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PETIJUMA AKTUALITATE

Graudaugu produkti ir misu uztura pamats, jo ar oglhidratiem un
olbaltumvielam, ko tie satur, uzpemam gandriz divas treSdalas diena
nepiecieSamo kaloriju, bez tam tie ir svarigs B grupas vitaminu un Skiedrvielu
avots. Diedzetas s€klas, graudi un graudu diglisi uzturd izmantoti jau kops
seniem laikiem. 1782. gada sojas pupu digliSos tika atklats C vitamins, un tos
saka lietot cingas arsteSana.

Literattira atrodami dati par diedzetu kvieSu graudu pievienoSanu maizes
un konditorejas izstradajumiem. Zinatnieku veiktie p&tijumi liecina, ka diedzgti
graudi ir veseligs produkts un, lietojot tos ikdienas uztura, tiek stimuléti
vielmainas procesi, paaugstinata imunitate, kompens€ta vitaminu un
mineralvielu nepietickamiba, normaliz&ts skabju un sarmu lidzsvars, veicinata
organisma attirisanas no nevélamiem vielmainas metabolitiem.

Maizes razosana galvena izejviela ir milti, kas iegiiti no rudzu un kviesu
graudiem. Jaievero apstaklis, ka, graudus samalot, to argjo slani nonem un ka
blakusprodukts rodas klijas. Miltos noklust galvenokart graudu centrala dala.
Kaloriju daudzums rudzu un kvie$u maizei ir gandriz vienads, bet rudzu maizei
piemit lielaka biologiska veértiba — ta ir bagataka ar vitaminiem,
mikroelementiem un Skiedrvielam. Uztura plasi lieto pilngraudu maizes
izstradajumus. Tie ir veseligi, jo no graudiem nav atdalits apvalks un digsts, kas
satur gan taukos $kistoSo E vitaminu, gan GidenT $kistoSos B grupas vitaminus,
mineralvielas, mikroelementus. Siem produktiem piemit lielaka biologiska
vertiba, salidzinot ar maizes izstradajumiem bez graudu piedevas.

Misdienas patéretaji partikas produktiem izvirza loti augstas prasibas —
tiem jabiit izskatigiem, ar augstu uzturvertibu, teicamam sensoram ipasibam, ka
arT viegli atpazistamiem tirgi.

Literatira tikpat ka nav sastopami dati par maizes uzturvertibas
paaugstinaanu, miklai pievienojot biologiski aktivétus rudzu un kailgraudu
miezu graudus, ka arT par graudu fizikali kimiskajam izmainam aktivéSanas
laika. Tap&c radas ideja kvieSu miklai pievienot biologiski aktivétus — digSanas
procesa sakuma stadija esosus — rudzu, kailgraudu miezu un kviesu graudus un
izvert€t jauno maizes izstradajumu kvalitati un biologisko vertibu, ka ari
parbaudit to kvalitati iepakojuma uzglabasanas laika. Veiktie p&tijumi partikas
kéde izejviela — partikas razoSana — uzglabasana — patérétajs dod iesp€ju
paredzet, ka biologiski aktivétu graudu piedeva kvieSu miklai paaugstinas tas
kvalitati un laus iegat biologiski augstvertigu tirgti konkurétsp€jigu produktu ar
teicamam sensoram Tpasibam.

Apkopojot literattra atrastos datus, tika izvirzits promocijas darba
meérkis: izpetit rudzu, kviesu un kailgraudu miezu graudu fizikali ktmisko un
biologisko ipasibu izmainas aktivéSanas laika un iespgjas tos izmantot kvie$u
maizes razoSanas tehnologija.



Darba mérka sasniegSanai izvirziti $adi uzdevumi:

e noteikt graudu aktivéSanas optimalos apstaklus — temperattiru, ilgumu un
gaisa relativo mitrumu;

e  izpétit graudu kvalitativas izmainas biologiskas aktivésanas laika;

e noteikt aktivéto graudu optimalas devas un izvertét kvieSu miklas
kvalitates izmainas p&c aktivétu graudu pievienosanas;

e izstradat kvieSu maizes ar aktivétu kvieSu, rudzu un kailgraudu miezu
graudu piedevu razo$anas tehnologisko panémienu;

e analizét maizes ar aktivétu graudu piedevu fizikali kimisko, sensoro

Tpasibu un struktiiras izmainas;

e  parbaudit jauno produktu kvalitati iepakojuma uzglabasanas laika:

O izpétit maizes kvalitati uzglabasanas laika dazados iepakojumos;

O izpétit maizes struktirmehaniskas 1pasibas uzglabasanas laika dazados

iepakojumos.

PEtijuma novitate — ir izstradata jauna razo$anas tehnologija kvieSu maizei
ar biologiski aktivétu kvie$u, rudzu un kailgraudu miezu graudu piedevu un
izverteta iegiita produkta kvalitate. Pirmoreiz veikti p&tijumi par republika
selekcionéto kailgraudu miezu izmantoSanu kvieSu maizes razoSana. Izstradats
un Latvijas Republikas Patentu valdé iesniegts izgudrojuma pieteikums, kas
akceptéts patenta izsniegSanai (patenta numurs SPK’ : A23D13 / 02, Maize ar
biologiski bagatinatu graudu piedevu).

Darba zinatniskais nozimigums — izpétitas kviesu, rudzu un kailgraudu
miezu graudu fizikali Kimiskas izmainas biologiskas aktivéSanas laika; noteikta
optimala graudu piedeva kvieSu miklai; analizétas reologiskas ipaSibas un
kvalitates izmainas kvieSu miklai ar biologiski aktivétu kvieSu, rudzu un
kailgraudu miezu graudu piedevu. Noverteti iegiito jauno maizes skirnu fizikali
kimiskie un sensorie raditaji. Izpétitas maizes struktirmehanisko Tpasibu
izmainas, ka arf citi kvalitates raditaji uzglabasanas laika dazados iepakojumos.
Izstradatais matematiskais modelis raksturo kriSanas skaitla vértibas izmainas
graudu biologiskas aktivésanas laika atkariba no aktiv&Sanas ilguma.

Darba tautsaimnieciskd nozime - izstradata jauno maizes Skirpu
pagatavoSanas tehnologija. KvieSu maizei ar biologiski aktivétu kvieSu un
kailgraudu miezu graudu piedevu piemit ne tikai augstaka uzturvertiba, bet ar
labakas sensoras TIpasibas, salidzinot ar parasto kvieSu maizi.

ZINATNISKA DARBA APROBACIJA

Par rezultatiem zinots devinas starptautiskas zinatniskas un
zinatniski — praktiskas konferenc€s, seminaros un simpozijos Latvija (LLU),
Belgija, Krievija, Spanija, ASV, Anglija, Polija un Lietuva.

1.Rakcejeva, T., Skudra, L. (2006) Evaluation of wheat bread with biologically
activated rye, wheat and hull-less barley grain additive, 1% Baltic Conference
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on Food Science and Technology FOODBALT — 2006, Kaunas University of
Technology, Kaunas, Lithuania, 25 — 26 of April (referats / oral
presentation).

2.Rakcejeva, T., Skudra, L., Strautniece, E., Legzdina, L. (2005) Sensory
evaluation of wheat bread with germinated grain additive, 6™ Pangborn
Sensory Science Symposium, Harrogate International Centre, Yorkshire, UK,
7—-11 of August (stenda referats / poster presentation,).

3.Rakcejeva, T., Skudra, L., Dukalska, L. (2005) Optimal shelf life prediction
of bread with germinated grains, Culinary Arts and Sciences Global and
National Perspectives, Warsaw, Poland, from 26 of June to 1 of July,
(referats / oral presentation).

4.Rakcejeva, T., Skudra, L. (2005) Investigation on the quality of dough with
germinated grain additive, 11™ International Scientific Conference Research
for Rural Development 2005, LLU, Jelgava, Latvia, 18-21 of May,
(referats / oral presentation).

5.Rakcejeva, T., Skudra, L., Legszdina, L. (2005) Evaluation of chemical
composition and technological properties of germinated cereal grains,
3" International conference Standing on the Shoulders of Grains — What We
Have Learned and Where We are Going, Manhattan, Kansas, USA, 22-26 of
May, (stenda referats / poster presentation).

6.Rakcejeva, T., Skudra, L., Dukalska, L. (2004) Germinated grains in wheat
bread technology, 3™ International Symposium Ensuring the Safety, Quality
and Traceability of Foods, Barcelona, Spain, (stenda referats / poster
presentation).

7.Rakcejeva, T., Skudra, L. (2004) Vitamin content dynamics in grain
germination process, International Seminar on Food Safety and the
Consumer, Brussels, Belgium, (stenda referats / poster presentation).

8.PaxueeBa, T., Cxynpa, L. (2004) 3meHeHHe aMHHOKHCIOTHOTO COCTaBa
03MMOH PKM B Tpollecce NpopamuBaHust, MexayHapoaHas KOH(epeHIHs
MOJIOJBIX Yu€HBIX buosorus — nayka XXI Beka, [lymuno, Poccus, (nocmap /
poster presentation).

9.Rakéejeva, T., Skudra, L. (2004) Diedzeti graudi kvieSu maizes uzturvertibas
paaugstinasanai, International Scientific Practical Conference Innovation
Development Trends of Food Products, LLU, Jelgava, Latvia, (referdts / oral
presentation).

Pétijjumu rezultati apkopoti un publicéti piecos visparatzitos
recenzg€jamos zinatniskos izdevumos latviesu, anglu un krievu valoda, no tiem
divos LZP atzitos izdevumos.
1.Rakcejeva, T., Skudra, L., Strautniece, E., Legzdina, L. (2005) Sensory

evaluation of wheat bread with biologically activated grain, Food Chemistry
and Technology, Kaunas, Lithuania, pp. 48—53.
2.Rakcejeva, T., Skudra, L., Legzdina, L. (2005) Investigation of the quality of
dough with germinated grain additive, International Scientific Conference
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Proceedings Research for rural development, LLU, Jelgava, Latvia,
pp. 182-186.

3.Rakcejeva, T., Skudra, L., Dukalska, L. (2005) Optimum shelf life prediction
of bread with germinated grains, 5" International Scientific Conference
Proceedings Culinary Arts and Sciences Global and National Perspectives
005, Warsaw, Poland, pp. 351-359.

4.Rakcejeva, T., Skudra, L. (2004) Vitamin content dynamics in grain
germination process, International Scientific Conference Proceedings
Research for rural development, LLU, Jelgava, Latvia, pp. 158—-160.

5.PakueeBa, T., Ckynpa, JI. (2004) I[lpumeHeHue TpPOPOIICHHOTO 3€pHa B
MPOU3BOACTBE IMIIEHUYHOrO0 xJeba C LEeNb0 MOBBINICHHS —HIICBOM
menHoctH, International Scientific Practical Conference Innovation
Development Trends of Food Products, Reports, LLU, Jelgava, Latvia,
pp. 54-58.
Sadarbiba ar SIA ,,JLM grupa” Jelgavas razotni izstradats, iesniegts un
apstiprinats izgudrojuma pieteikums.
Stabulnieks, V., Rakéejeva, T., Skudra, L., Karklinpa, D. (2005) Maize ar
biologiski bagatinatu graudu piedevu, iesniegums par patenta izdoSanu Latvijas
Republikas Patentu valdei, patenta numurs SPK’:A23D13/02.
PiedaliSanas izstades:
1.Rakéejeva, T., Skudra, L., Dukalska, L. (2006) Kviesu maizes ar diedz&to
kviesu graudu piedevu uzglabasanas laika pagarinasanas iesp&jas, Izstade
»~Regionala attistiba Latvija 20067, 20.-22. aprilis, Riga, Latvija, (stenda
referats / poster presentation).

2.Rakéejeva, T., Skudra, L., Dukalska, L. (2005) Kviesu maizes ar diedz&to
kvieSsu graudu piedevu uzglabasanas laika pagarinaSanas iespgjas,
International Exhibition ,,Riga Food 2005, 7-10 of September, Riga, Latvia,
(stenda referats / poster presentation,).

3.Rakcejeva, T., Skudra, L. (2003) International Exhibition ,,Riga Food 2003,
10-13 of September, Riga, Latvia (maizes paraugi ar aktivétu kviesu graudu
piedevu / bread samples with activated wheat grain additive).

MATERIALI UN METODES

Pétijumu norises vietas
P&tijumu norises vietas: Latvija (laika no 2003. Iidz 2005. gadam).
e Latvijas Lauksaimniecibas universitate

0 Agronomisko analiZzu zinatniski pé&tnieciska laboratorija (tauku,
kopcukuru, kopproteina, skiedrvielu daudzuma noteiksana).

