produktiem to raZoSanas procesa,
pieméram, piena un skabpiena produktiem, miltu un galas izstradajumiem.

Kviesu un rudzu klijas ir kompozitmaterials, kas veidots no dazadiem
histologiskiem slaniem - argjais slanis jeb perikarps (epidermas un
hipodermas), ieks€jais slanis jeb perikarps (caurulu un krustojuma Stnas),
s€klapvalks, hialina slanis jeb kodola epiderma un aleirona slanis.

No literatiiras avotiem zinams, ka garas ne-cietes polisaharidu k&des,
kas veidojas klijas, trauce izveidot regularu (viendabigu), izturigu lipekla
struktiiru, tas apgriitina maizes tehnologisko procesu. Rezultata maizes klaipam
samazinas apjoms, paatrinas mikstuma sacieteéSana, ta kliist tumsaka. Viens no
galvenajiem komponentiem, kas negativi ietekmé maizes kvalitati, ir Gdent
neskistosas Skiedrvielas. Vairakos pétjjumos mekléta iesp&ja klijas esoSo
Skiedrvielu saskel§anai par oligosaharidiem. Sajos pétijumos galvenokart
izmantota fermentacija ar raugiem (Saccharomyces cerevisiae), Kkliju
enzimatiska hidrolize (hidrolitiskie enzimi) vai enzimu pievieno$ana tiesi
miklai ar klijam. Veikti petfjumi ar1 par hidrolitisko enzimu pielieto§anu kviesu
pilngraudu apstradei, ta laujot samazinat neskistoso skiedrvielu polimerizacijas
pakapi. Hidrolizes rezultata veidojas oligosaharidi ar mazaku polimerizacijas
pakapi, kas labak skist Gident un mazak absorbé tideni. a-amilazes iedarbibas
rezultata notiek cietes hidrolize, un veidojas maltooligosaharidi (1—4-0-
stavoklos saistitas D-glikozes vienibu saturoSu polisaharidi). Publicéti vairaki
zinatnisku darbu rezultati par maltooligosaharida pozitivajam ipaSibam maizes
uzglabasanas laika pagarinasanai.

Ta ka klijas ir graudu ar§jo slanu kompozitmaterials un graudu
malSanas blakusprodukts, tad pastav mikrobiologiskas piesarnotibas risks $ada
produkta. Vairaki p&tijumi nordda uz mikrofloras izmainam kliju hidrolizes
procesa, tadgjadi paaugstinot produkta mikrobiologisko drosibu.

Iepriek§ veiktie pétfjumi dod iesp&u formulét promocijas darba
hipotézi: enzimatiska hidrolize izmaina kviesu un rudzu kliju kimisko sastavu
un mikrofloru.

Pétljumu objekts: kvieSsu un rudzu klijas, kas iegadatas no
industrialajam dzirnavam: Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ —
rupjas kviesu klijas (DRKK), smalkas kvieSu klijas (DSKK); AS ‘Rigas



dzirnavnieks’ — rupjas kviesu klijas (RRKK); AS ‘Jelgavas dzirnavas’ —
smalkas rudzu klijas (JSRK).
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Promocijas darba hipotézi pierada ar $adam tezeém:

enzimatiskas hidrolizes rezultata izmainas kliju kTmiskais sastavs, kas
ietekmé to fizikali-kimiskos raditajus;

enzimatiski hidroliz&tas klijas palielinas biologiski aktivo savienojumu
Ipatsvars,

Kliju enzimatiska hidrolize aizkavé mikrofloras attistibu;

enzimatiski hidrolizétas kviesu un rudzu klijas nodro§ina prebiotisku
vidi Bifidobacterium lactis Bb12 attistibai.

Lai pieraditu hipotezi, ir izvirzits promocijas darba meérkis: pétit

kliju enzimatiskas hidrolizes procesu un iegiita produkta kvalitati.
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Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

noteikt efektivakas enzimatisko preparatu koncentracijas kliju cietes
un ne-cietes polisaharidu hidrolizei;

novertét enzimatiskas hidrolizes efektivitati, parbaudot cietes, kopg&jo
Skiedrvielu un reducgjoso cukuru saturu klijas;

analiz€t kliju mikrostruktiiras izmainas enzimatiskas hidrolizes laika;
izvertét biologiski aktivo vielu saturu (tokohromanoli, fenoli) un
antioksidantu aktivitati enzimatiski hidrolizétos kliju paraugos;
izvertet kliju mikrofloras izmainas p&c enzimatiskas hidrolizes;
izvertét enzimatiski hidrolizéto kliju piemérotibu Bifidobacterium
lactis Bb12 atfistibai.

Petijuma novitate un zinatniskais nozimigums:

Pirmo reizi Latvija veikti padzilinati pétijumi par kvieSu un rudzu

izvertétas kliju fizikali-kimisko raditaju izmainas péc enzimatiskas
hidrolizes;

analiz€ta kvieSu un rudzu kliju mikrostruktira un ta izmainas
enzimatiskas hidrolizes rezultata;

noteiktas biologiski aktivas vielas: kopgjo fenolu, flavonoidu, taninu
un tokohromanolu un antiradikalas aktivitates enzimatiski hidrolizétas
kvie$u un rudzu klijas;

noteikts kvieSu un rudzu kliju mikrobiologiskais piesarnojums, un to
izmainas enzimatiskas hidrolizes rezultata;

enzimatiskas hidrolizes rezultata iesp&jama Bifidobacterium lactis
Bb12 attistiba klijas.



Darba tautsaimnieciska nozime:

petijums sniedz jaunu informaciju par kviesu un rudzu kliju kimisko
sastavu, biologiski aktivo vielu daudzveidibu, to satura izmainam
enzimatiskas  hidrolizes  procesa, radot iesp&u  palielinat
blakusprodukta izmantosanas iespgjas partikas nozarg;

petijuma iegiitas enzimatiski hidrolizetas klijas paplasina kvieSu un
rudzu kliju izmantoSanas iesp&jas augu valsts produktu izstrade,
nodros$inot ar biologiski augstvertigu produktu.
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MATERIALI UN METODES

Pétijumu laiks un vieta

Eksperimenti veikti laika posma no 2011. lidz 2015. gadam.
e LLU Partikas tehnologijas fakultates Partikas tehnologijas katedra:

« partikas produktu analizu laboratorija ,P&tera Delles
laboratorija” (Skiedrvielu noteikSana, olbaltumvielas, fermentacija ar
Bifidobacterium lactis Bb12);

+ iepakojuma materialu ipasibu izp&tes laboratorija (Gidens
aktivitate);

+ mikrobiologijas zinatniskaja laboratorija (cietes, pH, B-glikanu
noteikSana, mikrobiologiskie raditaji).

e Latvijas Valsts auglkopibas institita:

+ biokimijas laboratorija (kop&o fenolu, tokoferolu un
tokotrienolu saturs, reduc€joso cukuru noteiksana, kliju hidrolize);

% auglu un ogu eksperimentalas parstrades laboratorija (paraugu
liofilizacija, kliju krasas analiz€Sana).

e RTU Materialzinatnes un lietiSkas kimijas fakultates Lietiskas kimijas
katedras:



% materialzinatnes laboratorija (mikrostruktiiras izpéte).

Petijuma izmantotie materiali

Klijas

Eksperimentos izmantotas divu veidu klijas ar atSkirigiem dalinu
izm@riem, no trim industrialajam dzirnavam Latvija:

— Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu
klijas (DSKK — izmérs 215,842 pm); rupjas kvie$u klijas (DRKK — izmérs
441,0£2 um),

— AS ‘Rigas dzirnavnieks ‘Rigas dzirnavnieks’ — rupjas kvieSu
klijas (RRKK — izmérs 600,0+2 pm);

— AS ‘Jelgavas dzirnavas’ — smalkas rudzu Klijas (JSRK — izmérs
276,0+2 um).

Eksperimentos izmantoti kontroles (neapstradatas klijas), termiski
apstradati un enzimatiski hidrolizgti kliju paraugi.

Enzimi

P&tljumos izmantoti industrialie enzimu preparati, no firmas
,»Novozyme Corporation” (Bagsvaerd, Danija):

1. o-amilaze (E.K. 3.2.1) (izdalita no Bacillus amyloliquefaciens) ar endo-
aktivitati, kas iedarbojas uz a-(1—4) glikozidiskam sait€ém cietes
granulas veidojot dekstrinus. a-amilazes optimalie darbibas parametri
ir pH 5,0-8,0, temperatira 551 °C un inkubacijas laiks 0,5 h,
aktivitate >250 U ml™.

2. Viscozyme L (izdalits no Aspergillus spp.) enzimu komplekss ar
aktivitati 100 U ml™?, darbibas optimums pH 4,6+0,2, temperatiira
4441 °C un inkubacijas laiks 3,2 h. Viscozyme L ir maisijums, kas
sastav no:

«  Celulozes SkeloSiem enzimiem:

a) endo-1—4-B-D-glikanaze (E.K. 3.2.1.4);

b) ekzo-1—4-B-D-glikanaze (E.K. 3.2.1.74);

¢) B-1—6-glikozidaze (E.K. 3.2.1.21);

d) ekzo-B-1—4-glikan-celobiohidrolaze (E.K. 3.2.1.91).

« Hemicelulozes $kelo§iem enzimiem:

a) endo-1—4-p-D-ksilanaze (E.K. 3.2.1.8), kas katalizé 1—4-3-D-

glikozidiskas  saites ksilana k&de, veidojot 1—4-B-D-

ksilooligosaharidus (KOS);

b) endo-1—3-B-ksilanaze (E.K. 3.2.1.32).




Lai atrastu efektivakas a-amilazes un Viscozyme L koncentracijas
kviesu un rudzu cietes un ne-cietes polisaharidu hidrolizei, kliju enzimatiska
apstrade veikta ar dazadam enzimu koncentracijam (1. tabula):

1. tabula/ Table 1

Enzimu koncentracijas cietes un ne-cietes polisaharidu hidrolizei kliju
paraugos/
Concentration of enzymes for hydrolysis of starch and non-starch
polisacharides in bran samples

Pievienotais enzimu daudzums, pl 10 Aktivitate, U 10 g™ kliju
Paraugi/ g Kliju substrata/ substrata/
Samples The amount of added enzyme, ul in 10 Activity, U in 10 g™* of bran
g™ of bran substratum substratum
Kontrole/
Control - - - - - - - - - -

Termiska

apstrade/ ) ) ) ) } } ) ) } )
Thermal treated

D O
N > =
'§ ° E % 100 200 300 400 500 25 | 50 | 75 100 125
z2| I°
52>
% © -
S|
£ g €
= E >
E § 3 300 340 400 450 500 30 | 35 | 40 45 50
(2]
“los
Bifidobakterijas/

Bifidobacteria

Darba izmantots liofilizetais Bifidobacterium lactis Bb12 ieraugs, kas
izstradatas Chr. Hansen laboratorija, Danija. Bbl2 baktgriju koncentracija ir 10°
KVV g™.
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Pétijuma struktioira

Promocijas darba pétjjumi veikti Cetros posmos, izpetes objekti un
procesi attéloti shema 1. attéla.

| Klijas/ Bran

|

II Kliju enzimatiska
hidrolize/

Bran enzymatic

.

4

t, T, pH vértiba, enzimu koncentracijas, sakot ar
a-amilazes 100 pl (25 U) lidz 500 pl (125 U)
(solis 100 pl (25 U)), un Viscozyme L, sakot ar
300 pl (30 U) Iidz 500 pl (50 U) (solis 50 pl (5
u))/

t, 7, pH value, enzymatic concentration, (a-
amylase concentration from 100 ul (25 U) to
500 ul (125 U) (step 100 ul (25 U)), and
Viscozyme L from 300 ul (30 U) to 500 ul (50

o I?S;r;eégllSka | U) (step 50 ul (5 U))
Bran heat treatment v
™ Ciete, cukuri, kopgjas skiedrvielas, B-glikans,
A4 Ig kopgjas olbaltumvielas/
IV Kliju paraugu Starch, sugars, total fibre, f-glucan, total
fermentacija ar protein
Bifidobacterium lactis
Bb12/ v
Sample fermentation with Efektivaka enzimu koncentracija/
Bifidobacterium lactis Efficient concentration of enzymes
Bb12 >
v v
N Skisto$a sausna, dalinu izmérs, tidens

Bifidobacterium lactis Bb12
koloniju veidojoso vienibu
skaita noteik$ana/
Enumeration of colony
forming units of
Bifidobacterium lactis Bb12

saistiSanas sp&ja, krasas intensitate,
tokohromanoli, kopgjie fenoli, flavonoidi,
tanini, mikrobiologija, mitrums, tidens
aktivitate, pH vertiba, mikrostrukttira/
Soluble solids, particle size, water retention
ability, colour diferences, tocochromanol, total
phenolics, flavonoids, tannins, microbiology,
moisture, water activity, pH value,
microstructure

1. att. Pétijjumu vispareja struktara/

Fig.1. Structure of the research
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I posms. Klijas/ Bran

P&tfjuma pirmaja posma kliju paraugos analizéti fizikalie, kimiskie,
mikrostrukturalie un mikrobiologiskie raditaji.

Il posms. Kliju enzimatiska hidrolize/ Bran enzymatic hydrolysis

Klijju enzimatiska hidrolize notika Udens vanna, ieverojot
temperatiiras, inkubacijas laikus un maisijuma (10 g klijas + 90 ml Gdens) pH.
Enzimu darbibas optimums (temperatiira, inkubacijas laiks, pH) izveleti,
vadoties péc razotagja ,,Novozyme Corporation” (Bagsvaerd, Danija)
rekomendacijam, ka arT vadoties no literatiiras avotiem (Arrigoni, 2001; Pryor
et al., 2012; Lehtinen, 2012; Nordlund et al., 2013). Temperattras kontrolei
izmantoti ,,Elco ExpressThermo” sensori. Inkubacijas beigas automatiski
sagatavots temperatiiras protokols. a-amilazes inaktivacija veikta ar pH vides
paskabinasanu/ normaliz€$anu lidz 4,6+0,2 (Viscozyme L darbibas optimums)
ar 50% citronskabes $kidumu, Viscozyme L darbibas inaktivacijai tika
izmantota temperatiira — 99+1 °C, tas iedarbibas ilgums — 10 miniites. P&c
enzimatiskas hidrolizes klijas atdzesétas Gdens vanna (t — 10+1 °C, t — 10 min),
lidz istabas temperatiirai ( t — 201 °C) un liofiliz&tas.

III posms. Kliju termiska apstrade/ Bran heat treatment

Termiska apstrade veikta Gidens vanna, iev@rojot temperatiiru un
apstrades laiku. Apstradato kliju sagatavosanas procediira bija identiska un ir
veikta vienlaicigi ar enzimatisko hidrolizi, neizmantojot enzimatiskus
preparatus, ka arT netika normalizéta kliju pH vertiba. P&c kliju apstrades
paraugi tika liofilizeti, iepakoti PE maisinos ar biezumu 70 um vakuuma un
uzglabati astonas ned€las nemainigos apstaklos (temperatira 20+1 °C,
relativais mitrums — 40+1%).