0 Seklzinibu analizu laboratorija (lipekla, kriSanas skaitla, cietes, mitruma,
Zeleni skaitla noteikSana graudu aktivéSanas laika).

O Partikas tehnologijas katedras laboratorijas: Sensoro analizu laboratorija
(maizes sensora analize); par ERAF Ilidzekliem ierikota Iepakojuma
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materialu Tpasibu izpétes laboratorija (maizes ar aktivétu kviesu graudu
iepakoSana, maizes mikstuma krasas izmainas, mikstuma un garozas
cietibas izmainas uzglabasanas laika); Partikas Tehnologijas fakultates
Partikas produktu analizu laboratorija (mitruma, skabuma, porainibas
izmainu noteikSana maizes paraugos uzglabasanas laika).

e SIA ,JLM grupa” Jelgavas razotnes eksperimentdla ceptuve (graudu
aktivésana klimatiskaja kamera, maizes paraugu cepSana).

e SIA ,,Zelta varpa 5” (maizes porainibas noteikSana; eksperimentalo maizes
paraugu cepsSana).

e A/s ,,Rigas Dzirnavnieks” (miklas ar aktivéto graudu piedevu farinografiska
analize).

o Latvijas Universitates Biologijas institlts (B;, B,, niacina, C, E vitaminu un
aminoskabju analizes).

e Latvijas Universitates Mikrobiologijas un Virusologijas institdts
(glikozamina noteiksana).

e Pétijumos izmantoti: a/s ,,Dobeles Dzirnavnieks” I Skiras kviesu milti
(lipeklis 28%, mitrums 13,8%, pelnvielu daudzums 0,88%); SIA ,,Zelta
varpa 5” 2003. gada razas kvieSu Skirnes ‘Kontrast’ graudi un 2003. gada
razas rudzu Skirnes ‘Voshod’ graudi; Priekulu izméginajumu stacija
selekcionétie 2004. gada razas kailgraudu miezu graudi; dzeramais tidens
graudu skaloSanai un mitrinasanai (atbilstosi LR Ministru kabineta 2003.
gada noteikumiem
Nr. 235 ,,Dzerama udens obligatas nekaitiguma prasibas”); maizei ar aktivetu
graudu piedevu pievienotds izejvielas: pres€tais maizes raugs
(UTN 40003040518-101-2002); cukurs (atbilstosi LR ,Likumam par
cukuru”); sals (LV US 01310005); biezpiena siikalas no a/s ,,Zemgales
piens”.

Izejvielu, pusfabrikatu un gatavas produkcijas kvalitates
raditaju noteik§anas metodes

¢ Graudu mitrums noteikts p&c standarta metodes LVS 272.

e Piemaisijumu daudzums — p&c standarta metodes LVS 271.

o Lipekla saturs — p&c Pertena standarta metodes LVS 275 ar ,,Glutomatic”
iekartu.

e KriSanas skaitlis graudos — péc Hagberga—Pertena standarta metodes
LVS 274.

e Tauku daudzums — péc standarta metodes ISO 6492, izmantojot iekartu
,,Buchi Extraction System B-811”.

o Skiedrvielu saturs — péc standarta metodes ISO 5498 ar iekartu ,,Fibertec
system 1010 Heat Extractor”.

o Kopproteina saturs — pec standarta A4CC 46-20 Kjeldala metodes.
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e Graudu digtspara un digtspéjas noteikSana. Digtspars un digtspgja
raksturo graudu dzivibas norises. Digtspars ir tris diennaktis izdiguso graudu
skaits (%). Digtsp€ja ir piecas diennaktis izdiguso graudu skaits (%). DigSana
norisinas +(16—17) °C temperatiira. P&c trim dienam saskaita izdiguSos graudus
un nosaka digtsparu, bet p&c piecam dienam — digtsp&ju.

e Kopcukuru daudzums noteikts p&c Bertrana metodes, kuras pamata ir
cukuru aldehidu un ketonu grupas oksidéSana, varot $kidumu Felinga reagenta
klatbiitne (bazisks vara oksida skidums).

¢ 1000 graudu masa. Graudu absoliita masa ir 1000 graudu masa gramos,
parrékinata uz sausni.

¢ Graudu stiklainiba raksturo graudu endospermas konsistenci. Endospermu
verte griezuma ar diafanoskopu.

e Aminoskabju saturs noteikts peéc hromatografiskas metodes ar aminoskabju
analizatoru ,,Mikrotechna AAA 831”.

e C vitamina daudzums - péc Tilmansa metodes, kuras pamata ir
L-askorbinskabes ekstrah&Sana no attiecigi sagatavota p&tama materiala ar
skabenskabes Skidumu un 2,6-dihlorfenolindofenolu  parvérSana par
dehidroaskorbinskabi.

o Niacina saturs — p&c Stepanovas metodes ar fotoelektrokolorimetru.

e B, vitamina daudzums — ar fluorimetru ,,Specol 11” p&c Jansena metodes
Jelesejevas modifikacija.

¢ B, vitamina saturs — ar fluorimetru ,,Specol 11” p&c Povolockas, Zajcevas un
Skorobogatovas metodes.

o E vitamina noteikSana balstita uz tokoferola spgju oksideties. E vitaminu
oksidé ar FeCl,, bet dzelzi — ar o, o' — dipiridilu.

¢ Glikozamina daudzums - ar aminoskabju analizatoru ,Mikrotechna
AAA 831”. Izstradata jauna noteikSanas metode: sausam graudu izvilkumam
pievienots N-acetilglikozamins 1 : 1, starp aminoskabém tirozinu un histidinu
paradas maksimums, kas lauj apgalvot, ka tas arT ir meklgjamais glikozamins.

¢ Graudu biologiska aktiveéSana veikta klimatiskaja kamera +25, +30, +35 °C
temperatiira, uzturot konstantu gaisa relativo mitrumu 80%.

e Miklas un maizes masa noteikta, sverot paraugus uz elektroniskajiem
svariem ,,ACCULAB V - 1200”.

e Miklas reologisko 1pasibu izpéte veikta ar farinografu ,,Brabender” péc
standartmetodes /CC — 115/1.

o pH izmainas konstatétas p&c standarta metodes AACC 02 — 52.

e Mitruma saturs maizes paraugos — pec standarta metodes LVS 6496.

e Krasas izmainas maizes izstradajumiem — CIE L#*a*b* krasu sisttma ar
iekartu ,,ColorTec-PCM”.

e Maizes porainiba — ar Zuravlova iekartu.



e Maizes nocepumu - liclakos tehnologiskos zudumus maizes cepSanas
procesa — aprékina péc maizes masas samazinasanas atdzeséSanas laika.

e Maizes noZuvums ir maizes masas zudums uzglabasanas laika, to aprékina
péc maizes masas samazinasanas.

Graudu
Graudu mazgasana Graudu mitrina$ana / aktivesana /
/ Grain washing Grain wetting Grain activation
H,0 t=+20£1 °C H,0 t = +20£1 °C t=+35+1°C;
t=24+1h ¢ =801 %;
t=24+1h

Biezpiena stukalu
uzsildiSana / Heating of
curd whey
t=+18+1°C

Graudu skalo$ana, notecinasana,
sasmalcinasana / Grain rinsing,
drawing off, grinding

Raugs, sals, cukurs, I
skiras kviesu milti /
Yeast, salt, sugar,
wheat flour class |

Izejvielu sagatavoSana,
dozesana / Preparation of
raw materials, dosing

<

Miklas mici$ana / apaloSana, formé&Sana /
Dough making Dough dividing,
T=9-14 min rounding, forming

Miklas dalf$ana, Miklas raudzesana /
Dough fermentation
t=+37£1°C;
¢ = 80+1 %;
7=40+5 min

Pusfabrikatu cep$ana /

Maizes atdzes&$ana / Baking of semifinished
Bread cooling product
t =+(190-240) °C;
T =50+5 min

1. att. KvieSu maizes ar biologiski aktivétu graudu piedevu gatavosanas tehnologija
Fig. 1. Technology for preparation of wheat bread with biologically
activated grain additive

o Sensoras ipasibas. Maizes mikstuma krasas, porainibas, konsistences,
garSas + smarzas 1pasibas noteiktas ar standartmetodi ISO 4121:1987; maizes
patikSanas pakape — izmantojot standartmetodi /SO 4121:1987.
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e Maizes garozas un mikstuma cietibas izmainas uzglabasanas laika noteiktas
ar speka — deformacijas testu, kas veikts ar iekartu ,,UTM” (Ultra Test
Mecmesin — BFG 1000 N).

Maizes paraugu razo$anas tehnologiska shéma apkopota 1. attéla.

KvieSu maizes ar aktivétu kvieSu graudu piedevu iepakoSanas un
uzglabasanas veidi paraditi 2. attéla.

@ Maize / Bread

Iepakosana péc tradicionalas
metodes /
Packaging using traditional
methods

Iepakosana aizsarggazu vide (MAP) /
Packaging in modified protective gas
atmosphere (MAP)

PVC pleve / 30% CO,+ 70% N, 100% CO,

PVC film
30% CO,+ 70% N, + C,HsOH '
PP maisini ar iesmidzinatu C,HsOH / PP bags with C,HsOH vapour I

Perforéti un neperforéti PP maisini / Perforated and unperforated PP bags

2. att. KvieSu maizes ar aktivétu kvieSu graudu piedevu iepakoS$anas un
uzglabasanas shéma
Fig. 2. Packaging and storage scheme of wheat bread with biologically activated
grain additive

Rezultatu matematiska apstrade

leglitajiem  rezultatiem  aprekinati  vidgjie  aritmétiskie lielumi,
standartnovirzes aprékinatas ar programmas Microsoft Excel paketi. Sensora
vert€juma rezultati analiz&ti ar statistiskajam metodém: divfaktoru dispersijas
analizi un Tjukija testu. Uz eksperimentalo datu bazes izstradats matematiskais
modelis. Aprékina piemérs dots kvieSu graudu paraugam, p&tot kriSanas skaitla
izmainas. Modelis izveidots, izmantojot programmu ,,SOLVER” un t — testu.
Analizgjot kvieSu maizes ar aktivétu kviesu graudu piedevu garozas cietibas
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izmainas dazados iepakojuma materialos, iepakosanas vidés un uzglabaSanas
laikos, veikta dispersijas analize, homogenitates un Seft (Sheffe) tests.

PETIJUMU REZULTATI UN DISKUSIJA
Graudu aktivésana

e Graudu aktiveéSana veikta klimatiskaja kamera temperatiiras intervala no
+25 1idz +35 °C un gaisa relativaja mitruma 80%. AktivéSanas laiks 1idz 36 h.

o KriSanas skaitla vértiba kailgraudu mieziem pirms eksperimentu sakuma ir
493 s, kvieSiem — 460 s, rudziem — 173 s. P&c graudu aktivéSanas kri$anas
skaitla vértiba samazinas, un péc 36 stundam visu veidu graudiem ta ir 62 s
(3. att.). Tas saistits ar biokTmisko procesu norisi graudos aktivéSanas laika,
aktivizgjas fermenti, o-amilazes un [-amilazes un notiek cietes Skel$ana, jo
ciete ir nozimigs energijas avots graudu dzivibas procesu norisei.
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3. att. KriSanas skaitla dinamika rudzu, mieZu un kvie$u graudiem biologiskas
aktiveSanas laika
Fig. 3. Dynamics of rye, wheat and hull-less barley grain falling number in
activation time

o Lipekla kvalitativas un kvantitativas izmainas. Rudziem un kailgraudu
mieziem lipekli iegiit neizdevas. Aktivgjot kvieSu graudus laika perioda Iidz
24 h, mitra lipekla daudzums samazinas no 25,40 lidz 3,80%, lipekla indekss —
no 96,14 Iidz 38,00%, novérojama ar lipekla hidratacijas sp&jas samazinasanas
no 213,58 Iidz 171,43%. Turpinot graudu aktivésanu I1dz 36 h, kvieSiem lipekla
kvalitate klGst neapmierinoSa. Tas izskaidrojams galvenokart ar disimilacijas
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procesu norisi, kuras gaita samazinas olbaltumvielu saturs. Literatlira pastav
uzskati, ka diedzESanas laika samazinas arT disulfidsaisu un sulfhidrilgrupu
attiecibu daudzums rudzu graudos un pastiprinas fermenta papaina darbiba
miezos.

e Tauku satura izmainas graudos aktivéSanas laika. Graudus aktivgjot 11dz
24 h, paaugstinas fermentu triacilglicerollipazes un lipoksigenazes aktivitate,
salidzinot ar kontroles paraugiem, biitiskas tauku daudzuma izmainas nav
noverotas.