IV posms. Kliju paraugu fermentacija ar Bifidobacterium lactis
Bb12/ Bran sample fermentation with Bifidobacterium lactis Bb12

Kliju fermentacijai izvélétas gram-pozitivas, nijinveida anaerobas
Bb12 (Probio-Tec® no Chr. Hansen laboratorijas, Danija) baktérijas, ar
baktériju koncentraciju 10° KVV g*. Bbl2 daudzums, kas sastadija 10’ KVV
g’ (Bb12 10° KVV g™+100 ml 9% fiziologiskais $kidums). No sagatavota
suspensijas skiduma 1 ml inokuléts produkta maisijuma (10 g klijas+90 ml
destiléts fidens). (Bb 12 KVV skaits produkta maisijuma sastadija 10° KVV
g"). Pirms Bbl2 baktériju inokuléianas, lai nomaktu nevélamo (blakus)
mikrofloru, kliju paraugi tika sterilizéti (temperatira 105+1 °C, laiks — 10
minites). Kliju fermentacija tika veikta inkubatora UFP500 (Memmert GmbH
and Co., Vacija). Anaerobu apstaklu nodro$inasanai lietots skabekla (O,)
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absorbents (AnaeroGen™ 3,5 L, OXOID Ltd). Inkub&anas procesa ilgums —
18 stundas, 37+1 °C temperatiira.

Inkubacijas laiks, temperatira un rotacijas intensitate izveleta,
vadoties péc razotaja rekomendacijam un prasibam (Chr. Hansen laboratorija).
Kliju fermentacijas process kontroléts, nosakot sagatavotam maisjjumam pH
vertibu, kas parbaudita ik pec divam stundam. P&c kliju fermentacijas paraugos
noteikts Bb12 koloniju veidojoso vienibu skaits. Talak paraugi tika liofiliz&ti,
izmantojot ,,LABCONCO FreeZone™ liofilizatoru (lllinois, United States)
liofilizésanas laiks — 70+2 h, p&c liofoliz€sanas paraugi uzglabati 72 stundas
sterilos PE vakuuma maisinos ar biezumu 70 pm (temperatira 20+1 °C,
relativais mitrums — 40+1%). P&c kliju uzglabasanas — 72 stundas, paraugiem
atkartoti noteikts Bb12 koloniju veidojoso vienibu skaits, lai parbauditu
bakteriju dzivotspgju.

Pétijumos izmantoto analiZu metoZu raksturojums

Promocijas darba noteiktie raditaji un izmantotas petfjuma metodes
apkopotas 2. tabula. Fizikalas un kimiskas analizes veiktas kontroles, termiski
apstradatiem un enzimatiski hidrolizétiem kliju paraugiem.

2. tabula/ Table 2

Fizikalo un Kimisko raditaju noteik§anas metodes/
Methods of determionation of physical and chemical parametrs

Nr./ No Raditaji/ Indices Metode/ Methods
1. pH vértiba/ pH value AACC 02-52
2 Mitrums/ Moisture content ICC Standard No, 110/ 1
3 Glikoze, fruktoze un maltoze/ Skidruma hromatografijas
Glucose, fructose and maltose metode
4. Udens aktivitate/ Water aktivity 1SO 21807:2004
5 Skistosa sausna, °Brix/ Refraktometriska metode
Soluble solids, °Brix
Krasas komponenti L* a* b*/ Krasu analizators ColorTec
Colour components L* a* b* — PCM Plus 30mm Benchtop
6. -
Colorimeter, MacDougall,
2000
7. Dalinu izméri/ Particle size ASAE metode S319.2
8. Mikrostrukttra/ Microstructure Cornejo-Villegas et al., 2013
9. Kopgjie flavonoidi, mg KE 100 g/ | Guo, 2011
Total flavonoids, mg CE 100 g™
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2.2. tabulas turpinajums/ continue of table 2.2

Nr./ No

Raditaji/ Indices

Metode/ Methods

10.

Kopgjas olbaltumvielas, g 100 g™/
Total protein, g 100 g™

AN 3002

11.

Cietes saturs, g 100 g/ Starch
content, g 100 g™

EN ISO 10520:1998

12.

Kopgjas skiedrvielas, g 100 g™/
Total fibre content, g 100 g™

AOAC No 985.29

13.

B-glikans, g100 g™/
S-glucan g100 g*

EBC Metode 3.11.1

14.

Kopgjie fenoli, mg GSE 100 g™/
Total phenolics, mg GAE 100 g*

Sacchetti et al., 2009

15.

Kopéjie tanini, mg KE 100 g/
Total tannins, mg CE 100 g*

Price etal., 1978

16.

Tokohromanoli, mg 100 g%/
Tocochramanol, mg 100 g™

Gornas et al, 2014

17.

Udens saistidanas spgja, g idens g™/
Water retention ability, g water g™

Maes, Pirotte, 1955

18.

Antiradikala aktivitate (DPPH),
mmol TE 100g™Y/

Antioxidant activity, (DPPH), mmol
TE 100g™

Yen, Chen, 1995

19.

Antiradikala aktivitate, dzelzs
reducésanas pakape (FRAP), mmol
TE 100 g™/

Antioxidant activity Ferric reducing
antioxidant power (FRAP), mmol TE
100g™

Benzie, Strain, 1996

20.

Paraugu sagatavoSana
mikrobiologiskai izvertésanai/
Sample preparation for
microbiological evaluation

LVS EN ISO 4833-2:2014

21,

Barotnu sagatavosana/ Media
preparation

LVS CEN ISO/TS 11133 -
1:2009

22,

Mezofili aerobo un fakultativi
anaerobo mikroorganismu
(MAFAM) kopskaits/

Total plate count of mesophilic
aerobic and facultatively anaerobic
microorganisms

LVS EN ISO 4833-2:2014
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2.2. tabulas turpinajums/ continue of table 2.2

Nr./ No Raditaji/ Indices Metode/ Methods
22 Raugi un pelgjumi/ LVS ISO
' Yeasts and moulds 21527-1:2008,
Pienskabes bakterijas/ 1SO 9332:2003
23. S ;
Lactic acid bacteria

Bifidobacterium lactis Bbl12 bakterijas noteiktas saskana ar
bifidobakteriju  noteikSanas  vadlinijam ,Selective = Enumeration of
Bifidobacteria in Dairy Products: Development of a Standard Method”,
izmantojot selektivo Tioglikolata (Thioglycollate broth USP Alternative)
barotni.

Bifidobacterium lactis Bb12 dzivo $iinu skaita noteik$anai inokulacijas
laika pielietota Gorjajeva kamera (Skudra, Klava, 2008).

Raugu un pienskabes bakteriju identificESana noteikta ar API
biokimiskas teststsisttmas API stripiem — raugiem ar APl ID 32 C, bet
pienskabes bakterijam, izmantojot API 50 CHL stripus.

Datu matematiska apstrade legiito datu apstrade veikta ar SPSS 17,0

(SPSS Inc., Chicago, Illinois) un Microsoft Office Exel 2007 (Redmond,

Washington).

Iegtitie dati analiz&ti, izmantojot aprakstoSo statistiku, analizes, testus
un modelus:
« vienfaktora dispersijas analizi ANOVA (One way ANOVA);
« daudzfaktoru regresijas un korelacijas analize lietota, lai skaidrotu
rezultatus, kas iegiiti, analizgjot kvalitates raditajus;

« dispersijas analiz€ rezultatu atSkiribu pamatoSanai starp pétitajiem

paraugiem izmantoti Sheffe un Tjukija kritériji.

Visiem iegiitajiem rezultatiem aprékinati sekojosi raditaji:

vidgjais aritmétiskais;

standartnovirze;

minimala un maksimala vértiba.

- Korelacijas funkcija tika pielietota, lai izvert€tu dazadu pazimju
savstarpgju kopsakaribu, ka ari pielietota regresijas funkcija un
mazako kvadratu metode. Ja korelacijas vértiba ir 0,5 < | r | <0,8,
tad starp petamajam pazimém ir videji cieSa lineara sakariba, ja
korelacijas vértiba ir | r | > 0,8, tad starp p&tamajam pazimém ir
cieSa lineara sakariba (Arhipova, Balina, 2003)

X3

*

X3

*

R/
0.0
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PETIJUMA REZULTATI UN DISKUSIJA
1. Kliju apstrade un to fizikali kimisko raditaju izmainas

KvieSsu un rudzu kliju kimiskais sastavs un mikrobiologiska
piesarnotiba ierobeZo to izmantojamibu partikas produktu razoSana. Izmantojot
kliju termisko apstradi un enzimatisko hidrolizi ar a-amilazes un Viscozyme L
enzimu preparatiem, iesp&jams izmainit kliju fizikali kimiskos raditajus, esoSo
uzturvielu Ipatsvaru un uzlabot to mikrofloru.

Termiski apstradatas klijas pétitas, lai parbauditu temperatiiras ietekmi
uz kliju fizikalajiem, kimiskajiem un mikrobiologiskiem raditajiem. Savukart
enzimatiskas hidrolizes rezultata paredzets butiski saskelt klijas esoso cieti un
Skiedrvielas, paaugstinot biologiski aktivo savienojumu Tipatsvaru, ka ari
samazinat kliju mikrobiologisko risku.

Lai atrastu efektivakas a-amilazes un Viscozyme L koncentracijas
kvieSu un rudzu kliju cietes un ne-cietes polisaharidu hidrolizei, promocijas
darba laika izstradats kliju enzimatiskas hidrolizes tehnologiskais process, tas
paradits 3. attela.
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Citronskabes
Skiduma (50%)
pievienosana/
adding 50%
citric acid
solution

10 g klijas/ 10 g of bran — 90 ml
v destiléts
tdens/ 90 ml
MaisiSana, T — 3 min, pH 6.6+0.2/ of distilated
agitation, -3 min, pH 6.6+0.2 water
v
Enzimatisk hidrolize, t-55+1 °C, | |  @-amilaze
17— 0.5 h, apgr. — 60 apg. minY/ pievienosana/
enzymatic hydrolysis, t — 547 °C, adding of o-
0.5 h, rpm — 60 rpm min™* amylase
v
MaisiSana, T — 3 min, pH 4.6+0.2/
agitation, t— 3 min, pH 4.6+0.2
v
Enzimatiska hidrolize, t — 44+1 °C, Viscozvime L
1—3.2 h, apgr. — 60 apg. min™Y/ 1scozyn
. - pievienosana/
enzymatic hydrolysis, t — 5541 °C, adding of
]
7—3.2 h, rpm — 60 rpm min Viscozyme L

v
Enzimatiska preparata inaktivacija,
t—99+1 °C, T — 10 min/
Enzyme inactivation, t — 99+/ °C,
7—10 min

v

Produkta atdzeséSana tidens vanna
(t—10£1 °C, T — 10 min) lidz
istabas temperattirai (t — 20+1 °C)/
Product cooling in water bath
(t— 10+ °C), —10 min

v

Kliju liofiliz€sana, t— 72+2h,
t— (- 50 °C) temperatura, p — 0.062
mBar/ Bran freez drying, = 7042h,

t— (- 50 °C), p—0.062 mBar

3. att. Kliju enzimatiska hidrolize/
Fig. 3. Enzymatic hydrolysis of bran
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Kviesu klijas satur vidgji 8,8-24,8 % cietes endospermas, bet rudzu
klijas 17,1-28,3% (Eldin et al., 2009; Radenkovs et al., 2013). Cietes
daudzumu klijas nosaka malSanas tehnologiskais process.

Literatliras avoti liecina, ka, izmantojot dazada veida hidrolitiskos
enzimus, iesp&jams ieverojami samazinat cietes saturu kviesu un rudzu klijas,
vienlaicigi veidojot un atbrivojot biologiski aktivas vielas. Cietes hidrolizes
procesu var ietekmet, varigjot ar temperatiiru vai enzimu koncentraciju, kas dod
iesp&ju kontrolet monosaharidu un oligosaharidu iznakumu.

P&tijuma cietes polisaharidu hidrolizes efektivitate parbaudita, nosakot
cietes saturu paraugos (4. attels).

Cietes saurs, g 100 g-1 sausni/
Starch content,g 100g', DW

TA 25U 50U 750 100U 125U
EDSKK ®DRKK ®RRKK #JSRK

K — Kontrole/ Control; TA — Termiski apstradatas klijas/ Thermal treated; DSKK —
Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvie$u klijas/ Join-stock company (SC)
‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’ rupjas kvie$u klijas/
SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas dzirnavnieks’— rupjas kvieSu
klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS ‘Jelgavas dzirnavas’ — smalkas
rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

4. att. Cietes saturs kliju paraugos, g 100 g sausna/
Fig. 4. Total stach content in bran samples, g 100 g* DW

Petijuma rezultati parada, ka, izmantojot o-amilazi, iespg&jams
samazinat cietes saturu kvieSu un rudzu klijas. Hidrolizgjot klijas ar a-amilazi
ar aktivitati 125 U (500 pl), konstatéts vislielakais cietes satura procentualais
samazinajums. Parauga DSKK cietes saturs samazinajas par 57,7% sausna,
DRKK par 51,9%, RRKK par 55,9% un JSRK par 64,52%.

KvieSu un rudzu klijas ir Skiedrvielu avots, kuras izmanto partikas
ripnieciba, lai paaugstinatu produktu uzturvértibu. Tomér, pievienojot
Skiedrvielas razoSanas procesa, produktam izmainas: garSa, smarza, krasa,
struktiira, un ne vienmér §Is izmainas ir pozitivas. P&tjjuma lietots enzimu
preparats Viscozyme L, kura sastava esoSie enzimi Skiedrvielas saske] par
savienojumiem ar mazaku polimerizacijas pakapi. Zinatniskajos darbos minéts,
ka enzimu izmantoSana lauj samazinat kopgjo Skiedrvielu koncentraciju
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produkta ne vairak par 4,1% (Arrigoni, 2001). Tadel batiski ir noteikt
enzimatiska preparata koncentraciju kliju hidrolizes procesa.

60

5700 3757314 35733 3501

[
Cn

50 o

kiedrvielas,

45 1

gjas §

40 -

2100 g'sausna/

Total fibre, g 100g- DW

35 A

Kop

30 A

®mDSKK ®DRKK ®RRKK ®JSRK

K — Kontrole/ Control; TA — Termiski apstradatas klijas/ Thermal treated; DSKK —
Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvie$u klijas/ Join-stock company (SC)
‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’ rupjas kvie$u klijas/
SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas dzirnavnieks’— rupjas kviesu
klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS ‘Jelgavas dzirnavas’ — smalkas
rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

5. att. Skiedrvielu saturs kliju paraugos, g 100 g sausna/
Fig. 5. Fibre content in bran samples, g 100 g DW

Hidrolizgjot klijas ar Viscozyme L, augstakais kop€jo Skiedrvielu
hidrolizes procentualais samazinajums konstatéts visiem paraugiem, ar 50 U
Viscozyme L (500 ul), vidgji par 14,65%. No iepriek§ minta un no veikta
petijuma ieglto rezultatu analizém var konstatet, ka p&c kliju enzimatiskas
hidrolizes, pateicoties fidenT neskistosa arabinoksilana depolimerizgsanai, dala
Skiedrvielu pariet tident $kistosa forma.

Paaugstinoties $kistosajam arabinoksilanam, palielinas iespgja klijas
izmantot maizes razo$ana, ka ari ka prebiotisko vidi Bb12 baktérijam.