¢ Kopproteina daudzuma izmainas. Biologiskas aktivé$anas laika graudos
pazeminas kopproteina saturs, jo proteolitisko fermentu iedarbiba notiek
olbaltumvielu $kelSanas. Aktivésanas laika 1idz 24 h kopproteina daudzums
visvairak samazinas rudzos — no 9,72 lidz 1,03%, kvieSos — no 13,18 lidz
12,89%, kailgraudu miezos —no 17,35 Iidz 12,16% (4. att.).

Graudu aktivésanas laiks /

Grain activation time, h

0 3 6 9 12 15 18
Kopproteina daudzums / Total protein content, %
rudzi / rye B kviesi / wheat [ mieZi / barley

4. att. Kopproteina daudzuma samazinajums graudos
Fig. 4. Decrease of total protein content in grains

e Skiedrvielu apjoma izmaipas graudos aktivésanas laika. Skiedrvielu
daudzums graudos, salidzinot ar kontroles paraugiem, aktivéSanas laika lidz
24 h palielinas: rudzu graudos — no 2,59 Iidz 2,83%, kailgraudu miezos — no
1,64 Iidz 2,18% un kvieSos — no 3,22 Iidz 3,34% (5. att.). Tas izskaidrojams ar
amilolitisko fermentu darbibu, kas Skel celulozi un hemicelulozi.
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Skiedrvielu saturs /

Content of dietary fibre, %

kviesi / wheat

rudzi / rye

1 mieZi / barley

24

Graudu aktivesanas laiks 36

Grain activation time, h

5. att. Skiedrvielu satura dinamika graudos
Fig. 5. Dynamics of dietary fibre content in grains

e Kopcukuru satura izmainas. Visaugstakais kopcukuru daudzums ir
neaktivetos rudzu graudos (6,03%), tas ir 2,4 reizes vairak neka kailgraudu
miezos un 1,8 reizes vairak neka kvieSos. Graudus aktivEjot Iidz 24 h,
kopcukuru saturs kailgraudu miezos pieaug 1,3, rudzos - 1,2,
kviesos — 2,0 reizes (6. att.).

Kopcukuru daudzums /
Total content of sugars,
%

0 12 24 36
Aktivesanas laiks / Activation time, h

mieZi / barley B kviesi / wheat E rudzi / rye

6. att. Kopcukuru satura izmainas graudos
Fig. 6. Changes of total sugars in grains
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e Vitaminu daudzuma izmainas graudos aktivéSanas procesa. Graudu
biologiskas aktivé$anas gaita novérojama B; vitamina satura pazeminaSanas
(7. att.). Sis izmainas izskaidrojamas ar metabolisma procesu un biokimisko
reakciju norisi graudos. Lidz 24 h aktivétos kvieSsu graudos B, vitamina
daudzums sartik par 32,10%, rudzos — par 57,78%, kailgraudu miezos — par
17,39%. Vitamina satura samazina$anas izskaidrojama ar to, ka B; vitamins
ietilpst fermenta piruvatdekarboksilazes sastava un piedalas oglhidratu
veidoSanas un sadaliSanas procesos grauda, ka ari piedalas pirovinogskabes
Skelsana.
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7. att. B, vitamina satura samazinasanas graudos aktivéSanas procesa
Fig. 7. Decrease of B, vitamin content in the grain activation process

B, vitamina daudzums lidz 24 h aktivétos graudos palielinas: rudzos — par
45,5%, kvieSos — par 54,5%, kailgraudu miezos — par 88,9% (8. att.).
Kailgraudu miezu un kvieSu graudos vitamina daudzuma palielina$anas notiek
gandriz vienadi. Rudzi ir bagataki ar B, vitaminu, ta satura palielinagjums
graudos notiek intensivak. Tas izskaidrojams tadgjadi, ka miera periods
rudziem ir Tsaks, tapec arT dzivibas procesi norisinas daudz intensivak neka
kvieSos un miezos.

Neaktiveti kviesu graudi ir par 70,10% bagataki ar niacinu neka rudzi un
par 57,23% neka kailgraudu miezi. Kailgraudu miezu un rudzu graudos
aktivéSanas laikd nov€rojama intensivaka niacina daudzuma palielinasanas.
Salidzinot ar kontroles paraugiem, niacina saturs kviesu graudos, aktivgjot lidz
24 h, pieaug 1,3 reizes, rudzos — 2,6 reizes, kailgraudu miezos — 2,1 reizi.

Jaatzime, ka neaktivétos graudos C vitamins nav konstatets un tas sintezgjas
tikai aktivéSanas laika. Visintensivaka C vitamina sint€ze 24 h aktivéSanas
procesa novérojama kvieSu un rudzu graudos, sasniedzot attiecigi 71,0 un
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69,4 mg kg', bet kailgraudu miezos C vitamins sintez&jas tikai
26,9 mg kg

-1

B, vitamina saturs /
Content of vitamin B,
mg kg

Graudu aktivéSanas laiks / Grain activation time, h
& miczi / barley W kviesi / wheat A rudzi/rye

8. att. B, vitamina satura izmainas graudos aktivé§anas procesa
Fig. 8. Changes of vitamin B, content in the grain activation process

lidz

Straujak E vitamina saturs palielinas rudzos un kviesos. Graudus aktivgjot
lidz 24 h, rudzos vitamina daudzums palielinas 6,2 reizes, kvieSos — 6,5 reizes

un kailgraudu miezos — 1,7 reizes.

o —w

e Neaizstajamo aminoskabju sastava izmainas graudu aktiveSanas laika.
Salidzinot ar neaktivétiem rudziem un kvieSiem, visbagatakie ar neaizstadjamam

aminoskabeém ir neaktiveti kailgraudu miezi (9. att.).
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9. att. Kop€jo neaizstajamo aminoskabju satura izmainas graudos aktivéSanas

laika

Fig. 9. Changes of the content of total irreplaceable amino acid in grains at the

activation time
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Graudus aktivgjot 11dz 24 h, neaizstajamo aminoskabju daudzums kailgraudu
miezos samazinas par 18,8%, kvieSos — par 17,4%, rudzos — par 47,4%. Tas
izskaidrojams ar aminoskabju pastiprinato izmantoSanu graudos biokimiskas
reakcijas dzivibas procesu norisg.

¢ Glikozamina satura izmainas. Visvairak glikozamina ir neaktivétos kviesu
(0,023 g 100g™") un rudzu (0,024 g 100 g") graudos (10. att.). Neaktivétos
kailgraudu mieZos ta ir tikai 0,01 g 100 g
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10. att. Glikozamina satura izmainas graudu aktivesanas laika
Fig. 10. Changes of glycosamin content during grain activation

Salidzinot ar neaktivétiem graudiem, glikozamina saturs visstraujak —
4,7 reizes — palielinas 24 h aktivetos kailgraudu miezos, rudzos un kvieSos —
1,7 reizes. Glikozamins ka biologiski aktivs savienojums, kas ietilpst
glikopeptidu sastava, ir imunitates mediators cilvéka organisma. Pievienojot
miklai graudus, kas satur glikozaminu, paaugstinas maizes biologiska vértiba.

KvieSu miklas kvalitates izvertéjums

e Miklas reologijas izvértejums. Izpétitas kviesu miklas reologisko pasibu
izmainas péc 24 un 36 h aktivétus kvieSu, rudzu un kailgraudu miezu graudu
pievienoSanas. Augstaki kvalitates parametri iegiti kvieSu miklai ar 24 h
aktivétu kviesu graudu piedevu (25% no miltu masas). Péc 24 stundas aktivétu
kvieSu graudu pievienosanas miklas kvalitates vértiba palielinas lidz 200 FU
(11. att.). Salidzinot ar kontroles paraugu, miklas stabilitate nedaudz
samazinas — par 0,2 min. Miklas konsistence atbilst 392 FU ar #dens
absorbcijas sp&ju 43,3 %, miklas veidosanas laiks ir 2,7 min. Kaut arT §adai
miklai ir neapmierinosa izpliistamibas pakape, no tas ceptai maizei, ir laba
kvalitate.
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11. att. Miklas parauga ar 24 h aktivétu kvieSu graudu piedevu farinogramma
Fig. 11. Pharynogram for the dough with wheat grain additive activated for 24 h

Miklai, kurai pievienoti 24 h aktivéti rudzu graudi 35% no miltu masas,
kvalitates vertiba ir par 76,5% zemaka neka kontroles paraugam. Stabilitate ir
zema, ta ir lidziga ka miklai ar 36 h aktivétu kviesu graudu piedevu. Miklas
izpliistamibas pakapes vertiba ir apmierinosa — 121 FU, veidoSanas laiks — par
1,3 min Tsaks neka kontroles paraugam un miklai ar 24 h aktivétu kviesu
graudu piedevu. No $adas miklas ceptai maizei ir laba kvalitate.

Miklai, kurai pievienoti 24 h aktivéti kailgraudu miezi 45% no miltu masas,
kvalitates vertiba ir 3,8 reizes zemaka neka kontroles paraugam, miklas
stabilitate nav lidziga ka kontroles paraugam — 3,3 min, ta¢u produktam ar $adu
graudu piedevu ir laba kvalitate.

Miklas reologisko Tpasibu bitiska pasliktinasanas péc 36 h aktivétu graudu
pievienoSanas skaidrojama ar lipekla kvalitates izmainam graudu aktivéSanas
laika — notiek dal&ja olbaltumvielu proteolize. Novérojama disulfidsaiSu skaita
samazina$anas un sulfhidrilgrupu daudzuma palielinasanas. Skelas galvenokart
sléptas disulfidsaites (albuminos un globulinos). Graudus aktivgjot lidz 24 h,
disulfidsaites tiek saSkeltas tikai par 19%, bet sléptas disulfidsaites paliek
neaiztiktas — Iidz ar to lipekla kvalitate biitiski nemainas. Ja graudus aktivé
ilgak, disulfidsaiSu skaits samazinas par 64%, sléptas disulfidsaites saskelas par
58% un notiek lipekla dezagregacija.

e Miklas fizikali kimisko parametru raksturojums. Viszemakais miklas
skabuma raditajs ir paraugam ar aktivétu kvieSu graudu piedevu, jo tas apjoms,
salidzinot ar rudzu un miezu graudu piedevu, ir vismazakais — 25% no miltu
masas.
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Paaugstinats mitrums konstatets miklas paraugam, kam pievienoti aktiveti
rudzu graudi 35% no miltu masas. Tas izskaidrojams ar graudu palielinato
iidens adsorbciju aktivesanas laika.

Gatava produkta kvalitates izvertéjums

Par labakajiem atziti maizes paraugi, kurus gatavojot kvieSu miklai
pievienoti samalti 35% rudzu, 45% kailgraudu miezu un 25% kvieSu graudi
(12. att).

A

12. att. KvieSu maizes paraugi: kontroles (A), ar aktivétiem kvieSiem (B),
rudziem (C), kailgraudu mieZiem (D)

Fig. 12. Wheat bread samples: control (A), with activated wheat (B),
rye (C), hull-less barley (D) grain

® Maizes mikstuma krasas intensitates novertéjums. Visintensivaka maizes
mikstuma krasa (L*) — 74,58 — ir kontroles paraugam, ta butiski atskiras no
eksperimentos iegiito izstradajumu krasas. PE&tfjumos konstatéts, ka kviesu
maizei pec aktivetu graudu pievienosanas mikstums kliist tumsaks.

® Maizes porainibas, mitruma un pH novértéjums. Vislabaka porainiba ir
kvieSu maizei ar aktivetu kvieSu graudu piedevu 25% no miltu masas — ta ir
par 8,2% augstaka neka kontroles paraugam. Tas izskaidrojams ar intensivaku
rigSanas procesa norisi mikla, kurai pievienoti aktiveti kviesu graudi. Mikla ir
samazinats sausnas saturs, kas palielina raugu aktivitati. Maizes porainiba
izstradajumiem ar rudzu un kailgraudu miezu piedevu ir zemaka neka kontroles
paraugam, jo graudu piedeva (35% rudzi un 45% kailgraudu miezi) kvieSu
mikla palielina sausnas saturu un samazina raudzg$anas procesa intensitati.

Salidzinot ar kontroles paraugu, pH veértiba visiem maizes paraugiem ir
gandriz vienada (no pH 5,3 11dz §,8).

Visaugstakais mitrums ir maizei, kurai pievienoti aktiveti rudzu graudi, jo
tiem aktiveéSanas laika noverojama palielinata @idens adsorbcija — graudu
mitrums aktivéSanas laika 11dz 24 h palielinas no 13,3 lidz 34,1%.