Auzas un miezus uzskata par [-glikana avotu, tomér neliclos
daudzumos to var atrast arT rudzos un kviesos. B-glikans ir D-glikozes polimérs,
kas pieder pie Skistosajam Skiedrvielam. Lai gan tam piemit funkcionalas
Ipasibas, tomer f-glikana klatblitne maina produktu tehnologiskas ipasibas —
razoSanas procesa veidojot viskozus Skidumus. Viskozitates palielinaSanas
Skidumos ir saistita ar lielmolekulara B-glikana Skidibu. Viena no iesp&jam, ka
samazinat B-glikana tendenci veidot viskozus $kidumus, ir polimerizacijas
pakapes samazinasana (EFSA, 2009). Kviesu un rudzu klijas B-glikana saturs ir
vid&ji 1,7 un 3,5 g 100 g™ attiecigi (Karppinen, 2003), tadel kviesu klijas nevar
uzskatit par B-glikana avotu, bet tas ietekmé tehnologiskas ipasibas.
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1.80
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1.00
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0.60
0.40 +
0.20
0.00

sausni/ Content of
p-glucan, g 1008~ DW

B-glikans, g 100 g1

K TA 30U 35U 40U 45U 50U

BDSKK BDRKK BRRKK BIJSRK

K — Kontrole/ Control; TA — Termiski apstradatas klijas/ Thermal treated; DSKK —
Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvie$u klijas/ Join-stock company (SC)
‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’ rupjas kviesu klijas/
SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas dzirmavnieks’— rupjas kviesu
klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS ‘Jelgavas dzirnavas’ — smalkas
rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

6. att. B-glikana saturs kliju paraugos, g 100 g™ sausna/
Fig. 6. #-glucan content in bran samples, g 100 g DW

Vadoties no iegiitajiem rezultatiem par -glikana satura samazinajumu
atkartba no pievienota enzima aktivitates, var secinat, ka visefektivaka
Viscozyme L aktivitate ir 50 U (500 pl Viscozyme L). Apskatot datus no
tehnologiska viedokla, var pienemt, ka, samazinot -glikana polimerizacijas
pakapi enzimatiski hidrolizétas klijas, mainas ta polimerizacijas pakape, kas
lauj produktu izmantot maizes izstradajumos, tas neveidos viskozus $kidumus,
kas ir nevélami miklas riigS§anas procesa.

Cietes un skiedrvielu hidrolizes -efektivitate parbaudita, merot
reducgjoso cukuru (glikoze, fruktoze, maltoze) saturu klijas pirms un péc
hidrolizes ar a-amilazi un Viscozyme L enzimu preparatiem.

Analizgjot zinatnisko literatiru (Kapu$niak, Jay-lin, 2007), redzams,
ka cietes hidrolizes produkts, kas tika veidots, izmantojot amilolitiskos
enzimus, ir maltodekstrins (ASV) jeb rezistents dekstrins (Eiropas Savieniba)
vai nesagremojamais dekstrins (Japana) (Kapusniak, Jay-lin, 2007). Zinatnieks
Miazato sava darba norada, ka maltodekstrins ir neviskozs, viegli raudzgjams,
kalpo ka $kistoso Skiedrvielu avots (Miyazato et al., 2010). Savukart Ohkuma
norada, ka rezistents maltodekstrins atri fermentgjas cilvéka resnaja zarna, ka
rezultata paaugstinas mineralvielu absorbcija (Ohkuma et al., 1990).
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DSKK DSKK DSKK DRKK DRKK DRKK RRKK RRKK RRKK JSRKK JSRK JSRK
K TA 125U, K TA 125U, K TA 1250, TA 1250
50U 50U 50U 50U

m F—Fruktoze/ Frucfose W M — Maltoze/ Malfose B G - Glikoze/ Glucose

K — Kontrole/ Control; TA — Termiski apstradatas klijas/ Thermal treated; DSKK —
Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvie$u klijas/ Join-stock company (SC)
‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’ rupjas kviesu klijas/
SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas dzirnavnieks’— rupjas kviesu
klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS ‘Jelgavas dzirnavas’ — smalkas
rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

7. att. Reducgjoso cukuru (glikoze, fruktoze, maltoze) saturs kliju
paraugos, g 100 g™ sausna/
Fig. 7. Content of reducing sugars (glucose, fructose, maltose) in bran
samples, g 100 g™ DW

Cietes un $kiedrvielu $kel$anas rezultata reducgjoso cukuru (glikoze,
fruktoze, maltoze) saturs visos paraugos palielinajas. Augstakais reducgjoso
cukuru saturs konstatéts enzimatiski hidrolizétiem paraugiem, kas apstradati ar
a-amilazes aktivitate 125 U (500 ul) un Viscozyme L 50 U (500 ul) aktivitati.
Rezultata klijas ir piemérotakas maizes razoSanai, jo kalpo ka substrati
Saccharomyces cerevisiae riigSanas procesu nodro$inasanai.

Kliju sastava ietilpst aleirona slanis, kas bagatigi satur olbaltumvielas.
Kviesu un rudzu klijas vidgji satur 16,0 g 100 g™* sausna olbaltumvielas.

Vairaki autori zinatniskaja literatiira norada, ka, apstradajot klijas ar
hidrolitiskiem enzimiem, iesp&jams paaugstinat Skiedrvielu skidibas pakapi, ka
rezultata notiks vertigo vielu (brivo aminoskabju, kopgjo fenolu) atbrivosana
(Anson et al., 2009; Katina et al., 2012; Coda et al., 2014). Savukart Santala
norada, ka enzimatiskie preparati ir efektivi Skiedrvielu S$iinu sieninu
sadali$anai, kas palidz atbrivot saistitas olbaltumvielas (Santala et al., 2012).
P&tijuma noteikts olbaltumvielu saturs kvieSu un rudzu kliju paraugos
(8. attels).
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rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

8. att. Kopé€jo olbaltumvielu saturs kliju paraugos, g 100 g'1 sausna/
Fig. 8. Total protein content in bran samples, g 100 g™* DW

Apstradajot klijas ar hidrolitiskiem enzimiem, iesp&jams paaugstinas
Skiedrvielu skidibas pakape, ka rezultata notiek vertigo vielu (brivo
aminoskabju, kop&jo fenolu) atbrivosana no kliju strukturaliem komponentiem.
Dotaja petijuma iegitie rezultati liecina, ka p&c enzimatiskas hidrolizes biitiska
(p<0,05) kopgjo olbaltumvielu satura paaugstinasanas nav konstatéta.

Skistosa sausna ir raditajs, kas raksturo vairakas $kistosas vielas,
galvenokart cukuru saturu partikas produktos. Kliju apstrades efektivitates
izvertesanai tika analizéts SkistoSas sausnas saturs p&c kliju enzimatiskas
hidrolizes.

Pamatojoties uz iepriek$ analiz€tiem rezultatiem par kliju kimiska
sastava izmainam (cietes, cukura, kopg&jo skiedrvielu, B-glikanu, kopgjo
olbaltumvielu saturu) p& enzimatiskas hidrolizes, tika pieradits, ka
visefektivaka enzimu aktivitate, kas sp&tu maksimali hidrolizét kliju esosas
sastavdalas, ir a-amilazi — 125 U (500 pl) un Viscozyme L — 50 U (500 pl).
Tade] talakie pétijumi veikti ar iepriekSminéto enzimatisko preparatu
aktivitatem.

Skistosas sausnas rezultati atspoguloti 9. attéla.
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

9. att. Skisto¥as sausnas saturs kliju paraugos, °Brix
Fig. 9. Soluble solids content in bran samples, °Brix

legiitie rezultati parada, ka vislielakais $kisto$as sausnas saturs bija
enzimatiski hidrolizétas klijas no 6,6+0,3 (DRKK) Iidz 9,5+0,3 °Brix (JSRK),
savukart mazakais saturs konstatéts kontroles paraugos no 2,2+0,1 (DRKK)
lidz 3,1+0,1 °Brix (JSRK). Dotie rezultati apstiprina, ka enzimatiskas hidrolizes
laika notika dal&ja kliju sastava esoSo neskistoSo komponentu pareja Skistosa
forma, piemeram, cietes, celulozes, hemicelulozes, arabinoksilana sadaliSanas,
kas paaugstina to $kisto$as sausnas saturu. Apréekinot kopsakaribu starp kopgjo
cukuru daudzumu un $kistosas sausnas saturu klijas (3.14. att€ls), konstat&ta
cie$a kopsakariba (r=0,893).

Kliju Gdens saistiSanas sp&ja ir TpaSiba noturét tideni produkta. Kliju
tidens saistiSanas spé&ja ir atkariga no Skiedrvielu kimiska sastava un struktiiras
(Robertson, Eastwood, 1981). Pieméram, no Robertsons un Estvuds pétijumu
rezultatiem zinams, ka 1 g kliju spgj saistit aptuveni 3,7 g udens, (Robertson,
Eastwood, 1981). No literatiiras avotiem zinams, ka kliju Gidens saistiSanas
sp&ja ir saistita ar neskistoSo Skiedrvielu hidrofilajam Tpasibam un kliju dalinu
izmériem (Esposito et al., 2005).

Analizgjot tidens saistiSanas sp&ju, noteikts, ka pastav butiska (p<0,05)
atSkirtba starp kvieSu un rudzu kliju paraugiem. P&tfjuma rezultati liecina
(10. attels), ka kviesu kliju kontroles paraugos tidens saistiSanas sp&ja bija
3,4340,31 (DSKK), 3,75+0,23 (DRKK), 3,97+0,11 (RRKK), savukart rudzu
klijas 2,08+0,17 g tidens g™
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

10. att. Kliju un enzimatiski hidrolizéto kliju @idens saistiSanas spéja, g
iidens g™/
Fig. 10. Water retention ablility of bran and enzymatically hydrolysed bran, g
of water

Pec kliju enzimatiskas hidrolizes konstatets, ka nepastav bitiskas
(p<0,05) at8kiribas starp kvieSu kliju paraugiem tdens saistiSanas zina.
Savukart rudzu kliju fidens saistiSanas sp&ja bitiski (p<0,05) samazinajas (par
24,08%), ko varétu skaidrot ar neskistoso un skistoSo Skiedrvielu Tpatsvaru un
to attiecibu mainu enzimatiskas hidrolizes laika, ka arT ar cietes saturu
paraugos.

Enzimatiskas hidrolizes laika, Skeloties uzturvielam, mainas kliju
mikrostruktiira un arT dalinu izmers, kas tomer varétu uzlabot kliju 1pasibas, un
klijas biis piemérotakas maizes razoSanai. Dalinu izm@ru ietekm@ malSanas
iekartas un tehnologiskas Tpatnibas. Graudu malSanas procesa rodas
blakusprodukts klijas ar dalinu izmériem no 46 lidz 831 pum (Niderlandes
dzirnavas), no 200 lidz 1000 pm (Somijas dzirnavas) (Noort et al., 2010;
Kamal-Eldin et al., 2009).

Pétijuma noteikti kviesu un rudzu kliju dalinu izméru procentuala
attieciba (1. tabula). Izmainas noverotas gan starp kliju veidiem, gan apstrades
veidiem.
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1. tabula/ Table 1

Relativais dalinu izmérs un sadalijums klijas un enzimatiski hidrolizetas

Kklijas, %/
Relative particle size and distribution in bran and enzymatically hydrolysed
bran, %
Kontroles kvieSu un rudzu klijas/
Control wheat and rye bran
Relativais dalinu izmeérs (um), %/
Relative particle size (um), %
gc\"
E g
=7}
Paraugs/ Samples e £ £ £ £ £ E | g2
3 3 3 3 3 =1 o N T
=) =) ) =) o =) ) L o
Ya) "2 — Ve S e — ~ >
o~ <t o N N — \ 2 O
ubDB
L c
25
5 e
F
DSKK 0.05 | 8.05 | 23.05 | 17.25 | 17.85 | 13.85 | 15.10 | 4.80
DRKK 57.35 | 20.65 | 13.66 | 3.80 | 1.23 | 0.43 | 0.25 2.63
RRKK 89.00 | 560 | 1.30 | 020 | 0.05 | nk” | nk” | 3.85
JSRK 0.06 | 1.80 | 6.30 | 29.40 | 46.7 | 12.8 2.1 0.84
Termiski apstradatas kvieSu un rudzu klijas/
Thermal treated wheat and rye bran
DSKK 0.1 7.60 | 2490 | 1831 | 16.79 | 4.76 | 15.12 2.42
DRKK 56.18 | 22.38 | 12.11 | 4.80 | 2.23 0.13 0.20 1.97
RRKK 8220 | 549 | 1.19 | 0.40 [ 0.08 | nk. | nk’ [ 10.64
JSRK 0.20 121 5.15 274 | 503 | 1113 | 1.01 3.60
Enzimatiski hidrolizétas kvieSu un rudzu klijas/
Enzymatically hydrolysed wheat and rye bran
DSKK nk” | 18.33 | 5.00 167 | 21.67 | 1.67 | 50.33 1.33
DRKK 35.00 | 10.00 | 5.00 | 1.70 | 16.67 | 0.33 | 30.00 | 1.30
RRKK 64.88 | 2.44 171 878 | 1220 | 7.32 | nk.” 2.67
JSRK 39.18 | 9.28 | 412 | 3505 | 5.15 | 443 1.03 1.76

nk.” — nav konstatétas/ not detected; DSKK — Akciju sabiedriba (AS) ‘Dobeles
dzirnavnieks’ — smalkas kviesu klijas/ Join-stock company (SC) ‘Dobeles dzirnavnieks’ — fine
wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’ rupjas kviesu klijas/ SC ‘Dobeles dzirnavnieks’ —
coarse wheat bran; RRKK — AS ‘Rigas dzirnavnieks’— rupjas kviesu klijas/ SC ‘Rigas
dzirnavnieks’ — coarse wheat bran; JSSRK — AS ‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC
Jelgavas dzirnavas’ — fine rye bran
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legiitie rezultati paradija, ka p&c kliju enzimatiskas hidrolizes notika
cietes un ne-cietes polisaharidu sadali$anas, un kliju dalinu izméri samazinajas.
Kliju dalinu izm@ru samazinasana lautu plasak izmantot klijas maizes razosana,
saglabajot maizes kvalitati.

2. Kliju biolegiski aktivo vielu izvertéjums

Graudaugu parstrades blakusprodukts — klijas, ir svarigs biologiski
aktivo savienojumu avots. Ta¢u zinatnieki norada, ka praktiski visas biologiski
aktivas vielas klijas, atrodas saistita veida kliju strukturalos komponentos.
Fenolu savienojumi klijas atrodas saistiti veida ar polisaharidiem. Kliju
apstrade (enzimatiska, mehaniska) nepiecieSama, lai atbrivotu fenolu saistitas
formas un paaugstinatu biologisko vielu pieejamibu cilvéka organismam.

Brivie fenolu savienojumi graudos atrodas augu S$inu vakuolas
(Pandey, Rizvi, 2009), bet konjuggtie fenoli ir esterificéti ar cukuriem un citiem
mazmolekulariem savienojumiem. NeSkisto$as saistitas fenolu savienojumu
formas graudos ir kovalenti saistitas ar SGnu sieninu strukturaliem
komponentiem: celulozes, hemicelulozes, lignina, olbaltumvielam (McKee,
Latner, 2000; Arranz et al., 2010).

Lai panaktu saistito fenola savienojumu atbrivo$anu no $iinu sieninu
strukturaliem komponentiem, ka ari nodroSinatu to biologisko pieejamibu
cilvéka organismam, enzimatiska hidrolize ir viens no veidiem, ka to sasniegt.

Rezultati par kopgjo fenolu saturu kliju paraugos atspoguloti 11. attela.
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kviesu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvie$u klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

11. att. Kopéjo fenolu saturs klijas un enzimatiski hidrolizétas klijas/
Fig. 11. Total phenolics content in bran and enzymatically hydrolysed bran
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Analizgjot rezultatus, tika novérots, ka sakotngji fenolu saturs
kontroles paraugos bija 461,3+17,6 (DSKK), 377,4+0,41 (DRKK), 377,0+9,78
(RRKK) un 520,7+7,17 (JSRK) mg GSE 100 g sausna. Tika noteikts, ka
pastav butiskas (p<0,05) atskiribas starp kviesu un rudzu klijam un paraugiem
ar atSkirigiem dalinu izmériem. Hemerijs norada, ka licla nozime ir dalinu
izm@riem, kada tiek sasmalcinati graudu apvalcini jeb klijas. Petijums pierada,
ka kliju biologiska vertiba pieaug, ja mal§anas procesa iegaist ultra-maza (<150
pm) izméra dalinas un palielinoties virsmas laukumam, tiek paaugstinata
enzimu iedarbiba hidrolizes procesa, gan ar1 klijas sagremojot. Palielinas
konjuggto un brivo fenolu savienojumu disociacija gremosanas trakta (Hemery
etal., 2010).

P&tijuma iegitie rezultati parada, ka kopgjo fenolu ipatsvars ir liclaks
paraugos ar dalinu izméru 215,842 um (DSSK) un 276,0+2 pm (JSRK).

Termiski apstradatos kliju paraugos kopg&jo fenolu saturs samazinajas
vidgji par 25,77%. Izmainas termiski atstradatos kliju paraugos izskaidrojamas
ar fenolu savienojumu termisko nestabilitati. Par to norada arT p&tnieka Vojdilo
un kolégu pétijuma rezultati, ka, karsgjot paraugus 50 °C lidz 70 °C
temperatiira, noverota kop€jo fenolu satura samazinaSanas. Autori secindja, ka
vislielakais kop€jo fenolu samazinajums konstatéts paraugos, kas apstradati 70
°C temperattra (Wojdyto et al., 2007).

Enzimatiski hidrolizétas kvieSu un rudzu klijas kop€jo fenolu saturs
ievérojami paaugstinajas. Lielakais pieaugums v€rojams rudzu kliju paraugos
no 520,7+7,17 lidz 1230,0+42,57 mg GSE 100 g sausna, savukart kviesu kliju
DSKK parauga lidz 730,8+13,05 mg GSE 100 g sausna. No iegiitajiem
rezultatiem par kopg&jo fenolu saturu kliju paraugos, var secinat, ka, izmantojot
enzimatiskos preparatus kliju hidrolizei, var bitiski (p<0,05) atbrivot saistitas
fenolu savienojumu formas no S$iinu sieninu strukturaliem komponentiem,
paaugstinot kliju uzturveértibu, vienlaicigi paaugstinot to ekstrah&Sanas
kapacitati.

No literatiiras avotiem zinams, ka tokohromanoli ir cieSi saistiti ar
graudos esoSiem savienojumiem, bet informacija par enzimatiskas hidrolizes
ietekmi uz tokohromanolu koncentraciju izmainu netika atrasta.

Kamal-Eldin un lidzautoru pétijumi parada, ka galvenais klijas esoSais
tokohromanolu izomérs ir a-un B-tokotrienols. KvieSos a-tokotrienola saturs ir
robezas no 1,1 lidz 2,2 mg 100 g’1 sausna, bet rudzos no 2,7 lidz 6,4 mg
100 g sausna. Kviesu klijas B-tokotrienolu saturs ir robezas no 4,9 lidz 8,1 mg
100 g™ sausna, bet rudzu klijas no 2,3 lidz 4,5 mg 100 g™ sausna (Kamal-Eldin
et al., 2009).

Analizgjot petijuma iegiitos rezultatus, redzams, ka pastav butiskas
(p<0,05) atskiribas starp tokohromanolu saturu kvie$u un rudzu kliju paraugos.
Galvenie tokohromanolu izoméri, kas tika atrasti kviesu kliju paraugos, bija
un [-tokoferols, ka arT a- un [-tokotrienols, savukart rudzu klijas a- un
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[B-tokotrienols. Eksperimenta rezultati par tokoferolu un tokotrienolu saturu
kliju paraugos doti (2. tabula).

2. tabula/ Table 2

Tokohromanolu saturs klijas klijas un enzimatiski hidrolizetas klijas/
Tocochromanol content in bran and enzymatically hydrolysed bran

Tokohromanolu saturs (mg 100 g™ sausna)/
Tocochromanol content (mg 100 g™ DW

N 535 33 z23 23 =

Kliju veids/ S S s 2 ° 2 °2 g

Type of bran g5 25 25 ZE =

Q Q B85 Q 5 9 I

58 R Z8 28 &

3 & NIRNY JORS I X M

Kontrole/
Control
DSKK 2.65+0.06 | 1.94+0.09 | 2.31+0.05 11.18+0.23 18.10+0.20
DRKK 1.8240.04 | 0.99+0.03 | 2.2440.03 11.39+0.12 16.44+0.10
RRKK 0.96+0.02 | 0.47+0.02 | 1.45+0.10 9.13+0.58 12.02+0.60
JSRK 0.74+0.02 | 0.30+0.02 | 6.04+0.09 5.06+0.06 12.16+0.03
Termiski apstradati/
Thermal reateted
DSKK 2.60+0.01 1.67+0.03 | 1.56+0.04 6.13+£0.36 11.96+0.12
DRKK 1.74+0.04 | 0.87+£0.28 | 1.65%0.06 7.14+0.09 11.4+0.07
RRKK 0.91+£0.07 | 0.40+0.04 | 0.98+0.32 5.68+0.10 7.97+0.01
JSRK 0.65+0.08 | 0.27+0.01 | 4.11+0.03 4.54+0.07 9.57+0.07
Enzimatiski hidrolizeti/
Enzymatically hydrolysed

DSKK 1.39+0.02 | 0.91+0.02 | 1.99+0.04 9.15+0.08 13.44+0.07
DRKK 1.03+£0.03 | 0.66+0.01 1.6140.02 7.98+0.15 11.28+0.14
RRKK 0.63+0.01 | 0.29+0.02 | 1.19+0.07 7.19+0.11 9.31+0.05
JSRK 0.45+0.04 | 0.17+0.01 | 4.51+0.07 4.04+0.12 9.17+0.02

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvie$u klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

No iegiitajiem rezultatiem redzams, ka kontroles kviesu kliju paraugos
kopg&jo tokohromanolu saturs bija no 12,02+0,60 (RRKK) Iidz 18,10+0,20
(DSKK), rudzu klijas 12,16+0,03. DomingjoSais izomers, kas tika atrasts
kviesu klijas,bija p-tokotrienols — no 9,13+0,58 lidz 11,39+0,12 mg 100 g*
sausna. Rudzu Kklijas bija B-tokotrienols — 5,06+0,06 (JSRK), a-tokotrienols
6,04+0,09 mg 100 g™ sausna. Salidzinot promocijas darba iegiitos rezultatus ar
Kamal-Eldin datiem, var secinat, ka dotaja pétijjuma kop&jo tokohromanolu
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saturs kontroles kliju paraugos bija augstaks (Kamal-Eldin et al., 2009).
Bitiskas atskiribas ir skaidrojamas ar pielietotas tokohromanolu ekstrahgsanas
metodi. Kamal-Eldin sava p&tijuma tokohromanolu ekstrah&$anai lietoja kalija
hidroksidu (KOH), bet dotaja eksperimenta lietots heksans (CH3(CH,);,CHys).

Analizgjot ieglitos rezultatus péc kliju termiskas apstrades,
a-tokoferola zudumi vidgji sastadija — 5,91%, pB-tokoferola — 12,73%,
a-tokotrienola — 30,79% un B-tokotrienola — 32,63%.

Dota eksperimenta rezultati apstiprina, ka a-tokoferols ir termiski
izturigs savienojums. Apstradajot klijas temperatira, sakot ar 44+1 °C (3,2
stundas), 55+1 °C (0,5 stundas) un 99£1 °C (10£1 min), notika tikai ta dal&ja
degradésana. Zinatnieks Bruskato un kolégi nonaca pie lidziga secinajuma, ka,
apstradajot risu kliju paraugus 100 °C temperatiira, o-tokoferols samazinas par
3%, bet (y+P) tokoferola saturs samazinajas par 13% (Bruscatto et al., 2009).
P&c kliju enzimatiskas hidrolizes kopg&jo tokohromanolu saturs samazinajas un
bija robezas no 9,17+0,02 (DSKK) lidz 13,44+0,07 mg 100 g™ sausna (JSRK).
a-tokoferola zudumi sastadija — 41,12%, B-tokoferola — 42,01%, a-tokotrienola
—21,31% un B-tokotrienola — 22,37%.

Dota eksperimenta iegltic rezultati par tokohromanoliem kliju
paraugos norada, ka péc enzimatiskas hidrolizes a-tokoferola un B-tokoferola
zudumi bija lielaki neka a-tokotrienola un f-tokotrienola.

No literatiiras avotiem zinams, ka pilngraudu produkti ir flavonoidu
avots. Ari Adom un kolégi atrada, ka 79% no kopg&jo flavonoidu daudzuma
graudos koncentr&jas klijas (Adom et al., 2005). Noskaidrots, ka flavonoidi
graudaugos atrodas saistita veida ar cukuriem, ligninu, celulozi, hemicelulozi,
ka ari ar olbaltumvielam (Liu, 2007). Lai panaktu saistito flavonoidu
savienojumu atbrivo$anu no §tinu sieninu strukturaliem komponentiem, ka ari
kliju biologiskas pieejamibas nodro§inasanu cilvéka organismam, iesp&jams
izmantot enzimatisko hidrolizi.

Eksperimentali noskaidrots, ka, izmantojot enzimu o-amilazi —
aktivitate 125 U (500 pl) un enzimu kompleksu Viscozyme L — aktivitate 50 U
(500 pl), iespgjams bitiski (p<0,05) paaugstinat brivo flavonoidu saturu klijas
(12. attels.).
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvieSu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

12. att. Kopejo flavonoidu saturs klijas un enzimatiski hidrolizetas klijas/
Fig. 12. Total flavonoid content in bran and enzymatically hydrolysed bran

Analizgjot iegttos rezultatus, redzams, ka kontroles kvie$u paraugos
flavonoidu saturs bija no 193,2+5,56 (DRKK) Iidz 215,0+10,16 mg KE
100 g* sausna (DSKK), rudzu klijas 214,9+19,70 (JSRK). legttie rezultati
parada, ka nepastav biitiskas atSkiribas starp kviesu un rudzu klijam. Kopgjo
flavanoidu saturu neietekmé kliju dalinu izmérs.

Izveértejot iegiitos rezultatus péc kliju termiskas apstrades, konstatéts,
ka augstas temperatiiras (9941 °C) ietekmes rezultata flavonoidu koncentracija
paraugos nebiitiski (p>0,05) samazinajas.

Enzimatiski hidrolizétas klijas flavonoidu saturs batiski (p<0,05)
paaugstinajas. Parauga DRKK flavonoidu saturs bija 247,5+6,17, parauga
DSKK 259,7421,50, parauga JSRK 282,8+12,14, bet parauga RRKK
242,0+10,82 mg KE 100 g™ sausna.

Lidzigi ka ieprieks, butisku (p<0,05) pieaugumu enzimatiski
hidrolizetas klijas skaidrojam ar saistito flavonoidu pareju briva forma.

Tanini ir plasi izplatiti augu valsts izejvielas. Divi galvenie
savienojumi, kas ir attiecinami pie taniniem, ir proantocianidins (kondens&ta
tanina forma) un hidroliz&€jamais tanins. Kompleksais tanins veidots no abam
§tm formam. Taninu biologiska aktivitate atkariga no polimerizacijas un Iidz ar
to $kidibas pakapes. Polimeriz&ts tanins demonstré zemu biologisko pieejamibu
cilvéka organismam, ka arT zemu fermentacijas sp&ju ar zarnu mikrofloru. Kliju
enzimatiska hidrolize panaktu saistito taninu atbrivoSanu no S§tnu sieninu
strukturaliem komponentiem un nodroSinatu kliju biologisko pieejamibu
cilvéka organismam.
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvieSu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’-— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

13. att. Kopé€jo taninu saturs klijas un enzimatiski hidrolizetas klijas/
Fig. 13. Total tannin content in bran and enzymatically hydrolysed bran

Analizgjot p&tijuma rezultatus par kop€jo tantnu saturu kliju paraugos
(3.18 attels), noteikts, ka sakotngjais to saturs paraugos bija 39,30+3,14
(DSKK), 41,48+3,23 (DRKK), 57,35+3,81 (RRKK) un 73,43+8,10 mg KE 100
g™ sausna (JSRK).

Vislielakais taninu saturs ir noteikts rudzu klijas (JSRK). Kviesu klijas
lielakais taninu saturs ir noteikts RRKK parauga, kam 82,20% sastada dalinas
ar izméru 750 um. Zemakais taninu saturs konstatéts klijas (DSKK) kam
23,05% no kopgja daudzuma sastada dalinas ar izmeru 315 pm un 17,25% ar
izméru 250 um. Rezultati par taninu saturu kvieSu klijas apstiprina
iepriek§mingto, ka kliju dalinu lielums ietekmi taninu saturu.

Termiski apstradajot klijas, kop€jo taninu saturs bitiski (p<0,05)
paaugstinas — 61,91£3,71 (DSKK), 56,64+5,70 (DRKK), 73,44+8,1 mg KE
100 g™ sausna (RRKK), bet paraugam JSRK kopgjo taninu saturs samazinajas
lidz 50,61+4,2 mg KE 100 g™ sausna. Tanina satura paaugstina§anu iesp&jams
skaidrot ar depolimerizaciju augstas temperatiiras (991 °C), pateicoties tam
veidojas savienojumi ar mazu polimerizacijas pakapi un labu $kidibu @deni.
Lidzigu skaidrojumu apraksta zinatnieks Al-Jasser, p&tot merc€Sanas un
cepSanas procesus sorgo (Sorghum) apstradei. Autors norada, ka tanina
koncentracijas palielinaSana var bt ar1 saistita ar to, ka termiskas apstrades
laika notika polifenoloksidazes inhib&Sana, kas ir atbildiga par taninu
oksidesanu (Al-Jasser, 2005).

Izvertejot rezultatus par tantnu saturu klijas pe&c enzimatiskas
hidrolizes, konstatéta taninu satura paaugstinasana — 61,83+7,8 (DSKK),
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73,21+6,5 (DRKK), 71,006, mg KE 100 g sausna (RRKK). Savukart
paraugam JSRK taninu saturs samazinjies lidz 69,66=4,1 mg KE 100 g™ sausna.
Vislielakais taninu picaugums konstatéts DRKK parauga, tanini paaugstinajas
par 76,45%. Bitisku pieaugumu var izskaidrot ar taninu savienojuma formu
Saja parauga, iesp&jams, ka sastava ietilpst vairak hidrolizéjamais tanins, kam ir
lielaks hidroliz€Sanas potencials un Iidz ar to augstaka spg€ja pariet ekstrakta
salidzinajuma ar kondestgto formu.

Fenolu savienojumiem raksturigas antiradikalas 1paSibas, tadel
turpmak pétitas $1s Ipasibas kliju paraugos.

Kliju un enzimatiski hidrolizéto kliju antiradikalas aktivitates parbaude
ar DPPH un FRAP reagentu

P&tijuma rezultati par antiradikalo aktivitati (DPPH metode) parada,
ka kontroles paraugos pastav bitiska (p<0,05) atSkiriba starp kvieSu kliju
paraugiem no dazadiem razotajiem un starp kviesu un rudzu kliju paraugiem.

Termiskas apstrades laika butiskas izmainas netika konstatgtas. Tomeér
izmainas konstat€tas enzimatiski hidroliz&tos kliju paraugos.

Enzimatiski hidrolizétas un kontroles kvieSu un rudzu klijas liecina
(14. attels), ka, izmantojot enzimatiskos preparatus, kliju antiradikala aktivitate
batiski neatSkiras (p>0,05).