® Vitaminu saturs maizé. Visvairak vitaminu ir kvieSu maiz€ ar aktivétu
kviesu graudu piedevu, salidzinot ar kontroles maizes paraugu, niacina saturs
palielingjies 3,1 reizi, E vitamina — 2,7 reizes, B, — 8,7 reizes un B, — 4,1 reizi
(13. att.). Kontroles parauga C vitamina nav, tau maiz€ ar aktivétu kviesu
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graudu piedevu ta saturs ir 42,8 mg kg™, jo graudos biologiskas aktivésanas
laika notiek vitaminu sint€ze.
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13. att. Vitaminu satura dinamika maizes paraugos
Fig. 13. Dynamics of vitamin content in bread samples

Maizes paraugiem, kuriem pievienoti aktivéti rudzu (35% no miltu masas)
un kailgraudu miezu (45% no miltu masas) graudi, niacina saturs ir zemaks
attiecigi 2,1 un 2,3 reizes, B, vitamina — 1,6 un 1,3 reizes (13. att.), jo min&to
vitaminu jau neaktivétos graudos ir maz.

Maizg ar aktivétu rudzu un kailgraudu miezu graudu piedevam B; un E
vitaminu daudzums ir lielaks attiecigi 1,6 un 1,5 reizes (13. att.). Kontroles
parauga C vitamins nav konstatéts, savukart maizg, kurai pievienoti rudzu un
kailgraudu miezu graudi vitamina saturs ir attiecigi 11,2 un 6,3 mg kg™

e Maizes paraugu kopproteina, kopcukuru, Skiedrvielu un tauku
daudzuma izmainu raksturojums. Salidzinot ar kontroles paraugu, visvairak
kopproteina — 24,6% no sausnas — ir kvieSu maizg ar aktivetu kailgraudu miezu
piedevu. Tas ir tapéc, ka jau neaktivétos kailgraudu miezos kopproteina saturs
ir 17,35%, ka ari pievienotais aktivéto graudu daudzums miklai ir vislielakais
(45%). Maizei ar aktivétiem rudzu graudiem kopproteina saturs ir 20,9% no
sausnas, ar kvieSiem — 14,3%.

Visvairak kopcukuru — 18,7% — ir kvieSu maizg ar aktivétu kvieSu graudu
piedevu, ar aktivétiem rudziem un kailgraudu mieziem to ir attiecigi 13,1 un
12,0%. Salidzinot ar kontroles paraugu kopcukuru saturs kvieSu maizé ar
aktiveétiem kvieSu graudiem ir 1,1 reizi augstaks, tacu izstradajumos ar rudziem
un kailgraudu mieziem — attiecigi 1,4 un 1,5 reizes zemaks.
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Skiedrvielu saturs maizé ar aktivétu kailgraudu miezu un kvie$u graudu
piedevu ir 1,4 reizes un ar rudzu graudiem — 1,8 reizes lielaks neka kontroles
parauga. Tas izskaidrojams ar Skiedrvielu daudzuma pieaugumu graudu
aktivéSanas laika, respektivi, $adu graudu piedeva lauj palielinat Skiedrvielu
daudzumu arT maizg.

Tauku satura izmainas nav bitiskas: maizé ar rudzu graudu piedevu tas
pieaug no 0,26 11dz 0,46%, parauga ar kailgraudu mieziem — no 0,26 lidz 0,43%
ar kvieSu graudiem — no 0,26 1idz 0,3%.

o Neaizstajamo aminoskabju sastava izmaipas. Ka redzams no
eksperimentos ieglitajiem datiem, visvairak neaizstagjamo aminoskabju
(leicins — 0,65 g 100 g, arginins — 0,39 g 100 g, treonins — 0,27 g 100 g™,
izoleicins — 0,21 g 100 g un histidins — 0,31 g 100 g") ir kvieSu maizé ar
aktivetu kailgraudu miezu piedevu, jo ta ir vislielaka (45%) un p&c graudu 24 h
aktivéSanas So aminoskabju daudzums kailgraudu miezos ir visaugstakais
(14. att). .
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14. att. Neaizstajamo aminoskabju saturs kvieSu maizes paraugos
Fig. 14. Irreplaceable amino acid content in wheat bread sample

¢ Glikozamina saturs maizes paraugos. Glikozamina daudzums kviesu
maizg€ ar aktivétu kvieSu graudu piedevu ir batiski atSkirigs neka par€jos
izstradajumos — tas ir par 40,45% mazaks neka kontroles parauga un maizg ar
aktivétiem kailgraudu mieziem un par 53,51% — neka parauga ar aktivétiem
rudziem (15. att.).
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15. att. Glikozamina saturs kvieSu maizes paraugos
Fig. 15. Content of glycosamin in wheat bread samples

Iegttie rezultati skaidrojami ar to, ka neaktivétos graudos glikozamina
saturs ir §ads: kviesos — 0,023 g 100 g, rudzos — 0,024 g 100 g un kailgraudu
miezos — 0,010 g 100 g'. Aktivésanas laika graudos ta daudzums palielinas:
kviesos — Iidz 0,038 g 100 g, rudzos — Iidz 0,040 g 100 g un kailgraudu
mieZos — Iidz 0,047 g 100 g

e Maizes nocepuma un noZuvuma vértibu izmainas. Maizes nocepums ir
lielakie zudumi maizes cepSanas tehnologiskaja procesa. P&c literatiiras datiem,
nozuvums ir maizes masas samazinasanas atdzeseSanas laika un tas ir robezas
no 3,5 Iidz 4,5% no karstas maizes masas vai 5-6% no miltu masas. Salidzinot
ar kontroles paraugu, maizei ar aktivétu rudzu un kailgraudu miezu graudu
piedevu nocepums samazinas aptuveni tris reizes, bet izstradajumam ar
aktivetiem kviesiem tas ir par 0,2% augstaks (16. att.).

No pétfjumos iegiitajiem datiem var secinat, ka augstakais nozuvums ir
maizei ar aktivétu kvieSu graudu piedevu — salidzinot ar kontroles paraugu, tas
palielingjies no 24 1Iidz 8,3%. Izstradajumam ar rudziem noZuvums
palielinajies tikai no 2,4 lidz 3,2%, bet paraugam ar kailgraudu mieZiem tas
samazinajies no 2,4 lidz 2,1%.
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Vertiba
Value,
%

kontrole / kviesi / wheat rudzi / rye mieZi / barley
control

I nocepums / baking loss, % nozuvums / dry off, %

16. att. NoZuvuma un nocepuma vertibas izmainas maizes paraugiem
Fig. 16. Changes in the values of dry off and baking loss in bread samples

Maizes sensorais novertéjums

Lietojot h&donisko skalu, tika iegiita informacija (17. att.), ka jaunie
produkti patikusi vertétajiem.

Rezultati rada, ka novért€jums ir robezas no 4,9+0,3 (ne patik, ne nepatik)
Iidz 7,3+0,3 (loti patik). Augstako novert§jumu sanéma maize ar aktivétu
kailgraudu miezu (7,3) un kviesu (7,1) graudu piedevu, bet kontroles paraugs
novertéts viszemak — ar “mazliet nepatik” (4,9). Augstaks novertgjums
izstradajumiem ar aktivétu kvieSu un kailgraudu miezu piedevu izskaidrojams
ar patikamu izteiktu graudu garSu.

kontrole/control

ar rudziem/with |ff
rye

ar kvieSiem/with .‘
wheat

Kvie$u maizes paraugi /
‘Wheat bread samples

ar mieziem/with [k
barley

PatikSanas pakape / Degree of liking

17. att. Maizes paraugu hédoniska noveértéjuma rezultati
Fig. 17. Results of the hedonic scaling of bread samples
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Ar Iinijskalas metodi tika vertétas maizes paraugu nozimigakas sensoras
1pasibas: mikstuma krasa, garSa + smarza, mikstuma konsistence, porainiba.
Sads sensorais vértgjums parada jauno izstradajumu sensoro ipasibu atkiribas
salidzinajuma ar kontroles paraugu. Maizes sensoro IpaSibu analizes rezultati
redzami 18. attéla.

mikstuma krasa / colour of
breadcrumb

porainiba / porosity garSa+smarza / flavour

= ® ar kvieSiem / with wheat
¢ ar rudziem / with rye mikstuma konsistence /

—A -ar mieziem / with barley texture
—m—kontrole / control

18. att. Maizes paraugu sensoro ipasibu lielumu staru diagramma
Fig. 18. Star diagram of sensory properties of bread samples

Sensoras vertésanas rezultatus izpétot ar dispersijas analizi (ANOVA), var
secinat, ka jaunie maizes izstradajumi no Kkontroles parauga atSkiras
galvenokart ar krasas intensitati un porainibu.

KvieSu maizes ar aktivétu kvieSu graudu piedevu kvalitates
izmainas uzglabasanas laika

e Mitruma izmainas. Atbilstosi SIA “JLM grupa” Jelgavas razotng
izstradatiem noteikumiem minimalais mitruma daudzums maizei no kvieSu un
rudzu miltu maistjuma, kad ta ve&l uzskatama par svaigu, ir 38%.
Eksperimentali noteikts, ka maizei ar aktivétiem kvieSu graudiem sakuma
mitrums ir 42% un kontroles paraugam — 40%.

Maizi iepakojot atbilsto$i jaunakajam tehnologijam, tas uzglabasanas laiku
iesp&jams ieveérojami pagarinat: PP maisinos ar iesmidzinatu etilspirtu — lidz 26
dienam, MAP (30% CO, + 70% N,) — Iidz 19 dienam un MAP
(100% CO, + C,HsOH) — Iidz 32 dienam. Tadgjadi, iepakojot maizi PP
maisinos gaisa vid€ ar iesmidzinatu etilspirta tvaiku, tas uzglabasanas laiku var
pagarinat aptuveni tris reizes, bet aizsarggazu videé (30% CO, + 70% N, +
+ C,HsOH) — Iidz pat Cetram reizém, salidzinot ar iepakojumu PVC pleve gaisa
vide.
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¢ Porainibas izmainas. Maizi uzskata par svaigu, ja tas porainiba nav mazaka
par 67% (p&c noteikumiem, kas izstradati SIA “JLM grupa” Jelgavas razotng).

Eksperimentos ieglitajiem paraugiem ar aktivétu kviesu graudu piedevu
mikstuma porainiba péc cepSanas ir 73%. Izstradajumus iepakojot neperforétos
PP maisinos, uzglabasanas laiku var pagarinat lidz astonam dienam, PVC
plevé — Iidz devinpam dienam, MAP (30% CO, + 70% N,) — Iidz 14 dienam,
perforétos PP maisinos — lidz desmit dienam, PP maisinos ar iesmidzinatu
etilspirtu — 1idz 24 dienam, MAP (30% CO, + 70% N, + C,HsOH) — lidz pat 35
dienam. No iepriek§ mingta var secinat, ka piemerotakais iepakoSanas veids
maizei ar aktivétu kvieSu graudu piedevu ir PP maisini ar iesmidzinatu
etilspirtu un MAP (30% CO, + 70% N, + C,HsOH).

e pH izmainas. Skabums maizei ar aktivétiem kvie$u graudiem ir pH 5,6 un
kontroles paraugam — pH 5,31. Péc eksperimentali iegiitajiem datiem var
secinat, ka vispiemérotaka iepakosanas metode izstradajumiem ar aktivétu
graudu piedevu ir perforéti PP maisini (uzglabasanas laiks — lidz devipam
dienam) un PP maisini ar iesmidzinatu etilspirtu, maizes uzglabasanas laiku var
pagarinat pat Iidz 24 dienam bez butiskam kvalitates izmainam.

e Maizes mikstuma cietibas izmainas. Vislénak sacietté maize, kam
pievienoti aktivéti kvieSu graudi un kas iepakota PP maisinos gaisa vidé ar
iesmidzinatu etilspirta tvaiku, ka ar1 PP maisinos gaisa vide un aizsarggazu vide
ar iesmidzinatu etilspirta tvaiku (30% CO, + 70% N, + C,HsOH). Maizi
iepriek§ mingtajos iepakojumos uzglabajot 21 dienu, tas cietiba pieaug: PP
maisinos ar iesmidzinatu etilspirtu — 6,7 reizes, MAP (30% CO, + 70% N, +
+ C,HsOH) — 9,2 reizes. Savukart PP maisinos devinas dienas cietiba,
salidzinot ar sakotngjo, palielinajas 5,4 reizes (19. att.).

Jaatzimé, ka aktivéto graudu piedeva pal€nina maizes sacietéSanas procesu.
Izstradajumi ar aktivétiem graudiem, iepakoti PP maisinos ar iesmidzinatu
etilspirtu, sacieté jau péc devinam dienam, MAP (30% CO, + 70% N, +
+ C,HsOH) — péc 17 dienam, jo mitruma parvietoSanas $ada maizé notiek
lenak, tade] ta ilgak saglabajas svaiga. Vienlaicigi pievienotais aktivéto graudu
daudzums palielina maizes kopproteinu, kopcukuru un skiedrvielu saturu, kas
aizkav€ maize eso$as cietes retrogradacijas procesa norisi.