Péc kliju enzimatiskas hidrolizes RRKK parauga antiradikala
aktivitate samazinajas no 18,35+0,70 Iidz 15,84+0,59 mmol TE 100 g'l. Viens
no iesp€jamajiem izskaidrojumiem, ar ko var saistit antiradikalas aktivitates
samazinagjumu RRKK parauga,ir tas, ka tomér DPPH metode ir vairak balstita
uz antiradikalas aktivitates noteikSanu, kas attiecas uz kop&jam biologiski
aktivam vielam (tokoferoli, tokotrienoli, aminoskabes, alkilrezorcinoli,
oglhidrati), nevis konkréti uz fenolu savienojumiem. Visi iepriek§mingtie
savienojumi darbojas sinergiski, nododot brivam radikalim (DPPH) elektronu
vai Gidenraza molekulu un padarot to neaktivu (inhib&sana).
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®Kontrole/ Control ™ Termiskiapstradati/ Thermal treated ™ Enzimatiski hidrolizeti Engymatically hydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

14. att. Kliju un enzimatiski hidrolizeto kliju antiradikala aktivitate ar
DPPH metodi, mmol TE 100 g™ sausna/
Fig. 14. Bran and enzymatically hydrolysed bran antiradical activity
determined with DPPH method, mmol TE per 100 g™ of dry weight

Parbaudot antiradikalo aktivitati kliju paraugos, izmantojot FRAP
metodi (15. att€ls) konstatets, ka starp kontroles un enzimatiski hidrolizetiem
kliju paraugiem pastav butiskas (p<0,05) atskiribas. AtSkiribas novérojamas
dazadu razotaju kviesu kliju paraugos. Paraugos no AS ,,Dobeles dzirnavnieks”
ta bija 1,43+0,06 mmol TE 100 g™ sausna (DSKK) un 1,38+0,06 mmol TE 100
g™ sausna (DRKK). Savukart no AS ,,Rigas dzirnavnieks” 1,03+0,12 mmol TE
100 g* sausnd, ko var skaidrot ar kliju izmériem un biologiski aktivo vielu
saturu parauga.

Bitiska atSkirtba tika noverota starp kvieSu un rudzu klijam.
Enzimatiski hidrolizétos rudzu kliju paraugos ir 3,05+0,20 mmol TE 100 g'1
sausna. To var skaidrot lidzigi ka iepriek$ ar kliju izm@riem un biologiski
aktivo vielu saturu paraugos.
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®Kontrole/ Control ™ Termiski apstradati/ Thermaltreated ™ Enzimatiskihidrolizeti/ Engymatically hrydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ —fine rye bran

15. att. Kliju un enzimatiski hidrolizeéto kliju antiradikala aktivitate ar
FRAP metodi, mmol TE 100 g™* sausna/
Fig. 15. Bran and enzymatically hydrolysed bran antiradical activity
determined with FRAP method, mmol TE per 100 g™ of dry weight

Salidzinot rezultatus, var secinat, ka antiradikala aktivitate enzimatiski
hidrolizétas klijas paaugstinajas: JSRK parauga — 2,8 reizes, DRKK — 2,2
reizes, DSKK — 1,7 reizes un RRKK — 1,5 reizes. Antiradikalas aktivitates
paaugstinasanos nodroSina fenolu savienojumu atbrivoSana no kliju
strukturaliem komponentiem enzimatiskas hidrolizes laika.

Nemot véra iegiitos rezultatus, var secinat, ka antiradikalas aktivitates
noteikSana ar FRAP metodi ir vairak piemérota attieciba pret kop&jo fenolu
savienojumiem, t.sk., flavonoidu un taninu saturu.

3. Kliju un enzimatiski hidrolizéto kliju mikrobiologisko raditaju
izvertejums
Kliju mikrofloru un tas attistibu uzglabaSanas laika bitiski ietekme
substrats jeb baribas vide. Domingjos$as mikroskopiskas sénes ir Penicillium
spp., Aspergillus spp., Fusarium spp. Klijas ir graudu argjas un iek$gjas dalas
graudapvalki: perikarpa, testa, hialina un aleirona slani, tadél to mikroflora ir
riska faktors mikrobiologiski dro§am produktam.
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Mezofili aerobo un fakultativi anaerobo bakteriju kopskaits kliju
paraugos

Eksperimentali novérots, ka MAFAM koloniju veidojo$o vienibu
skaits kontroles paraugos neatkarigi no kliju veida bija no 5,50+0,02 g KVV
g (RRKK) Iidz 5,76+0,07 Iy KVV g™ (DRKK) (16. attéls). P&c enzimatiskas
hidrolizes procesa temperatiras un vides pH izmainu rezultata MAFAM
koloniju veidojoSo vienibu skaits batiski (p<0,05) samazinajas par 5,30%
(DSKK), 7,45% (DRKK), 0,95% (RRKK) un 8,05% (JSRK) parauga.

THATHE

DSKK DREKK RRKK JSRK DSKK DRKK RREKK JSRK

MAFAM, lg KVV g/
Total plate count, lg CFU g'!

pirms uzglabaanas/ before storage astota nedela/ after eight weeks

= Kontrole/ Conirol ™ Termiskiapstradati/ Thermaltreated” Enzimatiski hidrolizeti/ Enzymatically hydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvieSu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ —fine rye bran

16. att. Kliju un enzimatiski hidrolizéto kliju mikrobiologiskais
piesarnojums ar MAFAM, Ig KVV g'll
Fig. 16. Bran and enzymatically hydrolysed bran particular microbiological
contamination total plate count Ig CFU g™

Uzglabajot klijas 8 nedg€las, v€rojama pozitiva mikroorganismu
samazinasanas dinamika. MAFAM koloniju veidojoSo vienibu skaits
samazinajas par 25,33% (DSKK), 24,23% (DRKK), 31,07% (RRKK) un
34,32% (JSRK) parauga.

Raugu kopskaits

Savvalas raugi ir tipiska graudu mikroflora, kura graudu malSanas
rezultatd nonak klijas. Rezultati, kas ieglti, parbaudot kliju paraugu
mikrobiologisko piesarnojumu ar raugiem, atspoguloti 17. attéla.
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® Kontrole/ Control ™ Termiskiapstradati/ Thermal treated ™ Enzimatiskihidrolizéti/ Engymatically hydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kviesu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

17. att. Kliju un enzimatiski hidrolizéto kliju mikrobiologiskais
piesarnojums ar raugiem, Ig KVV g/
Fig. 17. Bran and enzymatically hydrolysed bran particular microbiological
contamination with yeasts Ilg CFU g*

Petijuma rezultati parada, ka enzimatiskas hidrolizes rezultata
iespgjams btiski (p<0,05) samazinat raugu koloniju veidojoSo vienibu skaitu.
Enzimatiski hidrolizétam klijam raugu KVV skaits samazinajas DSKK par
7,20%, DRKK par 4,89%, RRKK par 6,31% un JSRK par 11,92%.

Uzglabajot klijas 8 nedglas, v€rojama pozitiva mikroorganismu
samazinasanas dinamika. Raugu koloniju veidojoSo vienibu skaits samazinajas
DSKK par 18,84%, DRKK par 36,85%, RRKK par 33,67%, JSRK par 32,13%.

Pienskabes bakteriju kopskaits

Iegiitie rezultati liecina, ka augstakais mikrobiologiskais piesarnojums
ar pienskabes baktérijam atrasts kontroles variantos, DRKK parauga 5,75+0,04
lg KVV g*, DSKK 5,60+0,05 lg KVV g™ (18. attéls). Enzimatiskas hidrolizes
procesa temperatiiras un vides pH izmainu rezultata pienskabes bakteriju KVV
skaits samazinajas par 8,85% (DSKK), par 26,05% (DRKK), par 3,03%
(RRKK) un par 16,45% (JSRK).
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® Kontrole/ Control W Termiskiapstradati/ Thermal ireated Enzimatiski hidrolizéti/ Enzymatically hydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ —fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ —fine rye bran

18. att. Kliju un enzimatiski hidrolizéto kliju mikrobiologiskais
piesarnojums ar pienskabes bakterijam, Ig KVV g/
Fig. 18. Bran and enzymatically hydrolysed bran particular microbiological
contamination with lactic acid bacteria Iy CFU g™

Konstatéts, ka péc 8 ned€lu uzglabasanas, enzimatisko hidroliz&to
kvieSsu un rudzu kliju koloniju veidojo$o vienibu skaits batiski (p<0,05)
samazinajas, par 25,17% (DSKK), par 47,13% (DRKK), par 27,98% (RRKK)
un par 33,06% (JSRK).

4. Kvie$u un rudzu kliju fermentacija ar Bifidobacterium lactis Bb12

Misdienas zinatnieki pieveér§ arvien lielaku nozimi funkcionalu
produktu izstradei. Sados produktos esoie biologiski aktivie komponenti,
darbojoties viena produkta, ir ar augstaku pozitivo iedarbibu, neka katrs
komponents atseviski izdalits no produkta. Vairaki zinatnieki ir mekl&jusi
iesp&ju graudaugus izmantot ka prebiotisko vidi probiotisko bakteriju attistibai.
Zinot bifidobakteriju spgju asimilét cukurus, var pienemt, ka inokulgjot
bifidobakterijas enzimatiski hidroliz&tas kliju substratos, iesp&jams saglabat to
dzivotsp&ju un aktivitati. P&tijuma sterilas enzimatiski hidrolizétas klijas
pievienotas 10’ KVV ml* Bifidobacterium lactis Bbl2 bakterijas un
fermentétas 18 stundas, 37 °C temperatira, (Bb12 KVV skaits produkta
maisijuma sastadija 10° KVV g™) (19. attéla melna linija).

37



BbI2, Ig CFU g!
[+))
(=]

ey
o

DSKK DRKK RRKK JSRK

Bifidobacterium lactis Bb12,
Ig KVV g/ Bifidebacterium lactis

B Kontrole/ Control ™ Termiskiapstradati/ Th ermal treated " Enzimatiski hidrolizéti/ Engymaticaily hydrolysed

DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kviesu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks - rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

19. att. Bifidobacterium lactis Bb12 koloniju veidojoso vienibu skaits Kliju
paraugos péc fermentacijas/
Fig. 19. Colony forming units of Bifidobacterium lactis Bb12 in bran samples
after fermentation

legttie rezultati liecina, ka p&c fermentacijas Bbl2 skaits visos
kontroles paraugos pieauga (19. attéls) un bija robezas no 8,55+0,04 (DRKK)
lidz 8,86+0,05 (JSRK) Ig KVV g™ parauga. Netika konstatétas atskiribas starp
kviesu un rudzu klijam.

Termiski apstradatos kliju paraugos péc fermentacijas Bb12 KVV
skaita pieaugums mazaks, salidzinot ar kontroli, un bija robezas no 8,21+0,01
lg KVV g* (RRKK) lidz 8,47+0,03 (DSKK) lg KVV g*. Tas skaidrojams ar
kliju struktiir-mehanisko Tpasibu izmainu (cietes klisterizéSanos, olbaltumvielu
denaturacija) un substrata nepieejamibu bakteriju attistibai.

Savukart enzimatiski hidroliz&to kliju paraugos fermentacijas laika ar
Bb12 KVV skaits bitiski (p<0,05) palielingjas, salidzinot ar kontroles un
termiski apstradatiem paraugiem. Bb12 skaits kvieSu kliju paraugos palielingjas
vidgji 1idz 9,29 Ig KVV g skaitu, bet rudzu klijas lidz 9,14 Ig KVV g™.

Fermentacijas laika Bbl2 producg organiskas skabes (skudrskabi,
dzintarskabi, etikskabi, pienskabi), kas ietekm& produkta vides pH. Pec 18
stundu fermentacijas, kvieSu un rudzu kliju substrati, sasniedza optimalo pH
vertibu, kas norada uz Bb12 vairoSanos (20. att€ls).
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvieSu klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

20. att. pH izmainas kontroles (A), termiski apstradatos (B) un enzimatiski
hidrolizétos (C) kliju paraugos fermentacijas laika/
Fig. 20. Changes of pH value during fermentation of enzymatically

hydrolysed bran samples

Kliju uzglabasanas laika ietekme uz Bifidobacterium lactis Bb12

dzivotspeju/

Effect of bran storage time on Bifidobacterium lactis Bb12 viability

Apkopojot rezultatus par Bb12 skaita izmainam uzglabasanas laika,
redzams (21. att.), ka kontroles kliju paraugos péc tris dienu uzglabasanas
baktériju skaits nebutiski (p>0,05) samazinajas. Parauga DSKK par 1,14%,
DRKK par 0,11%, RRKK par 0,79%, un JSRK par 1,58%. Termiski
apstradatos paraugos Bb12 skaits samazinajas par 3,43% (DSKK), par 5,02%
(DRKK), par 7,50% (RRKK) un par 6,09% (JSRK).
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DSKK — Akciju sabiedriba (AS) ‘Dobeles dzirnavnieks’ — smalkas kvie$u klijas/ Join-
stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran; DRKK — AS ‘Dobeles dzirnavnieks’
rupjas kvieSu klijas/ SC ‘Dobeles dzirnavnieks’ — coarse wheat bran; RRKK — AS ‘Rigas
dzirnavnieks’— rupjas kvieSu klijas/ SC ‘Rigas dzirnavnieks’ — coarse wheat bran; JSRK — AS
‘Jelgavas dzirnavas’ — smalkas rudzu klijas/ SC ‘Jelgavas dzirnavas’ — fine rye bran

21. att. Bifidobacterium lactis Bb12 skaits kliju paraugos péc 72
uzglabasanas stundam/
Fig. 21. Number of Bifidobacterium lactis Bb12 in fermented bran samples
after 72 hours of storage

Klijas, kas tika enzimatiski hidrolizétas, Bb12 skaits bija lielaks.

Bakteriju skaits RRKK parauga bija 9,39+0,01 Ig KVV g, DSKK
bija 9,25+0,04 Ig KVV g, DRKK bija 9,20+0,05 Ig KVV g™ un JSRK bija
9,19+0,05 Ig KVV g™. legitie rezultati norada, ka péc kliju enzimatiskas
hidrolizes ievérojami palielingjas reducgjoso cukuru (glikoze, fruktoze,
maltoze) saturs. Zinot Bb12 sp&ju asimilét reducgjosos cukurus, var secinat, ka
enzimatiski hidrolizétas klijas ir noderigs substrats, kas nodrosina Bbl2
baktérijas ar baribas vielam. Rezultata Bb12 saglaba savu dzivotsp&ju péc 72
uzglabasanas stundam.

No iegiitiem rezultatiem var secinat, ka, izmantojot enzimatiskos un
mikrobiologiskos procesus, ir ieglits jauns uzturvértibas zina funkcionals
partikas produkts, kuru var izmantot partikas industrija, pieméram, sauso
brokastu, cepumu, diétisko batoninu, skabpiena produktu gatavosanai.
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SECINAJUMI

Petljuma noteikts, ka kvieSu un rudzu kliju enzimatiskai hidrolizei

optimalais pievienojamais enzima a-amilaze daudzums ir 125 U (500 pl)

10 g™ kliju substrata un Viscozyme L daudzums ir 50 U (500 ul) 10 g*

kliju substrata.

Enzimatiskas hidrolizes rezultata:

¢ kviesSu klijas cietes saturs samazinas vidgji par 55,16%, rudzu klijas
par 64,52%;

¢ skiedrvielu 1patsvars kvieSu klijas samazinas vidgji par 13,12%,
rudzu klijas par 19,26%;

+ reducgjoso cukuru (glikoze, fruktoze, maltoze) saturs kvieSu klijas
palielinas par 171,08%, rudzu klijas par 44,62%.

Kvie$u un rudzu klijas enzimatiskas hidrolizes rezultata pieaug Skistosas

sausnas saturs attiecigi lidz 6,8 un 9,5 °Brix, kas samazina rudzu Kliju

fidens saistiSanas spg&ju.

Enzimatiskas hidrolizes laika samazinas kviesu kliju dalinu izméri un

izmainas to procentuala attieciba, ka arT palielinas kliju krasas intensitate

(vidgji Iidz L* 48,39), kas biitu janem vera jaunu produktu izstrade.

Izmantojot enzimatiskos preparatus kliju hidrolizes procesa var biitiski

(p<0,05) paaugstinat kopg&jo fenolu (vidgji par 85,28%) flavonoidu (par

24,65%) un taninu (38,12%) saturu klijas. B tokoferoli un o un

B tokotrienoli, enzimatiskas hidrolizes laika samazinajas vidgji par 32%.

Nosakot antiradikalo aktivitati paraugos ar DPPH un FRAP metodi,

konstatéts, ka FRAP ir vairak piemérota attieciba pret kop&jo fenolu

savienojumiem, t.sk. flavonoidu un taninu saturu.

Enzimatiskas hidrolizes procesa laika kviesu un rudzu klijas samazinas

MAFAM, raugu, pienskabes bakteriju skaits.

Enzimatiski hidrolizétas kvieSu un rudzu klijas ir piemérots substrats

Bifidobacterium lactis Bb12 baktériju attistibai. Fermentacijas laika KVV

skaits palielinds vid&ji no 5,00 Ig KVV g™ lidz 9,26 Ig KVV g, un tris

dienu uzglabasanas laika tas butiski (p<0,05) nemainas.

Petijuma iegttie dati apstiprina izvirzito hipotézi, ka enzimatiska

hidrolize izmaina kvie$u un rudzu kliju kimisko sastavu un mikrofloru.
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TOPICALITY OF THE RESEARCH

Cereal grains and whole grain products are fibre source for human
organism. Wheat (Triticum aesvtivum L.) and rye (Secale cereale) bran are
grain by-product arising during flour production. In Europe annually arising
approximately 100 million tonnes of by-products arises (estimated in year
2014). Enzymatic hydrolysis of cereal grain by-products will be enable expand
the use of bran in a food industry, thereby reducing the amount of by-product of
cereal products. Enzymatically hydrolysed bran could be applied to food
products in a producing process, such as milk and sour milk products, flour and
meat products.

Wheat and rye bran are composite materials, formed from different
histological layers — outer layer or pericarp (epidermis and hypodermis), inner
layer or pericarp (tube and cross cells), seed coat, hyaline or nuclear epidermis
and aleurone layer.

From the literature it is known that long chain non-starch
polysaccharides in bran interfere the forming of regular (homogeneous),
durable structure of gluten. This complicates mixing process and impairs the
rheological properties of dough. As a result the volume of bread loaf decreases
and accelerates the hardening and crumb becomes darker.

One of the key components that adversely affect the quality of bread is
water insoluble fibres. Several potentialities were discussed for the bran fibre
splitting into oligosaccharides. The fermentation with yeasts (Saccharomyces
cerevisiae), enzymatic hydrolysis (hydrolistic enzymaes) or enzyme adding
directly to the dough with bran mainly was used to decrease the polymerisation
degree of insoluble fibre. Studies have been accomplished as well on the use of
hydrolytic enzymes for whole grain treatment to decrease the polymerisation
degree of insoluble fibre. As a result of hydrolysis the oligosaccharides with
lower polymerisation degree are forming, which better dissolve in the water
and less absorb the water. Due to exposure of a-amylase the hydrolysis of
starch takes place, in which the maltooligosaccharides (1—4-a-position linked
D-glucose unit’s containing polysaccharides) are formed. Several scientific
papers have been published on the affirmative effect of maltooligosaccharides
for delaying of bread crumb hardening and prolongation of shelf life.

As the bran is a composite material of outer layers of grain and milling
by-product, there is a risk of microbiological contamination. Several studies
indicate that due to enzymatic hydrolysis the microflora of bran might change,
as a result improving the safety of bran. Previous research allows formulating
the hypothesis of the doctoral thesis: enzymatic hydrolysis of wheat and rye
bran alters the chemical composition and microflora.

The object of the research work: wheat and rye bran purchased from
the industrial mills at Latvia: Joint Stock Company (SC) “Dobeles
dzirnavnieks” — coarse wheat bran (DRKK), fine wheat bran (DSKK); SC
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“Rigas dzirnavieks” — coarse wheat bran (RRKK); SC “Jelgavas dzirnavas” —
fine rye bran (JSRK).
The hypothesis of doctoral work will be proved by following theses:

1.

2.

3.
4.,

due to enzymatic hydrolysis the chemical composition of bran changes
and the physico-chemical characteristics could be affected;
biologically active compound content in the enzymatically hydrolysed
bran increases;

enzymatic hydrolysis delays the development of microflora in bran;
enzymatically hydrolysed wheat and rye bran provides prebiotic
conditions for development of bacterium Bifidobacterium lactis Bb12.
The following objectives of the research have been advanced: to

investigate the process of enzymatic hydrolysis and evaluate the quality of
obtained product.

To reach the aim of the research, the following tasks have been

nominated:

1.

2.

3.

oo

determine the most efficient concentration of enzymatic preparations
for hydrolysis of bran starch and non-starch polysaccharides;

evaluate the effectiveness of enzymatic hydrolysis by controlling the
starch, dietary fibre and reducing sugar content;

analyse the changes in bran microstructure during the enzymatic
hydrolysis;

apprize the content of biologically active compound content (total
phenolic content including: tocochromanol, flavonoids, tannins) and
antiradical activity in enzymatically hydrolysed bran samples;

assess the changes of bran microflora during enzymatic hydrolysis;
estimate the adequacy of enzymatically hydrolysed bran for
development of bacterium Bifidobacterium lactis Bb12.

The novelty and scientific significance of the work:

For the first time in Latvia an intensified research on the wheat and rye

bran has been carried out:

1.

2.

3.

the physical and chemical composition of wheat and rye bran and its
changes during hydrolysis have been analysed;

the microstructure of wheat and rye bran and its changes during
enzymatic hydrolysis has been evaluated;

biologically active compound’s content: total phenolics, flavonoids,
tannins, tocochromanols and antiradical activity in enzymatically
hydrolysed wheat and rye bran has been determined;

microbiological contamination in bran and its changes during
enzymatic hydrolysis has been determined;
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5. consequently of enzymatical hydrolyse of bran the development of
bacterium Bifidobacterium lactis Bb12 in bran environment could be
possible.

The economic significance of the research:

1. the study provides with a new information about chemical
composition of wheat and rye bran, abundance of the biologically
active compounds, and their changes in content during the enzymatic
process, providing possibility to maximize the use of grain processing
by-product in the food sector;

2. enzymatically hydrolysed bran obtained in the study widens the
possibility of wheat and rye bran application in development of plant
kingdom product’s, providing with biologically high-value products.

APPROBATION OF SCIENTIFIC WORK

The results of the study summarised and published in seven peer-

reviewed scientific publications and two subchapters of a monograph (the list
of publications and attended conferences see on pages 6-8).

Results of study was presented in 11 international scientific and

practical and scientific conferences, congresses and seminars, symposia in
Latvia, United Kingdom, Spain, Russia, as well as the international food
exhibition Riga Food 2013.

MATERIALS AND METHODS
The time and place of study

Experiments have been carried out during period from 2011 to 2015.

LUA Food technology faculty, Department of Food Technology:

«» food analysis laboratory ,,Peter Delles laboratory” (detection of fibre

and protein, fermentation with Bifidobacterium lactis Bb12);

research laboratory of packaging material properties (water activity);

microbiology research laboratory (detection of starch, pH, B-glicane,

microbiological indicators).

Latvia State Institute of Fruit-Growing:

« laboratory of biochemistry (total phenolocs, content tocopherols and
tocotrienols, determination of reducing sugars, bran hydrolysis);

« fruit and berry experimental processing laboratory (sample
liophylisation, bran colour analysis).

RTU Faculty of Materials sciences and Applied Chemistry Department of

Applied Chemistry:

R/
0.0

R/
0.0
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% laboratory of materials sciences (micro-structural research).
Research materials

Bran

Two types of bran with different particle size purchased from three
industrial mills in Latvia were used in experiments:

— The stock company (SC) ‘Dobeles dzirnavnieks’ — fine wheat bran
(DSKK — size 215.8+2 pm); coarse wheat bran (DRKK — size 441.0+2
pm);

— SC ‘Rigas dzirnavnieks’ — coarse wheat bran (RRKK — size 600.0+2
pm);

—  SC “Jelgavas dzirnavas’ — fine rye bran (JSRK — size 276.0+£2 pum).

Untreated bran (control), thermal-treared and enzymatically
hydrolysed bran samples were used in experiments.

Enzymes

Industrial enzyme preparations obtained from ,Novozyme
Corporation” (Bagsvaerd, Denmark) were used in the studies:

1. a-amylase (EC 3.2.1) (extracted from Bacillus amyloliquefaciens) with
endo-activity affecting on a-(1—4)-glycosidic bonds in starch
granules, in that way creating dextrins. Optimal action parameters of
a-amylase are pH 5.0-8.0, temperature 551 °C and incubation time
0,5 h, activity >250 U mI™,

2. Viscozyme L (extracted from Aspergillus spp.) enzyme complex with an
activity 100 U ml*, optimal action parameters pH 4.6+0.2,
temperature 4441 °C and incubation time 3.2 h. Viscozyme L mixture
consist of:

«  Cellulose splitting enzymes:
a) endo-1—4-B-D-glucanase (EC. 3.2.1.4);
b) exo-1—4-B-D-glucanase (EC 3.2.1.74);
¢) B-1—6-glucosidase (EC. 3.2.1.21);
d) exo-B-1—4-glucan-cellobiohydrolase (EC 3.2.1.91).
«» Hemicellulose splitting enzymes:
a) endo-1—4-B-D-xylanase (EC 3.2.1.8), which catalyses 1—4--
D-glycosidic bonds in xylane chain, creating 1—4-p-D-
xylooligosaccharides (KOS);
b) endo-1—3-p-xylanase (EC 3.2.1.32).
Treatment with different enzyme concentrations of a-amylase and
Viscozyme L was performed during bran enzymatic hydrolysis to find the most
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efficient ones for hydrolysis of starch and non-starch polysaccharides in wheat
and rye bran (Table 1).

Bifidobacteria

A lyophilised Bifidobacterium lactis Bb12 starter was used developed
in the Chr. Hansen laboratory, Denmark. The concentration of bacteria was 10°
CFU g™

Structure of the study

Studies of the doctoral thesis were carried out in four stages, the trials
and processes are shown in the Figure 1.

Stage I. Bran

In the first phase of study physical, chemical, microbiological and
micro-structural indices of bran were analysed.

Stage Il. Bran enzymatic hydrolysis

Enzymatic hydrolysis of bran was performed in the water bath
observing the temperature, incubation time and pH of the mixture (10 grams of
bran, + 90 ml of water). Optimal parameters of enzyme activity (temperature,
incubation time, pH) were selected according to recommendations of
manufacturer ,,Novozyme Corporation” (Bagsvaerd, Denmark), as well as data
from literature (Arrigoni, 2001; Pryor et al., 2012; Lehtinen, 2012; Nordlund et
al., 2013). ,,Elco ExpressThermo” sensors were used for temperature control.
An automatic protocol was prepared at the end of incubation process. The
inactivation of a-amylase was performed by acidification/ normalisation of
substratum pH till 4.6+0.2 (optimum for Viscozyme L) using 50% citric acid
solution; inactivation of Viscozyme L was performed in temperature 99+1 °C,
duration of the exposure — 10 minutes. After enzymatic hydrolysis the bran was
cooled in water bath (t — 10+1 °C t — 10 min) up to room temperature (t — 201
°C) and lyophilised.

Stage 1. Bran heat treatment

The thermal treatment of bran was performed in water bath taking into
account the temperature and treatment time. Preparatory procedure was
identical to the enzymatic hydrolysis of bran and was carried out at the same
time without using of enzymatic agents, as well as without normalisation of
bran pH. After thermal treatment the bran samples were lyophilised and
vacuum packed in PE bags (thickness of film 70 pm) and stored for eight
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weeks under invariable conditions (temperature 20+1 °C, relative humidity of
air — 40 + 1%).

Stage IV. Fermentation of bran with Bifidobacterium lactis Bb12

Gram positive rod-shaped anaerobic Bb12 bacteria (Probio-Tec® from
Chr. Hansen laboratory, Denmark) in concentration of 10° CFU g* were
selected for bran fermentation. Amount of Bb12 constitute 10’ CFU g™ (Bb12
10° CFU g™'+100 ml 9% saline). One ml of prepared suspension was inoculated
into product mix (10 g bran + 90 ml distilled water); CFU of Bb12 in the
product mix was 10° g%, Bran samples were sterilised (temperature 105+1 °C,
time of thermal treatment — 10 minutes) before the inoculation with Bb12
bacteria to suppress undesirable microflora. Bran fermentation was carried out
in the incubator UFP500 (Memmert GmbH and Co., Germany). The oxygen
(O,) absorbent was used to ensure anaerobic conditions (AnaeroGenTM 3.5 L,
Oxoid Ltd). Duration of incubation process was 18 hours at the temperature of
37+1 °C.

Incubation time, temperature and rotational intensity were selected
according to manufacturer's recommendations and requirements (Chr. Hansen
laboratory). Fermentation process of bran was controlled by measuring of
mixture pH value every two hours. The number of colony-forming units of
Bb12 was defined in the samples after bran fermentation. The samples were
lyophilised using ,,LABCONCO FreeZonel” (Illinois, United States), freeze-
drying time — 70£2 h. Lyophilised samples were stored in sterile PE vacuum
bags (thickness of film 70 um) at temperature 20+1 °C, and relative humidity
of surrounding air — 40+1%). The CFU of Bb12 in bran samples during storage
of 72 hours was repeatedly established to check the viability of bacteria.

Characteristics of the analysis methods used in the study.

Indices appointed in the doctoral work and applied methods of analyse
are summarized in Table 2. Physical and chemical analyses were performed of
natural bran (control), thermal-treated and enzymatically hydrolysed bran
samples.

Enumeration of Bifidobacterium lactis BB12 bacteria was performed
in accordance with guidelines ,,Selective Enumeration of Bifidobacteria in
Dairy Products: Development of a Standard Method”, using the selective
Thioglycollate media (Thioglycollate broth USP Alternative).

Enumeration of viable Bifidobacterium lactis Bb12 cells at inoculation
was performed by using Gorjajeva camera (Skudra, Klava, 2008).

Identification of a yeasts and lactic acid bacteria established by the
Analytical Profile Index System (API), Analytical Profile Index ID 32 C —
yeasts, Analytical Profile Index 50 CHL — lactic acid bacteria.
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The data statistical processing The processing of data analyse was

carried out by the SPSS 17.0 (SPSS Inc., Chicago, Illinois) and Microsoft
Office Excel 2007 (Redmond, Washington).

The obtained data were analysed using descriptive statistics, analyses,

tests and models:

one way analysis of variance (ANOVA);

multiple regression and correlation analyses was used for

interpretation of the results obtained by testing the quality indicators;

justification of difference among tested sample results was stated by
variance analyses according Sheffe and Tukey's criteria.

Following indicators were calculated for all obtained results:

the average;

standard deviation;

minimal and maximal values.