Nav ieteicams maizi fasét PVC pleve, jo $ada iepakojuma maizes cietiba
palielinas seSas reizes jau sestaja uzglabasanas diena.

25



Speks /
Force,

0-5 T T T T T T T T T 1
0 2 4 6 7 9 13 17 21 24
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19. att. KvieSu maizes ar aktivétu kvieSu graudu piedevu un kontroles paraugu
mikstuma cietibas izmainas uzglabasanas laika
Fig. 19. Changes of wheat bread with activated wheat grain additive and control
samples bread crumb hardness in the storage time

#PVC pléve / PVC film; oPVC pléve (kontrole) / PVC film (control);

A perforétie PP maisini / perforated PP bags,

*perforétie PP maisini (kontrole) / perforated PP bags (control);

OMAP (30% CO,+ 70% N, + C,HsOH);

XMAP (30% CO,+ 70% N, + C,HsOH) (control);

CIPP maisini / PP bags; PP maisini (kontrole) / PP bags (control);

A PP maisini (gaiss + C,HsOH) / PP bags (air + C,HsOH);

oPP maisini (gaiss + C,HsOH) (kontrole) / PP bags (air + C;HsOH) (control).

e Maizes mikstuma absoliitas krasas izmainas. Absoliita krasa raksturo
krasu dazadibas. Visaugstaka absoliitas krasas diference maizes uzglabasanas
laika ir gan kvieSu maizei ar aktivétu kvieSu graudu piedevu, gan kontroles
paraugam, kas iepakoti perforétos PP maisinos. Tas saistits ar skabekla piekluvi
maizei.

e Maizes virséjas garozas cietibas izmainas uzglabasanas laika. P&tjjumu
mérkis bija noteikt sakaribas starp kvieSu maizes ar aktivétu kvieSu graudu
piedevu uzglabasanas laiku, iepakojuma materialu un iepakoSanas vidi
(20. att.).
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Garozas cietiba /
Bread crust hardness,
N

Maizes uzglabasanas laiks, dienas /
Bread storage time, days

20. att. Maizes garozas cietibas izmainas uzglabasanas laika
Fig. 20. Changes of bread crust hardness in the storage time

#PVC pléve / PVC film; ePVC pléve (kontrole) / PVC film (control);

A perforéti PP maisini / perforated PP bags;

o perforéti PP maisini(kontrole) / perforated PP bags (control);

— PP maisini / PP bags; ¢ PP maisini (kontrole) / PP bags (control);

B PP maisini (gaiss + C,HsOH) / PP bags (air + C,HsOH);

OJ PP maisini (gaiss + C,HsOH) (kontrole) / PP bags (air + C,HsOH) (control);

% MAP (30% CO,+ 70% N, + C,HsOH); X (30% CO,+ 70% N, + C,HsOH) (control).

Pienemam, ka uzglabasanas laika maizes kvalitati (merita maizes garozas
maksimala cietiba, N) butiski ietekmé uzglabasanas laiks, iepakojuma materials
un iepakosanas vide un ka pastav kvalitates atSkiribas starp kvieSu maizes ar
aktivetu kvieSu graudu piedevu un kontroles paraugu.

Maizes garozas cietiba pétita, paraugus iepakojot plasak lietotajos
iepakojuma materialos — PVC pleve, perforétos un neperforétos PP maisinos —,
ka arT iepakoSanas vidg, kas lauj ilgak saglabat maizes kvalitati uzglabasanas
laika,— PP maisinos ar iesmidzinatu etilspirta tvaiku un aizsarggazu videé ar
iesmidzinatu etilspirta tvaiku (30% CO,+ 70% N, + C,HsOH).

Izmantojot dispersijas analizi (atkarigd pazime ir garozas maksimalas
cietibas vieniba Nitons, neatkarigas pazimes ir iepakojuma materiali, maizes
veidi un uzglabasanas laiks), ar 95% ticamibu noteikts, ka biitiska ietekme
maizes garozas cietibas palielinaSana uzglabasanas laika ir iepakojuma
materialam. Tas skaidrojams tadgjadi, ka maizes uzglabasanas laika notiek
mitruma migracija no kukuliSa iekSienes uz arpusi, un, jo ilgaks uzglabasanas
laiks, jo intensivaka ta klust. Savukart dazadi iepakojuma materiali var nedaudz
paléninat mitruma parvieto$anos, tadgjadi arT saglabajot maizes kvalitati ilgaku
laiku, jo tas saistits ar dazadu materialu at$kirigam barjeripasibam — mitruma
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caurlaidibu.  Atskiribas nepastav starp paraugu kvalitates izmainpam
(jo P =0,7 > a = 0,05), jo kontroles parauga un maizes ar aktivétu kviesu
graudu piedevu mitruma saturs ir loti [1dzigs: attiecigi 40 un 42%.

Katru iepakosanas veidu salidzinot ar pargjiem, aprekinos ka atkariga
pazime ir maizes garozas maksimalas cietibas izmainas (NGtonos) uzglabasanas
laika. Analizei izmanto Sefi (Scheffe) testu.

Ar Sefi testa palidzibu noskaidro, kuras faktoru gradacijas klases savstarpgji
butiski atSkiras. Konstatéts, ka PVC plévé un neperforétos PP maisinos fas€tas
maizes cietibas izmainas uzglabasanas laika ir butiski atskirigas neka maizei,
kas iepakota perforétos PP maisinos, MAP (30% CO, + 70% N, + C,HsOH) un
neperforétos PP maisinos (gaiss + C,HsOH). PVC pléve un neperforéti PP
maisini butiski ietekmeé maizes cietibas izmainas uzglabasanas laika (mitruma
migracija notiek visstraujak), pasliktinot maizes kvalitati. Tas skaidrojams ar
iepakojuma materialu iespgjamo |loti augsto mitruma caurlaidibu.

Visstraujakais maizes garozas cietibas palielinajums jau seSu dienu
uzglabasanas laika novérojams kontroles paraugam un jaunizstradatajai maizei,
ja tie iesainoti PVC pleve. Nav linearas sakaribas starp maizes garozas cietibas
izmainam un maizes uzglabasanas laiku. Izmainas notiek loti nevienmérigi —
perforétos PP maisinos faséta maizé — mitrums difundé no kukulisa iekSienes
uz iepakojuma vidi un talak caur plévi uz apkartgjo vidi. Maizes garozas cietiba
strauji samazinas pirmajas divas uzglabasanas dienas, ja paraugi iepakoti
neperforétos PP maisinos, mitrums difundé no kukulisa ickSienes uz garozu un
ta klost mitraka. Turpinot uzglabasanu, garozas cietiba tikpat ka neizmainas,
tatad iestdjas Iidzsvars starp mitruma daudzumu, kas parvietojas no kukulisa
iekSienes uz periferiju un no garozas uz iepakojuma vidi.

Matematiska modela izveidoSana

Izmantojot eksperimentalos datus, izstradats matematiskais modelis. Ta
modela veidoSanai izmanto kriSanas skaitla izmainu apgabalu, kura graudu
biologiskas aktivésanas laika notiek kriSanas skaitla maksimalas izmainas.
Aprékina piem@rs dots kvieSu graudu paraugam biologiskas aktivéSanas
dazados laika periodos 1idz 36 stundam.

Matematiskda modela izveido$anas mérkis ir parbaudit izvirzito pienémumu:
biologiskas aktivéSanas laika graudos norit intensivi biokimiskie procesi —
notiek biologiski aktivo vielu (oglhidratu, olbaltumvielu, tauku) $kel$ana, $is
vielas ir svarigs energijas avots graudu dzivibas procesu norisei. Dzivibas
procesam grauda turpinoties, aktivas vielas sak sintez€ties no jauna, lai
nodrosinatu grauda augSanu. Tap&c pienemam, ka aktivo vielu SkelSanas atrums
ir proporcionals $o vielu daudzumam. Ta ka nav iesp&ams noteikt biologisko
procesu norises atrumu, atkariba no graudu Skirnes un aktivéSanas apstakliem,
pirmaja tuvinajuma var pienemt, ka §Sie procesi notiek ar konstantu atrumu V
(jo nav zinams, kadi dzivibas procesi kura bridi un ar kadu atrumu notiek
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grauda). Aktivo vielu sintézes ietekmé iesp&jams arT kriSanas skaitla vertibas

piecaugums.
Procesam sastada diferencialvienadojumu (1.)
dK K
—+—=V> (1)
d 7

kur dK — kri$anas skaitla veértibas izmainu atrums aktiveé$anas laika;
dt
K — kriSanas skaitlis, s;
T — procesa laika konstante;
V — aktivo vielu (cietes) sint€zes procesa atrums, izteikts caur kriSanas
skaitla izmainas atrumu.
Sakuma nosacijums diferencialvienadojumam ir $ads (2.):

K‘r:oz K,, (2.

kur K, — kriSanas skaitla sakuma vértiba, s.

Sastaditais diferencialvienadojums ir pirmas kartas linears, nehomogéns
diferencialvienadojums ar konstantiem koeficientiem, ko var atrisinat péc
Eilera metodes. Problému (1. un 2.) atrisindjums ir aprakstits formula 3.:

K@) = (K, —1-V)ee 47V, 3)

kur K(t)— kriSanas skait]a atkariba no aktivésanas laika;
¢ — naturalo logaritmu baze;
t — laiks, h.

Lai atrisinajuma 3. noteiktu lielumus T un V, to aprob&sim ar mazaka

kvadrata metodi, izmantojot eksperimentalos datus. Sastada summu (4.):
2

§= Z[Kmp(f),- ~ K0, =| Ko (0, - (K, - T'V)f% +7-V) 4.)

kur S —kvadratu summa;
Kesp.(t)i — kriSanas skaitla eksperimentalas vertibas atkariba no aktivéSanas
laika;
Ki(t); — kriSanas skaitla teoretiskas vertibas atkariba no aktivésanas laika.

Summas (4.) minimaliz€Sanai lieto skaitliskas risinaSanas metodes —
Microsoft Excel riku ,,SOLVER?”. Izmantojot iegiitos eksperimentalos datus un
summu 4. aprékina koeficientus t (7,63) un V (7,13). Lietojot iegiitos
koeficientus aprékina teorétiskas veértibas kriSanas skaitla izmaigu Iiknei.
Kri$anas skaitla izmainpu kvieSu graudu biologiskas aktivéSanas laika likne
redzamas 21. attela.
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Fig. 21. Curve for the value changes of theoretical and practical falling number in
wheat grains during the activation time

Ja pienem, ka generalkopu dispersijas ir vienadas, tad nulles hipotézi var
parbaudit, izmantojot MS Excel datu analizes riku ,,t-test” — Two-Sample
Assuming Equal variances. To lieto, lai parbauditu, vai starp teoretiski un
praktiski iegiitajam kvieSu graudu kriSanas skaitla vertibam pastav butiska
atSkiriba. Ta, ka t = —0,04 < ty = 1,94 un vienpusgjas alternativas
P vertiba = 0,48 > 0,05, tad ar 95% varbiitibu nevar noraidit nulles hipotézi, ka
eksperimentali un teorétiski iegiitas kriSanas skaitla vertibas kvieSu graudiem
aktivéSanas laika atSkiras.
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10.

SECINAJUMI

Pétijumos noteikts, ka graudu biologiskas aktivéSanas optimalie apstakli
klimatiskaja kamera ir ¢ = 80+1 %, t = +34+1 °C, t =24 h.

AktivéSanas laika graudos intensivi norit biokimiskie procesi, kas
paaugstina graudu biologisko vértibu,— palielinas niacina, B, un E vitamina,
kopcukuru, skiedrvielu, glikozamina saturs, sintezgjas C vitamins un,
olbaltumvielam hidrolizgjoties, veidojas neaizstdjamas aminoskabes.

Aktivétu graudu optimalas piedevas kvieSu miklai ir $adas: kviesu
graudi — 25%, rudzu — 35%, kailgraudu miezi — 45% no miltu masas.

Aktivéto graudu piedeva biatiski neizmaina kvieSu miklas reologiskas
Ipasibas un kvalitati.

Darba izvirzita hipot€ze ir korekta, jo visiem kvieSu maizes izstradajumiem
ar aktivétu kvieSu, rudzu un kailgraudu miezu graudu piedevu piemit
paaugstinata biologiska vértiba. Salidzinot ar kontroles paraugu, tie ir
bagataki ar niacinu, B,, E un C vitaminu, $kiedrvielam, neaizstadjamam
aminoskabém, kopproteinu un kopcukuriem, ka arT glikozaminu.