- Correlation function was used to evaluate interconnection of
various indications mutual relation; the regression function and
the method of least squares were used as well. In case the
correlation value was 0.5 < |r|< 0.8, a mean close linear
relationship among evaluated characters exists, in case the
correlation value is |r|> 0.8, there is a close mean linear
correlation among tested characters (Arhipova, Balina, 2003).
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RESULTS AND DISCUSSION

1. Treatment of bran and their changes in physical-chemical characteristics

Chemical composition and microbiological contamination of wheat
and rye bran limits their availability in production of food products. Bran
physical-chemical parameters and the existing nutrient proportion could be
changed and microflora improved by application of thermal and enzymatic
hydrolysis with a-amylase and Viscozyme L enzyme treatment.

Thermal treated bran has been studied to evaluate the influence of heat
on the physical, chemical and microbiological indices of bran. In the turn as a
result of enzymatic hydrolysis substantial splitting of the starch and fibre
existing in bran is foreseen, thus increasing the proportion of biologically active
compounds, as well as decrease the bran microbiological risk.

Technological process of bran enzymatic hydrolysis was developed
during promotion work to find the most effective concentrations of a-amylase
and Viscozyme L for splitting of starch and non-starch polysaccharides in
wheat and rye bran (Fig. 3).

Total starch content in bran samples

Wheat bran contains on average 8.8-24.8% starch endosperm,
whereas rye bran 17.1-28.3% (Eldin et al., 2009; Radenkovs et al., 2013). The
quantity of starch in the bran is dependent from milling process.

Published data in scientific literature indicate that application of
different hydrolytic enzyme types can significantly reduce the starch content in
wheat and rye bran, at the same time forming and realising biologically active
substances. The process of starch hydrolysis could be affected by varying of
temperature or enzyme concentration, in that way controlling the outcome of
mono- and oligosaccharides.

Effectiveness of starch hydrolysis in this study was verified by
determination of starch content in samples (Fig. 4).

The results of the study show that starch content in wheat and rye bran
can be reduced by using a-amylase. Hydrolysis of bran with a-amylase (activity
U 125 in 500 pl) showed the highest reduction of starch content. Starch content
in the sample DSKK decreased by 57.7% by mass in the dry matte, in DRKK
by 51.9%, RRKK by 55.9% and in JSRK by 64.52%.

Fibre content in bran samples

Wheat and rye bran is a source of fibre, which is used in food industry
to improve the nutritional value of products. However, by adding the fibre
during processing, products could change in: taste, aroma, colour, texture; not
always these changes are desirable. Preparation of enzyme Viscozyme L was
used in the study, containing enzyme, which splits fibre to compounds with
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lower degree of polymerisation. It is referred in scientific papers that use of
enzymes allows to reduce the total fibre concentration not more as on 4.1%
(Arrigoni, 2001). Therefore, it is essential to determine the concentration of
enzymatic preparation for bran hydrolysis process.

The highest reduction of total fibres in all tested bran samples were
observed when hydrolysed by enzyme Viscozyme L with 50 U (500 pl),
ascertained in average of 14.65% (Fig. 5). Experimentally obtained results
confirm that during enzymatic hydrolysis, due to the water-insoluble
arabinoxylan depolymerisation, part of bran fibre turn into water-soluble form.

Due to increase of soluble arabinoxylan, an opportunity to use bran in
the technology of bread making is growing, as well as it is possible to use like
prebiotic environment for Bb12 bacteria cultivation.

B-glucan content in bran samples

Oats and barley are considered as source of f-glucan, however small
quantities of B-glucan could be found in rye and wheat also. B-glucan is a
polymer of D-glucose and belongs to soluble fibres. Although B-glucan has
functional properties, nonetheless the presence of B-glucan changes the
technological characteristics — during production process it creates viscous
solutions. An increase of the viscosity of solutions is associated with solubility
of high-molecular B-glucan. One of the possibilities to reduce the tendency of
B-glucan to create viscous solutions is decrease of polymerisation degree
(EFSA, 2009). Wheat bran and rye bran contains [-glucan on average
1.7 and 3.5 g 100 g, respectively (Karppinen, 2003), therefore wheat bran
cannot be considered as a source of B-glucan, however they have an impact on
the technological characteristics.

The obtained results about reduction of p-glucan content indicate that
the most effective activity have enzyme Viscozyme L with 50 U (500 ul
Viscozyme L) (Fig. 6).

Based on the results of f-glucan content reduction depending from the
enzyme activity, it could be concluded that the most effective activity of
enzyme Viscozyme L is 50 U (500 ul Viscozyme L). Analysing these data from
a technological point of view, it can be assumed that reduction of B-glucan
polymerisation degree in hydrolysed bran will not form viscous solutions which
are undesirable in bread dough fermentation process. It means that hydrolysed
bran could be used in bread making technology.

Content of reducing sugars (glucose, fructose, maltose) in bran
samples

Efficacy of starch and fibre hydrolysis was measured by the content of
reducing sugars (glucose, fructose, and maltose) in bran before and after
hydrolysis with enzymes a-amylase and Viscozyme L.
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Information in the scientific literature (Kapusniak, Jay-lin, 2007)
shows, that product of starch hydrolysis obtained by using amylolytic enzymes
is maltodextrin (US), or resistant dextrin (European Union), or non-digestive
dextrin (Japan) (Kapusniak, Jay-lin, 2007). Scientist Miazato indicates that
maltodextrin is non-viscous, easily fermentable, and is a source of soluble
fibres (Miyazato et al., 2010). Whereas Ohkuma indicates that resistant
maltodextrin have quick fermentation in human large intestine, as a result the
absorption of mineral nutrients increases (Ohkuma et al., 1990).

Content of reducing sugars in all samples increased due to splitting of
starch and fibre. The highest content of reducing sugars was found in
enzymatically hydrolysed samples treated with a-amylase by activity 125 U
(500 pl) and Viscozyme L by activity 50 U (500 ul) (Fig. 7). As a result, the
bran becomes more appropriate for bread making as substratum which could
provide fermentation of Saccharomyces cerevisiae.

Total protein content in bran samples

Bran is composed of aleurone layer, which is rich in protein. Wheat
and rye bran contains protein in average 16.0 g 100 g in dry matter.

Several authors in the literature indicate, that treatment of bran with
hydrolytic enzymes may increase the solubility of fibre and as result a release
of valuable substances could occur (total free amino acids, total phenols)
(Anson et al., 2009; Katina et al., 2012; Coda et al., 2014). In the turn scientist
Chantale indicates, that enzymatic preparations are effective for fibre cell wall
degradation, which helps to release the bound proteins (Chantale et al., 2012).
In this study the protein content in wheat and rye bran samples was evaluated
(Fig. 8).

Processing of bran with hydrolytic enzymes may increase the degree
of soluble fibre, which results in release of valuable substances (free amino
acids, total phenols) from bran structural components. The results of this study
indicate, that significant increase in the content of total proteins after enzymatic
hydrolysis (p<0.05) was not found.

Soluble solids content in bran samples

Soluble solids are an indicator for several soluble substances, mainly
the sugar content in food products. Efficiency of bran processing was evaluated
by analysis of soluble solids content after enzymatic hydrolysis.

Based on the results about different chemical modifications in bran
(starch, sugar, the total fibre, B-glucan, total protein content) during enzymatic
hydrolysis was stated that the most effective enzyme activity for a-amylase is
125 U (500 pl) and for Viscozyme L — 50 U (500 pl). Therefore further studies
were realised by the above mentioned activities of enzymatic preparations.

Results of soluble solid content are reflected in Figure 9.
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The results show that the highest content of soluble solids was in the
enzymatically hydrolysed bran 6.6+0.3 °Brix (DRKK) to 9.5+£0.3 °Brix
(JSRK), while the lowest content was found in control samples from 2.2+0.1
°Brix (DRKK) to 3.1+0.1 °Brix (JSRK). These results confirm that during
enzymatic hydrolysis occurs partial transformation of insoluble components in
bran to soluble form, for example, degradation of starch, cellulose,
hemicellulose, arabinoxylan, which increase the content of soluble solids. A
close correlation (r=0.893) was found in the relationship between total content
of sugars and soluble solids in the bran.

Water retention ability of bran samples

Water retention ability of bran is capability to keep the water in the
product. Water retention ability of bran is dependent on chemical composition
and structure of the fibre (Robertson, Blue, 1981). For example, from studies of
researchers Robertson and Estvuds it is established that 1 g of the bran is able
to retain approximately 3.7 g of water (Robertson, Blue, 1981). Scientific
publications demonstrate that the water retention ability of bran is related with
the hydrophilic characteristics of insoluble fibre and size of bran particles
(Esposito et al., 2005).

Analysis of water retention ability showed significant (p<0.05)
difference between wheat and rye bran samples. The results of studies show
(Fig. 10) that water retention ability of wheat bran control samples was
3.43+0.31 (DSKK), 3.75+0.23 (DRKK), 3.97+0.11 (RRKK) g water
g™, whereas in rye bran samples — 2.08+0.17 g water g™

There was no significant (p<0.05) differences observed during
enzymatic hydrolysis in water retention ability among wheat bran samples. On
the contrary, water retention ability of rye bran significantly (p<0.05)
decreased (for about 24.08%), which could be explained by the proportion of
insoluble and soluble fibre content, and their ratio changes during enzymatic
hydrolysis, as well as with the starch content in samples.

Relative particle size and distribution in bran samples

Due to splitting of nutrients during the hydrolysis of bran, the
microstructure as well as the size of particles changes which could, however,
improve the bran properties and make them more suitable for bread making.
The milling equipment and technological individualities influence the size of
particles. Bran is a by-product of grain milling process with a particle size of 46
to 831 um (Dutch Mill), from 200 to 1000 um (Finnish mills) (Noort et al.,
2010; Kamal-Eldin et al., 2009).

The ratio (%) of particle sizes in wheat and rye bran was detected in
this study (Table 1). Changes were observed both among the bran types and
treatments ways.
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The obtained results demonstrate that during enzymatic hydrolysis
starch and non-starch polysaccharide’s degradation occurs and size of bran
particles decreased.

Reduction of bran particle sizes could enable more extensively to
utilize the bran in bread making, maintaining the quality of bread.

2. Evaluation of biologically active compounds in bran

By-product of cereal processing — bran is an important source of
biologically active compounds. Though scientists indicate that almost all
biologically active substances in the bran are located in bound form into bran
structural components.

Total phenolics content in bran samples

Phenolic compounds located in the bran are associated with
polysaccharides. Bran processing (enzymatic, mechanical) is necessary to
release bound forms of phenols and to increase availability of biologically
active substances for human body.

Free phenolic compounds are located in the plant cell vacuoles
(Pandey, Rizvi, 2009), but the conjugated phenols esterified with sugars and
other compounds with low molecular weight. Forms of bound insoluble
phenolic compounds in the grain are covalently bonded with structural
components in cell walls: cellulose, hemicellulose or lignin, proteins (McKee,
Latner, 2000; Arranz et al., 2010).

Enzymatic hydrolysis is one of the ways how to achieve the release of
phenolic compounds from the cell wall structural components, as well as to
ensure the availability of those to the human organism.

The results of total phenols content in bran samples are represented in
Figure 11.

Review of the results showed that the initial phenolic content in
control samples was 461.3£17.6 (DSKK), 377.4+0.41 (DRKK), 377.0+£9.78
(RRKK) and 520.7+7.17 (JSRK) mg GAE 100 g* in dry matter. Significant
(p<0,05) differences were observed between wheat and rye bran as well as
among samples with different particle sizes.

Scientist Hemery indicates that high importance has particle sizes how
the grain layer has been milled and bran obtained. According to this study
biological value of bran increases if milling ensures ultra-small size of particles
(<150 um), which increases the surface area to be exposed by hydrolysis of
enzymes as well as improve the digestion of bran. It increases the dissociation
of conjugated and free phenolic compounds in the digestive tract (Hemery et
al., 2010).
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Obtained results show that the proportion of total phenolic is higher in
samples with particle size of 215.842 pm (DSSK) and 276.0+2 um (JSRK).

Content of total phenols in thermal-treated bran samples decreased on
average by 25.77%. Changes in the thermal-treated bran can be explained by
the thermal instability of phenolic compounds. It was already stated in the
results obtained by Vojdilo and colleagues that after heating of samples at
50 °C to 70 °C a decrease of total phenolic content was observed. The authors
concluded that the greatest reduction in total phenolic content was observed in
samples processed at temperature of 70 °C (Wojdyto et al., 2007).

The total phenolic content significantly increased in enzymatically
hydrolysed wheat and rye bran. The highest increase was observed in rye bran
samples from 520.7+7.17 to 1230.0+42.57 mg GAE 100 g™ dry matter, while
in wheat bran DSKK it was up to 730.8+13.05 mg GAE 100 g™ dry matter.
Obtained results about the total phenolic content in bran samples allowed to
conclude that application of enzymatic preparations for bran hydrolyses may
significantly (p<0.05) increase the release of phenolic compounds associated in
cell wall structural components, increasing the bran nutritional value, and at the
same time increasing their extraction capacity.

Tocochromanol content in bran samples

From the literature it is well known that tocochromanols are closely
bound with compounds in grains, but there was no information about impact of
the enzymatic hydrolysis on the changes of tocochromanol concentration.

Scientist Kamal-Eldin and jointed authors have found that the main
isomers of tocochromanols in bran are a-tocotrienol and B-tocotrienol. Content
of a-tocotrienol in wheat is within the range of 1.1 to 2.2 mg 100 g™, whereas
in rye — from 2.7 to 6.4 mg 100 g™ of dry matter. While content of B-tocotrienol
in wheat bran is within the range of 4.9 to 8.1 mg 100 g%, and in rye bran from
2.31t04.5mg 100 g™ of dry matter (Kamal-Eldin et al., 2009).

The analysis of obtained results shows that there is significant
(p<0.05) differences between content of tocochromanols in wheat and rye bran
samples. The main isomers of tocochromanol which were found in samples of
wheat bran are o- and p-tocopherols and a- and f-tocotrienols, whereas in rye
bran samples — a- and B-tocotrienols. The results of experiment on the
tocopherol and tocotrienol content in bran samples are described in Table 2.

The obtained results show that content of total tocochromanols in
wheat bran control sample was 12.02+0.60 (RRKK) to 18.10+0.20 (DSKK),
whilst in rye bran 12.16£0.03 mg 100 g™ of dry matter. The dominant isomer
found in wheat bran was B-tocotrienol — from 9.13+0.58 to 11.39+0.12 mg 100
g™ of dry matter. Whereas in the rye bran p-tocotrienol was 5.06+0.06 (JSRK)
and a-tokotrienols 6.04+0.09 mg 100 g™ of dry matter. Results obtained in
current work by the side with data presented from scientist Kamal-Eldin and
co-authors showed higher content of total tocochromanols (Kamal-Eldin et al.,
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2009). These differences can be explained by used method of tocochromanol
extraction: Kamal-Eldin and co-authors have used potassium hydroxide (KOH),
while in current study hexane (CHs(CH,)4,CHs) was used for extraction of
tocochromanols.

During thermal treatment of bran the losses of tocochromanols content
on average were following: a-tocopherol — 5.91%, B- tocopherol — 12.73%,
a-tocotrienol — 30.79% and B-tocotrienol — 32.63%.

The results of current experiment confirmed, that a-tocopherol is
thermal resistant compound. A partial degradation of a-tocopherol was
observed in bran processed at temperatures starting from 44+1 °C (3.2 hours),
55+1 °C (0.5 hours) and till 991 °C (10£1 min). Similar conclusion were
stated by scientist Bruskato and co-authors, who found reduction of
a-tocopherol by 3%, and (y + B) tocopherol by 13% in rice bran processed at
100 °C (Bruscatto et al., 2009). Decrease of total tocochromanol content was
observed also during enzymatic hydrolysis of bran and ranged from 9.17+0.02
(DSKK) to 13.44+0.07 mg 100 g of dry matter (JSRK). The losses of
a-tocopherol reached to 41.12%, B-tocopherol — 42.01%, a-tocotrienol —
21.31% and - tocotrienol — 22.37%.

The results of current experiment indicate that during enzymatic
hydrolysis of bran a-tocopherol and B-tocopherol losses were higher, than
losses of a-tocotrienol and - tocotrienol.

Total flavonoid content in bran samples

Whole grain products are a source of flavonoids. Scientist Adom
together with co-authors has found out that 79% of the total flavonoid content
in grains are located in the bran (Adom et al., 2005). Flavonoids in the cereals
are involving with sugars, cellulose, hemicellulose, as well as with proteins
(Liu, 2007). Enzymatic hydrolysis could be applied in order to achieve the full
release of bound flavonoids from the cell wall structural components, as well as
ensuring the biological availability of bran for human organism.

According to experimental results it is stated that the content of free
flavonoids could be significantly (p<0.05) increased by application of enzymes
a-amylase by activity 125 U (500 pul) and enzyme complex Viscozyme L by
activity 50 U (500 pl) (Fig. 12).

Experimentally obtained results indicate that in control samples of
wheat bran the flavonoid content was from 193.24+5.56 (DRKK) to 215.0+10.16
mg CE 100 g of dry matter (DSKK), whereas in rye bran 214.9+19.70 mg CE
100 g of dry matter (JSRK). According to these results there are no significant
differences between the wheat and rye bran. The total content of flavonoids was
not affected by bran particle size too.

The evaluation of results obtained during thermal treatment of bran
affirms, that high temperature (99+1 °C) has non-essential influence (p>0.05)
on the decrease of flavonoid content in bran.
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The content of flavonoids in enzymatically hydrolysed bran
significantly (p<0.05) increased. Content of flavonoids in sample DRKK was
247.5+6.17, in sample DSKK — 259.7+£21.50, in sample JSRK — 282.8+12.14
and in sample RRKK 242.0+10.82 mg CE 100 g™ of dry matter.

Similarly to above mentioned, significant (p<0.05) increase of
flavonoid content in enzymatically hydrolysed bran could be explained by the
transition of bound flavonoids to free form.

Total tannin content in bran samples

Tannins are widespread in plant raw materials. The two main
compounds referable to tannins are proanthocyanidin (condensed form of
tannin) and hydrolysable tannin. The complicated tannin has been structured of
both these forms. Biological activity of tannins is dependent on pattern of
polymerisation, wherewith from degree of solubility. Polymerised tannin
demonstrates a low bioavailability for the human organism, as well as a low
fermentation capacity by intestinal microflora. Enzymatic hydrolysis of bran
could achieve the release of bound tannin from the cell wall structural
components and ensure the biological availability of bran to the human body.

The research results on total tannin content in bran (Fig. 13) showed
that their initial content in samples was 39.30+3.14 (DSKK), 41.48+3.23
(DRKK), 57.35+3.81 (RRKK) and 73.43+8.10 mg CE 100 g™ of dry matter
(JSRK).

The tannin content most of all is established in rye bran (JSRK). The
highest tannin content in wheat bran sample (RRKK) was found in those
containing 82.20% particles size of 750 um, whereas the lowest content of
tannin was found in the bran sample DSKK, which contains particles 23.05%
size of 315 um and 17.25% size of 250 um. These results confirm the aforesaid
that size of bran particles has an effect on the tannin content.

The thermal treatment of bran significantly (p<0.05) increases the
total content of tannin — 61.91+3.71 (DSKK), 56.64+5.70 (DRKK), 73.44+8.1
(RRKK) mg CE 100 g™ of dry matter by mass, whilst in the sample JSRK the
total content of tannin decreased to 50.61+4.2 mg KE 100 g™ of dry matter. The
increase of tannin content can be explained by depolymerisation process at high
temperature (99+1 °C), when compounds with smaller degree of
polymerisation and good solubility in water have formed. Scientist Al-Jasser in
the same way explained the soaking and cooking processes in sorghum
(Sorghum) processing, explaining the increase of tannin content during heat
treatment by inhibition of polyphenoloxidase, which is responsible for
oxidation of tannins (Al-Jasser, 2005).

The tannin content in bran during enzymatic hydrolysis increases, and
it is: 61.83+7.8 (DSKK), 73.2146.5 (DRKK), 71.00+6.1 (RRKK) mg CE 100
g™ of dry matter. For its part the tannin content in sample JSRK decreased til
69.66+4.1 mg CE 100 g™ of dry matter. The tannin content most of all
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increased in sample DRKK — by 76.45%. The essential increase could be
explained by specific tannin form in this sample, probably this composition
contains more hydrolysable tannins with higher potential of hydrolysis and
wherewith higher ability to turn in extract compare with condensed form.

Phenolic compounds typically have antiradical properties; therefore
further these features have been studied in the bran.

Evaluation of antiradical activity using DPPH and FRAP methods in bran
and enzymatically hydrolysed bran

The results of study on antiradical activity (DPPH method) shows, that
significant (p<0.05) difference exists among various control samples purchased
from different producers and among wheat and rye bran as well.

Significant changes during thermal treatment were not observed.
However, changes were detected in enzymatically hydrolysed bran samples.

The antiradical activity in rye and wheat bran control samples compare
to those hydrolysed by enzymatic preparations did not differ in kind (p>0.05)
(Figure 14).

Antiradical activity during enzymatic hydrolysis of bran sample
RRKK decreased from 18.35+0.70 to 15.84+0.59 mmol TE 100 g™. One of
possible explanations of this phenomena could be a specificity of DPPH
method, which is more based on antiradical activity detection relating to
common biologically active substances (tocopherols, tocotrienols, amino acids,
carbohydrates, alkylresorcinol), instead specifically to phenolic compound
determination. All above mentioned compounds are acting synergistically by
transferring electron or hydrogen molecules to free radical (DPPH), making
them inactive (inhibition).

There was stated that antiradical activity between control and by
enzymes hydrolysed bran samples, when detected by FRAP method (Fig. 15),
significant (p<0.05) differed. Differences were observed in wheat bran samples
from various manufacturers. In samples purchased from SC “Dobeles
dzirnavnieks* the antiradical activity was 1.43+0.06 mmol TE 100 g™ of dry
matter (DSKK) and 1.38+0.06 mmol TE 100 g™ of dry matter (DRKK). In its
part in samples produced by SC ,,Rigas Dzirnavnieks” the antiradical activity
was 1.03£0.12 mmol TE 100 g™ of dry matter, which could be explained by
different bran sizes and content of biologically active substances in sample.

A significant difference was observed between the wheat and rye bran.
By enzymas hydrolysed rye bran contains had 3.05+0.20 mmol TE 100 g of
dry matter. It can be explained, as mentioned before, with bran sizes and
content of biologically active substances in samples.

A comparison of results ascertains that during enzymatic hydrolyses
the antiradical activity in bran increases: in JSRK sample — 2.8 times, DRKK —
2.2 times, DSKK — 1.7 times and in RRKK — 1.5 times. The rise of antiradical
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activity is provided by phenolic compounds disposal from bran structural
components during enzymatic hydrolyses.

Obtained results testify that determination of antiradical activity using
FRAP method is more appropriate concerning to total phenol compounds,
including flavonoid and tannin content.

3. Microbiological assessment of bran and enzymatically hydrolysed bran

The microflora of bran and its development during storage is
significantly affected by the substratum or environment of nutrients. The
prevailing microscopic fungi are Penicillium spp., Aspergillus spp. and
Fusarium spp. Bran is external and internal part of cereal layers: pericarp, testa,
hyaline and aleurone layers, and therefore their microflora is a risk factor for
microbiologically safe products.

Total plate count of mesophilic aerobic and facultatively
anaerobic microorganisms in bran samples

The total plate count (TPC) of microofganisms in all types of bran
(control samples) was found 5.50+0.02 g CFU g* (RRKK) to 5.76+0.07 Ig
CFU g' (DRKK) (Fig. 16). TPC of colony forming units as a result of
temperature and pH of environment during enzymatic hydrolysis process
significantly (p<0.05) decreased: — by 5.30% (DSKK), 7.45% (DRKK), 0.95%
(RRKK) and 8.05% (JSRK).

During storage of bran for 8 weeks a positive dynamics of
microorganism decrease was observed. The total plate count of colony forming
units decreased in this way: by 25.33%, DRKK by 24.23%, RRKK by 31.07%
and JSRK by 34.32%.

The total number of yeasts

Wild yeasts are typical microflora of grains, which during milling
process moves to bran. The results obtained by testing microbiological
contamination of different bran samples are shown in Figure 17.

The results of the study show that enzymatic hydrolysis can
significantly (p<0.05) reduce the number of colony forming units of yeasts. In
enzymatically hydrolysed bran the number of yeast CFU decreased by 7.20% in
DSKK, by 4.89% in DRKK, by 6.31% in RRKK and by 11.92% in JSRK.

During storage of bran for 8 weeks the positive dynamics of
microorganism descrease was observed. The colony forming units of yeasts
decreased in that way: in DSKK by 18.84%, in DRKK by 36.85%, in RRKK by
33.67% and in JSRK by 32.13%.
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Total number of lactic acid bacteria

The highest microbial contamination by lactic acid bacteria (CFU) was
found in control samples, in DRKK sample 5.75+0.04 Iy CFU g™, in DSKK —
5.60+0.05 Ig CFU g™ (Fig. 18). CFU of lactic acid bacteria as a result of
elevated temperature influence and changed pH of environment during
enzymatic hydrolyse process significantly (p<0.05) decreased: by 8.85%
(DSKK), 26.05% (DRKK), 3.03% (RRKK) and 16.45% (JSRK).

It was found that after 8 weeks of storage, in enzymatically hydrolysed
wheat and rye bran the colony forming units significantly (p<0.05) decreased in
that way: 25.17% (DSKK), by 47.13% (DRKK), by 27.98% (RRKK) and by
33.06% (JSRK).

4. Wheat and rye bran fermentation with Bifidobacterium lactis Bb12

Scientists today always have turned more attention to development of
functional products. Biologically active components incorporated in one
functional product have higher positive efficacy than each component
separately. Several scientists have tried to use cereals as prebiotic environment
for development of probiotic bacteria. The ability of bifidobacteria to assimilate
sugars is well known; accordingly a decision could be made that inoculation of
bifidobacteria into substratum of enzymatically hydrolysed bran can save their
viability and activity. In this study the 10’ CFU ml™ Bifidobacterium lactis
Bb12 were added into sterile enzymatically hydrolysed bran and fermented for
18 hours at a temperature of 37 °C (Bb 12 CFU per product mix accounted for
10° CFU g™ (Fig. 19, the black line).

The results show that during fermentation the number of Bb12
increased in all control samples (Fig. 19) and ranged from 8.55+0.04 (DRKK)
to 8.86+0.05 (JSRK) Ig CFU g™ per sample. No difference was found between
CFU in wheat and rye bran.

The increase of Bb12 CFU number in thermal-treated bran samples
after fermentation was lower, by the side of control sample and ranged from
8.21+0.01 Ig CFU g™ (RRKK) to 8.47+0.03 Ig CFU g (DSKK). This is due to
changes in the bran structural-mechanical characteristics (starch gelatinisation
and denaturation of protein) and unavailability of substratum for the
development of bacteria.

While in enzymatically hydrolysed bran samples CFU number of
Bb12 significantly (p<0.05) increased during fermentation in comparison with
the control and thermal-treated samples. The number of Bb12 in wheat bran
salmples increased on average to 9.29 Ig CFU g™, but in rye bran 9.14 Ig CFU
g

Bacteria Bb12 produces organic acids during fermentation (formic
acid, acetic acid, lactic acid, succinic acid) which can affect the pH in the
environment of product. During 18 hours’ fermentation an optimum value of

59



pH in wheat and rye bran substratum has been reached, which indicates on the
development of Bb12 (Fig. 20).

Effect of bran storage time on viability of Bifidobacterium lactis Bb12

Summarization of results on changes in Bb12 bacteria number showed
unsubstantial (p>0.05) decrease during three days of storage of bran control
sample (Fig. 21). After three days of storage minor (p>0.05) decrease was in
control bran samples. The number of Bb12 decreased in DSKK sample by
1.14%, in DRKK by 0.11%, in RRKK by 0.79% and in JSRK by 1.58%.
During the same time the decease of Bb12 bacteria in thermal treated samples
was by 3.43% (DSKK), by 5.02% (DRKK), by 7.50% (RRKK) and by 6.09%
(JSRK).

Number of Bb12 was higher in enzymatically hydrolysed bran.

The population of Bifidobacterium lactis Bb12 bacteria in sample RRKK
was 9.39+0.01 lg CFU g*, in DSKK — 9.25+0.04 Iy CFU g*, in DRKK —
9.20+0.05 lg CFU g* and in JSRK — 9.19+0.05 Ig CFU g™. Reducing sugar
content (glucose, fructose, and maltose) in enzymatically hydrolysed bran is
significantly raised. Since bacterium Bb12 has ability to assimilate reducing
sugars, certainly the enzymatically hydrolysed bran can be useful substratum
providing bacteria Bb12 with nutrients. As a result, bacterium Bb12 retains its
viability during 72 hours of storage.

Obtained results confirm that by enzymatic and microbiological
processes it is possible to obtain new functional food product, which can be
used in the food industry to produce, for example, breakfast cereals, biscuits,
nutrition bars, acidified milk products.
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CONCLUSIONS

In the study was determined, that optimal a-amylase addition for wheat

and rye bran enzymatic hydrolysis is 125 U (500 pl) to 10 g™ of bran

substratum and enzyme Viscoyme L of 50 U (500 pl) to 10 g™ of bran

substratum.

As a results of the enzymatic hydrolysis:

¢+ the starch content of wheat bran decreased in average by 55.16%, in
rye bran by 64.52%;

+ the fibre content of wheat bran decreased in average by 19.26%, in
rye bran by 13.12%;

«+ reducing sugar content (glucose, fructose, maltose) in wheat bran
increased by 171.08%, in rye bran by 44.62%.

The content of soluble solids during enzymatic hydrolysis increased in

wheat and rye bran up to 6.8 °Brix and 9.5, respectively, decreasing water

retention ability of rye bran.

The size of the wheat bran particles have been decreased during the

enzymatic hydrolysis changing their proportion; the colour of bran

intensity increased as well (the value of L* in average to 48.39), that

should be considered when new food products will be developed.

The enzymatic hydrolysis of bran can significantly (p<0.05) increase the

content of total phenolics (in average by 85,28%) flavonoids (by 24.65%)

and tannins (by 38.12%). On the contrary the content of B-tocopherols, as

well as a- and B-tocotrienols decreased during enzymatic hydrolysis, in

average by 32%.

The antiradical activity in the bran samples was defined by two different

methods — DPPH and FRAP, as more appropriate was ascertained FRAP

method, especially in relation to total phenolic compounds, including

flavonoid and tannin content.

Amount of TPC, yeasts, and lactic acid bacteria during the enzymatic

hydrolysis of wheat and rye bran reduces.

Enzymatically hydrolysed wheat and rye bran is applicable substratum for

development of Bifidobacterium lactis Bbl2 bacteria. During

fermentation CFU number in the substratum increased in average from of

5.00 Ilg CFU g™ to 9.26 Ig CFU g™, and did not change significantly

(p<0.05) during three days of storage.

The results of study confirmed the nominated hypothesis, that enzymatic

hydrolysis of wheat and rye bran alters the chemical composition and

microflora.
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