Sensoras vertéSanas rezultati péc hedoniskas skalas parada, ka visaugstaka
patikSanas pakape ir maizes paraugam ar aktivétu kviesu (7,1) un
kailgraudu miezu (7,3) graudu piedevam, savukart kontroles paraugam §i
vertiba ir 4,9.

Maizes ar aktivétu kvieSu graudu piedevu fizikalas 1pasSibas uzglabasanas
laika vismazak izmainas, ja to iepako neperforétos PP maisinos gaisa videé
ar iesmidzinatu etilspirta tvaiku un aizsarggazu vidé ar iesmidzinatu
etilspirta tvaiku.

Maizes cietibu uzglabasanas laika butiski ietekmé iepakojuma veids un
materials — PVC pléve un neperforétos PP maisinos maize sacieté visatrak.

Matematiska modela izveidoSanai izvirzitais piepémums ir korekts:
dzivibas procesam grauda turpinoties ilgak par 36 h, aktivas vielas sak
sintez€ties no jauna, lai nodroSinatu grauda augSanu; procesi notiek ar
konstantu atrumu, tade] krisanas skaitla vertiba palielinas.

Izveidoto matematisko modeli var lietot kviesu, ka arT citu Skirpu graudu
kriSanas skaitla veértibas izmainu prognozéS$anai biologiskas aktivéSanas
laika.
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TOPICALITY OF THE RESEARCH

Cereal products are the main part of human diet, as they contain high
amount of proteins, carbohydrates, vitamins of group B and dietary fibre.
Germinated seeds, grain and grain germs have already been used in food since
ancient times. Vitamin C was found in soybean’s germ in 1782, as a result such
grains were used for the treatment of scurvy.

The literature provides a description of some examples on the use of
germinated wheat grain in bread and confectionary industry.

The results of researches show that germinated grain is a healthy product
and, if such grain is used in conventional food, it would intensify metabolism,
strengthen immunity, compensate deficiency of vitamins and mineral
substances, and normalize acid and alkali balance.

The main raw material in bread production is flour, which is produced
from rye and wheat grain. It is necessary to remember, that the outside layer of
grain is taken off in the grain grinding process. The amount of calories is
almost identical in rye and wheat bread, yet rye bread has a higher biological
value due to a higher content of vitamins, microelements, and dietary fibre.
Bread with whole grain additive is popular in diet. Such products are very
healthy, because grain has a whole germ, which contains fat soluble vitamin E,
water soluble vitamins of group B, mineral substances, and microelements.
Such products have a higher biological value compared to bread products
without grain additive.

Nowadays customers set high demands for bread products such as — a wide
variety of bread types, high biological value, excellent sensory properties, and
availability on the market.

In literature the data on the increase of bread biological value by means of
biologically activated rye and hull-less barley grain additive to dough, as well
as on the changes of physically — chemical composition of grain during the
activation time have not been found. Therefore the idea to add biologically
activated rye, hull-less barley and wheat grain to dough, then to examine the
quality and biological value of new products; and to determine the optimal
storage conditions for bread was developed.

The results of the performed research facilitate the projections that
biologically activated grain additive to wheat dough can increase the dough
quality and the prepared product would have a high biological value and
excellent sensory properties, thus being competitive on the present market.
Such grain additive allows to prolong the bread storage time. The research was
carried out covering the entire food chain: raw material — producer — consumer.

After summarizing theoretical and experimental data found in literature,
the aim of the research work was set as follows — to study the changes of
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physically — chemical and biological features of rye, wheat and hull-less barley

grain during the biological activation process and application of such grains in

wheat bread production technology.

The following objectives are advanced to achieve the set aim:

1. to determine experimentally the optimal parameters for grain activation —
temperature, relative air humidity, and activation time;

2. to investigate the qualitative changes of grain during the biological
activation;

3. to determine the optimum additive of grain and to assess the changes of
wheat dough quality after grain addition;

4. to develop the technological methods for wheat bread production using
activated wheat, rye and hull-less barley grain additive;

5. to analyse physically—chemical, and sensory properties, and texture
changes of bread with activated grain additive;

6. to determine the optimum storage conditions for wheat bread with
biologically activated wheat grain additive:
0 to evaluate the changes of bread quality in various packaging materials

and environment during the storage;
0 to study the changes of texture and mechanical properties of bread
during the storage in various packaging materials and conditions.

Novelty of the research — new wheat bread with biologically activated
rye, wheat and hull-less barley grain additive is developed, and product quality
is evaluated. The application for the patent has been submitted to the Board of
Patents of the Republic of Latvia, and it was accepted for the issue of a licence
(the number of a licence SPK’ : A23D13 / 02, Bread with biologically refined
grain addition).

The scientific significance of the research — the changes of grain
physically — chemical composition during the biological activation time were
studied; the optimum amount of grain additive to wheat dough was determined;
rheological properties and quality of wheat dough with biologically activated
wheat, rye and hull-less barley grain additive were evaluated; physically —
chemical and sensory properties of new bread samples were studied; as well as
structural-mechanical properties of bread and other quality factors during the
bread storage in various packaging materials and conditions were ascertained.
The developed mathematical model demonstrates that the change of the falling
number value during the grain activation depends on the grain activation time.

The economic significance of the research — additionally, a new bread
making technology was developed. Wheat bread samples with biologically
activated wheat and hull-less barley grain additive have higher nutritive value
and excellent sensory properties compared to wheat bread without biologically
activated grain additive.
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APPROBATION OF THE RESEARCH WORK

The results have been presented at nine international scientific
conferences, seminars and symposiums in Latvia (Latvia University of
Agriculture), Belgium, Russia, Spain, the USA, England, Poland, and Lithuania
(see the list on pages 5 and 6).

The research results are reflected in scientific publications in Latvian,
English and Russian, all of them are published in the editions approved by
Latvia Council of Science. The lists of publications are presented on pages 6
and 7.

Participation in exhibitions: the research results have been presented at
several exhibitions (see page 7).

MATERIALS AND METHODS

The research work has been elaborated at several institutions in Latvia
between 2003 and 2005:

e Latvia University of Agriculture:

0 Research laboratory of Agronomy Analysis (determination of fat, total
protein content, total sugar content, and dietary fibre content).

0 Seed Analysing laboratory (determination of gluten, falling number, starch,
moisture, Zeleny index in grains during the activation time).

0 The Laboratories of the Department of Food Technology: Laboratory of
Sensory Analysis (bread sensory evaluation); Packaging Material
Properties Research Laboratory (packaging of wheat bread with activated
wheat grain additive, changes in the colour of bread crumb, bread crumb
and bread crust hardness during the bread storage); Laboratory of Food
Product Analysis (determination of the changes of moisture, acidity, and
porosity in bread samples during the storage).

e The Experimental Bakery of the limited liability company ,JLM grupa”
production unit in Jelgava (grain activation in a conditioning chamber; test
baking).

e The bakery of the limited liability company ,,Zelta varpa 5” (determination of
bread porosity; baking of experimental bread samples).

o The joint-stock company ,,Rigas Dzirnavnieks” (pharinographical analysis of
wheat dough with activated grain additive).

e The Institute of Biology of the University of Latvia (determination of vitamin
B, By, C, E, niacin, and amino acid content).

e The Institute of Microbiology and Virology of the University of Latvia
(determination of glycosamin).

The following materials have been used for the purpose of the research
work: wheat flour of the first rate produced by the limited liability company
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,Dobeles Dzirnavnieks” (gluten content — 28%, moisture — 13.8%,
ash — 0.88%); wheat grains (variety ‘Kontrast’), rye (variety ‘Voshod’)
harvested in 2003 by the limited liability company ,,Zelta varpa 5” and
hull-less barley cultivated at Priekuli Plant Breeding Station in Latvia and
harvested in 2004; drinking water for grain rinsing and steeping (in compliance
with the Regulations No 235 of the Cabinet of the Republic of Latvia
,Compulsory Requirements for Harmlessness of Drinking Water”, 2003); yeast
(UTN 40003040518-101-2002); sugar (in compliance with the law of the
Republic of Latvia ,,Law on Sugar”); salt (LV US 01310005); curd whey from
the limited liability company ,,Zemgales piens”.

Methods for determination of the quality of raw materials,
semi-finished products and ready products

e Grain moisture was determined under the standard method LVS 272.

e The amount of admixtures was determined under the standard method
LVS 271.

e The content of gluten was determined under the standard Perten method
LVS 275 and by means of the equipment ,,Glutomatic”.

o Changes of the falling number in grains were determined under the standard
Harberg—Perten method LVS — 274.

o Fat content was determined under the standard method /SO 6492 by means
of the equipment ,,Biichi Extraction System B-811".

¢ Dietary fibre content was determined under the standard method ISO 5498
by means of the equipment ,,Fibertec system 1010 Heat Extractor”.

e Total protein content was determined under the standard method
AACC 46-20 by means of a Kjeldal method.

e Determination of grain germination activity. Germination activities
characterise the growing and development of grain. Grain germinates within
five days at temperature +(16—17)° C.

o Total sugar content was determined under the standard Bertran method. The
combustion of keton group boiling solution with Felling reagent forms the base
of this method.

e Mass of 1000 grains. This is the absolute 1000 grain mass in grams
recalculated on dry matter.

¢ Grain glassiness characterises the consistence of grain endosperm. Glassines
were examined by means of a diaphonoscope.

e The content of amino acids was determined under the chromatographic
method by means of the amino acid analyser ,,Mikrotechna AAA 831”.

e Vitamin C content was determined under a Tillman’s method. The method
is based on the extraction of L-ascorbic acid from the analysing material by
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means of the oxalic acid and conversion of 2.6-dichlorphenolindophenol into
dehydroascorbic acid.

o Niacin content was determined under the method of Stepanova by means of
a photoelectrocolorymeter.

e Vitamin B; content was determined by means of the fluorymetre
»Specol 117 in compliance with a Jansen method under the modification of
Jelesejevs.

e Vitamin B, was determined by means of the fluorymetre ,,Specol 117 under
the method of Povolocka and Skorobogatova.

e The determination of the entity of vitamin E is based on the ability of
tocopherol to oxidise. Vitamin E was oxidized with FeCl;, while iron was
oxidized with a, o' — dipiridil.

¢ Glycosamin content was determined by means of the amino acid analyser
,Mikrotechna AAA 831”. A new determination method has been developed:
N-acethylglucosamin under the ration of 1 : 1 was added to grain extract,
glycosamin was assumed to be the peak between amino acid tyrosine and
histidine.

e Grain biological activation was performed in the climatic chamber at
temperature +25; +30; +35 °C and constant relative air humidity — 80%.

e Mass of dough and bread samples was determined by weighing on the
electronic scale ACCULAB V - 1200.

e Rheological properties of dough were studied by means of the
pharinograph ,,Brabender” under the standard method /CC — 115/1.

e pH changes were determined under the standard method A4CC 02 — 52.

e Moisture content in bread samples was determined under the standard
method LVS 6496.

e Colour changes of bread crumb in the colour system CIE Lx*axb* were
determined by means of ,,ColorTec—PCM” equipment.

¢ Bread porosity was determined by means of Zuravljov equipment.

e Bread baking loss — form the highest technological losses in bread baking
process — the decrease of bread mass during the bread cooling time was
calculated.

¢ Bread dry off — is the loss of bread mass during the storage.

o Sensory properties. The sensory data were analysed using the analysis of
variance (ANOVA) and a Tukey’s test: the main sensory properties (colour,
flavour, texture, porosity) were evaluated by a line scale under the standard
method /SO 4121:1987; a nine point hedonic scale was used to find out the
degree of liking under the standard method ISO 4121:1987.

e Changes of bread crumb and bread crust hardness during the bread
storage were determined by means of a force — deformation test with ,,UTM”
(Ultra Test Mecmesin — BFG 1000 N) equipment.
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The technological scheme for bread sample preparation is presented in
Fig. 1.

The packaging and storage possibilities for wheat bread with activated
wheat grain additive are reflected in Fig. 2.

Mathematical data processing

e Microsoft Excel software was used for the purpose of the research to
calculate mean arithmetical values and standard deviations of the mathematical
data used in the research.

o Statistical methods, namely, two factor variance analysis and a Tukey’s test
were applied for the analysis of sensory data.

¢ A mathematical model has been developed on the basis of experimental data.
The changes of the falling number value during the grain activation time in
activated wheat grain were used for calculations. SOLVER software and t — test
were used for the development of a mathematical model.

e Variance analysis, homogeneity and Sheffe tests were used for the evaluation
of changes of bread crust hardness in wheat bread with activated wheat grain
additive during the storage time.

RESULTS AND DISCUSSION
Grain activation

e Grain activation was carried out in the climatic chamber at temperature
+(25-35) °C, and relative air humidity content of 80%; activation time — up to
36 hours.

e Prior to the experiments the value of grain falling number was 493 s for
hull-less barley, 460 s for wheat, and 173 s for rye grain. The falling number
for all kinds of grain (see Fig. 3) was 62 s after the grain activation for 36
hours. Such changes can be explained by biochemical reactions occurred in
grains during activation, as a high activity of a-amylase and p-amylase
enzymes was observed. Consequently starch is split, as starch is a very
important energy source for grain growing and development.

¢ Qualitative and quantitative changes of gluten. Inactivated wheat grains
and grains activated for 12, 24 and 36 hours were tested. The decrease of dry
gluten amount (for wheat grains activated up to 24 hours) from 25.40 to 3.80%,
gluten index from 96.14 to 38.00%, and gluten hydratation properties from
213.58 to 171.43% were detected compared to the test samples. Gluten was not
detected in wheat grain activated for 36 hours. Gluten was found neither in
activated nor unactivated rye and hull-less barley grains. Mainly it could be
explained due to the existing higher amount of gliadin, as well as diminished
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correlation between disulphide bonds and -SH- groups in activated rye grains
and enzyme paphain activity in hull-less barley grains.

e Changes of fat content during the grain activation. The changes of fat
content are not relevant during the biological activation time. The activity of
3-acethylglucerolliphase and lipoxigenesis enzymes increased during the grain
activation time up to 24 hours in comparison with the inactivated grain
samples.

e Changes of total protein content. Proteins were split by proteolytic
enzymes as a result the total protein content decreased during the grain
activation time. The total protein content decreased intensively in rye grain
from 9.72 to 1.03%, in wheat grain — from 13.18 to 12.89%, and in hull-less
barley grain — from 17.35 to 12.16% during the grain activation time up to 24
hours (Fig. 4).

e Changes of dietary fibre content in grain during the activation time.
Dietary fibre content has increased from 2.59 to 2.83% in rye grains, from 1.64
to 2.18% in hull-less barley grains, and from 3.22 to 3.34% in wheat grain
(see Fig. 5) during the activation up to 24 hours. Such changes can be explained
by the activity of amylolytic enzymes and splitting of cellulose and maltose.

¢ Changes of total sugar content. The highest total sugar content (6.03%) was
determined in inactivated rye grain; it is 2.4 times higher in comparison with
hull-less barley grain and 1.8 times higher if compared with wheat grain. The
amount of total sugar content has increased 1.3 times in hull-less barley grain,
1.2 times in rye grain and 2.0 times in wheat grain during the grain activation
time up to 24 hours (Fig. 6).

e Changes of vitamin content in grain during the activation time. The
amount of vitamin B; in the activation process of wheat, rye and hull-less
barley grains considerably decreased (see Fig. 7). The decrease in vitamin B;
quantity could be explained by the possible metabolism and biochemical
reactions in the activation time and the availability of vitamin B; in enzyme
phyrovatdecarboxylasis which participates in the growth and splitting reactions
of carbohydrates occurring in a grain. Vitamin B, content has decreased by
32.10% in wheat grain, 57.78% in rye, and 17.39% in hull-less barley grain
during the activation up to 24 hours.

Whereas, contrary results were observed for the content of vitamin B,
(see Fig. 8). The amount of vitamin B, has increased by 45.5% in rye grain,
54.5% in wheat grain, and 88.9% in hull-less barley grain during the activation
time up to 24 hours. The increase of vitamin content in hull-less barley and
wheat grain were very similar. However inactivated rye grain is richer in the
content of vitamin B, comparing with inactivated wheat and hull-less barley
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grain, therefore the increase of the vitamin amount is more intense, and it can
be explained due to the short rest period and intense process of metabolism
occurring in rye grain.

Inactivated wheat grain is richer in the content of niacin by 70.10%
compared to rye grain and by 57.23% if compared to hull-less barley grain.
The research proved that the increase of vitamin content was more intense in
hull-less barley and rye grains. The content of niacin has increased 1.3 times in
wheat grain, 2.6 times in rye grain and 2.1 times in hull-less barley grain
comparing with inactivated grain samples activated up to 24 hours.

Vitamin C was not found in inactivated grain samples. Vitamin C was
synthesized during the activation process by means of biochemical reactions. It
was synthesized to 71.0 mg kg in wheat grain, to 69.4 mg kg™ in rye grain,
and to 26.9 mg kg in hull-less barley grain during the activation up to 24
hours.

The increase of the amount of vitamin E in wheat and rye grain during the
activation process has been similar. Vitamin E content has grown 6.5 times in
wheat grain, and 6.2 times in rye grain. The increase of the amount of vitamin
E in hull-less barley grain during the activation time was not so intense, as it
has increased only 1.7 times comparing with inactivated grain samples.

e Changes in the content of total irreplaceable amino acids in grains
during the activation time. A higher content of irreplaceable amino acids was
found in inactivated hull-less barley grain (see Fig. 9). Total content of amino
acids has decreased by 18.8% in hull-less barley grain, 17.4% in wheat grain,
and 47.4% in rye grain during the grain activation time up to 24 hours. The
intense application of amino acids in grain metabolism explains the decline.

e Changes in the content of glycosamin. The highest content of glycosamin
was obtained in inactivated wheat (0.023 g 100g™") and rye (0.024 g 100g™)
grain (see Fig. 10). Inactivated hull-less barley grains contain only
0.010 g 100g™" of the mentioned compound.

More intense increase of glycosamin was observed in hull-less barley
(4.7 times) grain during the activation up to 24 hours, while in rye and wheat
grain the amount of glycosamin has increased only 1.7 times. Glycosamin as a
biologically active compound forms a part of glycopeptides and thus acts as a
mediator of the human immunity system. Therefore the biological value of
bread my be increased if grain containing glycosamin is added to dough.

Evaluation of wheat dough quality

e Evaluation of rheological properties of wheat dough. The research
focuses on the analysis of the changes of dough rheological properties if wheat,
rye, and hull-less barley grains are added to dough and activated up to 24 and
36 hours. Higher dough quality parameters were obtained for wheat dough with
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wheat grain additive (25% of flour mass) activated up to 24 hours. The dough
quality number with addition of wheat grain germinated for 24 hours increased
to 200 FU compared with the test dough sample. It was expected that bread
with the mentioned addition of grain would be of good quality. The dough
stability was not significant compared to the test dough sample. The
consistency of dough with water absorption value of about 43.3% correspond to
392 FU, the dough development time being 2.7 minutes
(see Fig. 11).

Rye grain activated up to 24 hours and added to wheat dough was 35% of
total flour amount. The dough quality number with a 24-hour activated rye
grain additive decreased by 76.53% compared with the test dough sample. The
value of dough stability was low, similar to the dough with wheat grain additive
activated for 36 hours. Though the value of dough flowability time was
satisfactory — 121 FU, the dough development time was by 1.3 min smaller
than that of the test dough sample and the dough sample with a 24-hour
activated wheat grain additive. Differences between rheological properties of
experimental dough samples and test sample did not influence the bread quality
significantly.

The dough quality number with hull-less barley additive activated (45% of
total flour amount) for 24 hours was by 3.8 times lower compared with the test
dough sample (it was a relevant change). The dough stability was not similar to
the dough stability value for the test dough sample, where it equalled to 3.3
minutes. However the quality of bread with this grain additive would be good.
The value of wheat dough with activated hull-less barley grain additive
development time is similar to the dough development time for the sample with
a 24 hour activated rye grain additive.

As indicated in the literature, the quality of gluten changes due to a partial
albumen proteolysis. The decrease of disulphide bond and the increase of -SH-
group have been observed. Mainly hidden disulphide bonds (albumins and
globulins) have cleaved. Disulphide bonds of grains germinated for about one
day split only by 19%, but hidden disulphide bonds remained without a change,
thus demonstrating insignificant changes in the quality of gluten. Disulphide
bonds of grain germinated for more than 24 hours decreased by 64%, while
hidden disulphide bonds — by 58%, thus proving a significant desegregation of
gluten.

e Characterisation of dough physically — chemical parameters. The lowest
wheat dough acidity was determined for wheat dough sample with activated
wheat grain additive, as the amount of grain additive here is smaller, only 25%
of total flour mass.

A higher content of wheat dough moisture was determined for the wheat
dough sample with activated rye grain additive — 35% of total flour mass; it can
be explained due to high water absorption during the grain activation time.
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Evaluation of bread quality

The best wheat bread samples were obtained with 25% activated wheat,
35% activated rye and 45% activated hull-less barley grain additives
(see Fig. 12).

® Characterisation of bread crumb colour intensity. The most intense bread
crumb colour (L*) was obtained for the test bread sample (74.58) compared to
the wheat bread samples with activated rye, wheat and hull-less barley grain
additive. In the research it was ascertained that bread crumb colour had become
darker if activated grains were added to wheat dough.

® Characterisation of bread porosity, pH and moisture content. The highest
bread porosity was obtained for wheat bread sample with activated wheat grain
additive (grain additive amounting to 25% of total mass of flour); it was higher
by 8.2% comparing with the test bread sample porosity. It might be explained
by intensive fermentation processes occurring in dough with activated wheat
grain additive. The content of dry matter in such dough was lower, therefore the
yeast activity increased. Bread porosity was lower for bread samples with
activated rye and hull-less barley grain additive compared to the porosity of a
bread sample without grain additive, as grain additive (35% rye grain and 45%
hull-less barley grain) to wheat dough was high, the content of dry matter
increased and fermentation processes in wheat dough decreased.

pH value was similar for all bread samples with activated grain additive
(from pH 5.3 to 5.8).

The highest content of bread moisture was obtained in wheat bread sample
with activated rye grain additive, because there was high water absorption
during the grain activation up to 24 hours when the content of moisture in rye
grain increased from 13.3% to 34.1%.

® Content of vitamins in bread samples. A higher vitamin content was
determined in wheat bread with biologically activated wheat grain additive: the
content of niacin increased 3.1 times, vitamin E — 2.7 times, vitamin B, — 8.7
times and vitamin B; — 4.1 times comparing with the test bread sample
(see Fig. 13). Vitamin C was not detected in the test bread sample, but the
content of vitamin C in wheat bread with activated wheat grain additive
amounted to 42.8 mg kg™, and it can be explained by the synthesis of vitamin C
during the grain biological activation.

In bread samples with activated rye and hull-less barley grain additive the
content of niacin was 2.1 and 2.3 times smaller respectively, and the content of
vitamin B, — 1.6 and 1.3 times (see Fig. 13), because the content of the
mentioned vitamin was not so high in inactivated grain.
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In the research it was determined, that the content of vitamin B, and E was
higher in bread samples with activated rye and hull-less barley grain additive
1.6 and 1.5 times respectively comparing with the test bread sample. Vitamin C
was not detected in the test bread sample, but its amount was higher in bread
with activated rye and hull-less barley grain additive 11.2 and 6.3 mg kg
respectively.

o Total sugar, dietary fibre, total protein and fat content in bread samples.
Bread samples with activated hull-less barley grain additive have the highest
total protein content — 24.6% comparing with the test bread sample. It might be
explained by high total albumen content in inactivated hull-less barley grain —
17.35%, and a higher amount of additive to wheat dough — 45% of total flour
mass. The content of total protein in wheat bread sample with activated rye
grain  additive is  20.9%, while with hull-less barley grain
additive — 14.3% of dry matter.

Total sugar amount in bread sample with activated wheat grain additive
comprising 18.7% was higher than in the bread sample with activated rye
grain — 13.1% and with hull-less barley grain — 12.0%. The amount of total
sugar is 1.1 times higher in wheat bread with activated wheat grain additive, 1.4
times higher in bread with activated rye grain additive, and 1.5 times higher in
bread with activated hull-less barley grain comparing with the test bread
sample.

The content of dietary fibre in experimental bread samples was: 0.70% in
wheat bread with activated wheat and hull-less barley grain, 0.90% in bread
with activated rye grain, while the content of dietary fibre is 0.50% in the test
bread sample. Such results might be explained by the increase of dietary fibre
content during the grain activation; as a result the bread with such grain
additive had a higher content of dietary fibre.

Fat content in bread sample with activated rye grain additive amounted to
0.46%, in the bread sample with activated hull-less barley it amounted to
0.43%, in the bread sample with activated wheat grain additive it amounted to
0.30%, but in the test bread sample it amounted to 0.26%.

e Changes in the content of irreplaceable amino acids. In accordance with
the experimental results the highest content of irreplaceable amino acids
(leucine — 0.65 g 100g™, arginine — 0.39 g 100g™, threonine — 0.27 g 100g™,
isoleucine — 0.21 g 100g™" and histidine — 0.31 g 100g™") was determined in the
wheat bread sample with activated hull-less barley grain additive, since grain
additive to wheat dough had been very high, yet the content of amino acids in
grain activated up to 24 hours had been higher (Fig. 14).

e Content of glycosamin in bread samples. The experiments proved that the
amount of glycosamin significantly differed in wheat bread with activated
wheat grain and other bread samples: it was by 40.45% lower than in the test
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bread sample and by 53.51% lower than in the bread sample with activated rye
grain additive (see Fig. 15). The content of glycosamin in inactivated grain
amounts to 0.023 g 100g” in wheat grain, 0.024 g 100g™” in rye grain and
0.010 g 100g™ in hull-less barley grain. The amount of glycosamin during the
activation time has increased to 0.038 g 100g™ in wheat grain, to 0.040 g 100g™
in rye grain, and to 0.047 g 100g™ in hull-less barley grain.

¢ Value of bread baking off and dry loss. The value of bread baking loss has
decreased approximately three times in the bread samples with activated rye
and hull-less barley grain additive, while the value of bread baking loss has
increased by 0.2% in the bread sample with activated wheat grain additive
comparing with the test bread sample (see Fig. 16).

According to the experimental results, the highest value of bread dry loss is
acquired for the bread sample with activated wheat grain additive, where the
value has increased from 2.4% to 8.3%, but for the bread sample with activated
rye grain additive it has only increased from 2.4 to 3.2%; yet an opposite result
was obtained for the bread sample with activated hull-less barley grain
additive, where the value of dry loss decreased from 2.4 to 2.1% comparing
with the test bread sample.

Sensory evaluation of bread

The results of hedonic rating show that the panellists have preferred the
wheat bread with biologically activated wheat and hull-less barley grain to the
other bread samples (see Fig. 17). The degree of liking is 7.1 for wheat bread
with biologically activated grain added, 7.3 for wheat bread with biologically —
activated hull-less barley grain added, and 4.9 for control bread sample.

The evaluation of sensory properties demonstrates that the use of
biologically activated wheat, rye and hull-less barley grain in making of wheat
bread does not influence the flavour and texture, but it influences the colour of
bread crumb and porosity.

Tukey’s test results indicate that the test sample has more intense white
colour in the bread crumb of samples with activated grain additive. It could be
explained by biologically activated grain additive in wheat dough samples
(see Fig. 18).

More intense porosity of bread samples with activated grain additive could
be explained due to a high activity of a-amylase and B-amylase, which
promotes the process of starch hydrolyses. As the result the dough fermentation
process is more intense and consequently the bread porosity is well developed,
which means that all the dough fermentation processes have proceeded
correctly.
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Quality changes of wheat bread with activated wheat grain
additive during the storage time

e  Moisture changes. The minimum moisture content of bread at the end of
storage has to be not less than 38% (in compliance with the regulations of the
limited liability company ,,JLM grupa” in the bakery of Jelgava). The moisture
content of wheat bread with activated wheat bread additive was 42%, but of
control wheat bread sample — 40%.

Experimentally it has been ascertained that for bread samples with the
activated wheat grain addition, and wrapped in a PVC film, the moisture
decreases from 42 to 38% within the storage time of seven days, for bread
packed in perforated PP bags — within 24 days, in unperforated PP bags — 16
days, in PP bags (air ambiance + C,H;OH) — after 26 days, in bags with barrier
properties at the modified gas atmosphere (MAP) (30% CO,+70%N,) — after
19 days, in MAP (100% CO,) — seven days, in MAP (30% CO,+70% N, +
+ C,Hs;0OH) — 32 days.

Therefore PP bags (air + C,HsOH ambience), and MAP (30% CO, +
+ 70% N, + C,HsOH ambience) have been suggested as the most suitable
packaging method for bread with activated grain addition.

e Porosity changes. For bread samples with activated grain additive and
wrapped in a PVC film the porosity decreased from 73 to 67% within the
storage time of nine days, in perforated PP bags — 16 days, in unperforated PP
bags — eight days, in PP bags (air ambiance + C,HsOH) — in 24 days, in bags
with Dbarrier properties in the modified atmosphere packaging (MAP)
(30% CO,+70%N,) — after 14 days, in MAP (30%CO, + 70%N, + C,HsOH) —
35 days. As the result PP bags (air + C,HsOH ambiance), MAP
(30% CO,+70% N+ C,HsOH ambiance) have been suggested as the most
suitable packaging method for bread with activated grain additive.

e pH changes. As experimental results proved, the most suitable packaging
method for bread with activated wheat grain additive is perforated PP bags
(storage time — 9 days) and PP bags (air + C,HsOH) (storage time — 24 days),
because no important changes in bread pH during a two weeks storage time
were observed. During this storage time bread still had a good quality.

e Changes of bread crumb hardness. Bread with activated wheat grain
additive became hard slower if packed in PP bags containing air and ethyl
alcohol vapour and in protective gas atmosphere and ethyl alcohol vapour
(30% CO, + 70% N, + C,HsOH). Bread storage time in the mentioned
packaging materials was up to 21 days, the following increase of bread crumb
hardness was observed: in PP bags with ethyl alcohol vapour — 6.7 times, in
MAP (30% CO, + 70% N, + C,HsOH) — 9.2 times; during a nine days storage
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the hardness of bread crumb packed in PP bags increased 5.4 times compared
with the initial bread crumb hardness value (see Fig. 19).

The research results demonstrated that it was possible to slow down the
process of bread crumb hardening if activated wheat grain had been added to
wheat dough: consequently bread packed into PP bags containing ethyl alcohol
vapour became hard after a nine days storage, bread packed into MAP
(30% CO, + 70% N, + C,HsOH) became hard after 17 days, and bread packed
into a PVC film became hard after four days. The processes are possible due to
the slow moisture migration occurring in bread with activated wheat grain
additive; therefore bread would stay fresh for a longer time. Wheat grain
additive ensures the possibility to increase the content of bread total protein,
total sugar and dietary fibre; as a result retrogradation process started is not so
intense.

The use of a PVC film for bread packaging is not advisable, as bread
hardness increased six times after six days storage.

e Absolute colour changes of bread crumb. The absolute colour
characterises differences of colour. The biggest difference in the absolute
colour for wheat bread was determined for the samples with activated grain
additive and for test bread samples packed into perforated PP bags; it can be
explained due to the access of oxygen to bread samples.

e Changes of bread crust hardness during the storage. The research was
aimed at determination of interconnection between the storage time of wheat
bread with activated wheat grain additive, packaging materials and packaging
method.

The research established that the changes of bread quality (the maximum
hardness of bread crust — Newton’s was determined) had been essentially
influenced by packaging material and ambiance during the storage; since the
quality differences between wheat bread with activated grain additive and the
test bread sample had occurred.

The hardness of bread crust was determined for bread samples packed into
extensively used packaging materials — a PVC film, perforated and
unperforated PP bags, and alternative packaging methods prolonging the bread
storage time — such as PP bags with air and ethyl alcohol ambiance and
protective gas atmosphere with ethyl alcohol vapour (30% CO, + 70% N, +
+ C,H50H) (see Fig. 20).

With the probability of 95%, detected by means of the variance analysis, it
may be asserted that the packaging materials influence the increase of the
hardness of bread crust (the changes of maximal bread crust hardness —
Newton’s were used as the dependent variable). It was ascertained that the
moisture migration from bread crumb to bread crust during the storage, and a
longer storage time, when the moisture migration is more intense explain the
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obtained results. Packaging materials prevent the moisture migration; as a result
bread quality is preserved for a longer time.

The differences during the storage were not determined between the quality
changes of bread with activated wheat grain additive and the test bread samples
(P =0.70 > o = 0.05), as the content of moisture in bread samples was very
similar, 42 and 40 % respectively.

The research included the determination of the mutuality of packaging
materials. The analysis was done by means of a Scheffe test (the changes of
maximum bread crust hardness — Newton’s were used as a dependent variable).
The changes of bread crust packed into a PVC film and perforated PP bags
differed from the changes of hardness of bread crust packed into PP bags
(air + C,HsOH) and protective gas atmosphere MAP (30% CO, + 70% N, +
+ C,HsOH) during the storage. The obtained results lead to the conclusion that
a PVC film and perforated PP bags have a negative influence on the changes of
bread crust hardness during the storage (high moisture migration).
Consequently bread quality is reduced, since the moisture permeability of
packaging materials is very high.

Wheat bread with activated wheat grain additive and test bread samples
became hard quicker than those packed in a PVC film.

Linear interconnection between the changes of bread crumb hardness in
several packaging materials was not found.

Development of the mathematical model

The mathematical model was developed on the basis of experimental data:
changes of the value of wheat falling number during the grain activation. Wheat
grain activation time was up to 36 hours.

The purpose for the development of the mathematical model was to
describe the intensive biochemical processes occurring during the grain
activation time, and the change of active components (carbohydrates, protein
and lipids); as these active components are important energy sources for grain
development. If grain activation time exceeds 36 hours, the active components
resume the process of synthesis to ensure the growth of a grain. Therefore we
can suppose that the speed of active component splitting is proportional to the
amount of active components.

It is not possible to determine the speed of biological processes, dependent
on grain variety and activation parameters, but it can be assumed that the speed
of such processes is a constant “V” (as there is no information available on the
kinds of processes occurring in a grain). The increase of grain falling number
value is possible due to the synthesis of active components.

As aresult a differential equation is obtained (1):
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where: 9K — speed of changes of the falling number value in the activation
dt
time, s;

K — falling number, s;

T — time constant of process;

V — speed of active component synthesis, calculated through the speed
changes of the falling number.

Initial term of the differential equation is:
K‘z:ozKos 2)
where: K, — an initial value of the falling number, s.

The differential equation is the linear preferential ordinal, non-
homogeneous differential equation with constant coefficients, which may be
solved by means of an Euler method. The solution of problems (1 and 2) is
shown in the formula 3:

K(t):(KO—T~V)~e_£+T-V 3)

where: K(t) — falling number dependence on the activation time;
t — time, h;
e — base of a natural logarithm.

To determine the coefficients V and t in equation 3, the least square
method of equation 3 is applied to the equation developed further. Using the
experimental data the sum is completed (4.):

2

S =Y Kooy, K0, =| Ky (0, ~ (K, =) “+7:V) )

where: S — sum of squares;
Keksp(t)i — an experimental value of the falling number depending on the
activation time;
Ki(t); — a theoretical value of the falling number depending on the
activation time.

A software SOLVER was used for the sum (4.) minimising.

The coefficients V (7.13) and t (7.63) were determined by means of
experimentally ascertained data and sum 4. As a result the value changes of
theoretical falling number in wheat grain during the activation time were
calculated, and a theoretical curve was obtained (see Fig. 21.).
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10.

CONCLUSIONS

The research proved that the optimal grain biological activation parameters
are: ¢ = 80%, t =34+1°C, t =24 h.

Intense biochemical processes occur during the grain activation time, as a
result grain biological value increases — the content of vitamins B,, E and
niacin, total sugar, dietary fibre and glycosamin increase; vitamin C is
synthesized, and the content of irreplaceable amino acids is increased
during the process of protein hydrolysis.

The optimum activated grain additive to wheat dough is the following:
25% wheat grain, 35% rye grain, 45% hull-less barley grain of total flour
amount.

Activated grain additive does not have a relevant influence on rheological
properties and quality of wheat dough.

The hypothesis proved to be correct, as all bread samples with activated
wheat, rye and hull-les barley grain additive had a higher biological value.
Bread samples have higher content of vitamin B,, niacin, E and C, dietary
fibre, irreplaceable amino acid, total protein, total sugar, and glycosamin
comparing with the test bread sample.

The results of a sensory analysing using hedonic rating demonstrated that a
higher degree of liking was attributed to the bread samples with activated
wheat (7.1) and hull-less barley (7.3) grain additive comparing with test
bread sample (4.9).

The changes of physical properties of wheat bread sample with activated
wheat grain additive were not so intense during the storage time for bread
packed in unperforated PP bags with air and ethyl alcohol vapour and
protective gas atmosphere with ethyl alcohol vapour.

Packaging materials and packaging atmosphere influence bread hardness:
bread staling process is more intense if bread is packed in a PVC film and
unperforated PP bags.

The applied theory proves the development of a mathematical model to
ensure the growth of a grain, the active components resume the process of
synthesis if the grain activation exceeds 36 hours; such processes
developed with a constant speed, as a result the value of the falling number
of grain increased.

The designed mathematical model is suitable not only for projections of
the value of wheat falling number, but also for other grains.
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