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PETIJUMA AKTUALITATE

Kaut arf maizei ir sena vésture, ta joprojam ir viens no galvenajiem ikdiena
lietotajiem partikas produktiem. Latvija rudzu maizes gatavoSanai ir senas
tradicijas. Ipasais miklas gatavoSanas pan@miens ar plauc&umu un ieraugu
Latvija ceptajai rudzu maizei pieskir Tpatn€jas un daudzveidigas garSas
Tpasibas.

Rudzu miltiem piemit specifiskas cepamipasibas, no tiem gatavota mikla
jabiit pietickamam skabju daudzumam. Rudzu miklas gatavoSanas laiks ir
ieverojami ilgaks neka kvieSu. Lai iegiitu labas kvalitates rudzu maizi, loti
svariga ir graudu un miltu kvalitate. Rudzu miltu cepamipasibas veidojas
dazadu faktoru ietekmé, un tie liela méra nosaka maizes kvalitati. Kvalitativa
plaucgjuma, ierauga un maizes iegiiSanai svariga ir rudzu $kirnes izvéle, laika
apstakli graudu nogatavinaganas un novaksanas laika, mal$anas tehnologija un
miltu uzglabasanas apstakli.

Rudzu miltu cepamipasibu raksturoSanai un izvertésanai ka vispiemérotakie
raditaji atziti kriSanas skaitlis un amilogramma, kura parada cietes kompleksa
Tpasibas un cieti hidroliz&joso amilolitisko fermentu aktivitati graudos un miltos
(Drews, 1975; Dorfer, 1990, 2001; Spicher et al., 1993; Hansensen et al.,
2001). Literatura trukst datu par dazadu Latvija razotu rudzu miltu
cepamipaSibu vert€§jumu pec cietes stavokla un amilazu aktivitates.
Visprecizako priekSstatu par rudzu miltu cepamipasibam rada kontrolcepieni.
Ta ir ievérojami darbietilpigaka metode neka kriSanas skaitla un amilogrammas
noteikSana, tomér sniedz relativi precizus rezultatus (Briimmer, 1998).

Latvija ir veikti pétfjumi par plaucgjumam izmantota Gidens temperatiiras
ietekmi uz ta kvalitati, ka arT par iesala pievieno$anas daudzumu un apstakliem.
Iegita plaucEjuma kvalitate novértéta organoleptiski (Kunkulberga, 1997,
1998, 2001). Sadi plaucgjuma kvalitate tick novértsta arT ceptuvés. Nemot vera,
ka vertg§jumu ietekmé stradnieka darba stazs, veseliba, noskanojums un citi
faktori, kas saistiti ar cilvéku ka individualitati, ir nepiecieSami objektivi
plaucgjuma kvalitates noveérteSanas krit€riji. Lai arT pétits rudzu maizes
cepSanas process un piemérotakie cepSanas rezimi (Zigurs, 1971; Abolips,
1985, 1971), tomér vél daudzi jautajumi par rudzu maizes kvalitati nav
noskaidroti.

Darba mérkis: noteikt un izvertét Latvija raZotu rudzu miltu kvalitates
raditajus un piemérotibu kvalitativas rudzu maizes iegiiSanai.

Darba mérka sasniegSanai izvirziti $adi uzdevumi:
1)analiz&t un salidzinat pieprasitako rudzu skirpu graudu kimisko sastavu un
no tiem iegiito miltu cepamipasibas;
2)izpetit Latvijas ceptuvém piedavato rudzu miltu kvalitates raditajus un to
kopsakaribas;
3)izpetit reducgjoso cukuru veidosanas dinamiku rudzu miltu plaucgjumos;
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4)izvertet amilazu preparatu izmantosanas iesp&jas rudzu miltu plauc€juma
gatavosanas procesa un to ietekmi uz maizes kvalitati;

5)izveidot matematisko modeli, kas raksturo reducgjoSo cukuru veidoSanas
dinamiku rudzu miltu plaucgjuma;

6)pilnveidot rudzu miltu kontrolcepiena metodi un piemérot to Latvijas
apstakliem.

Pétijuma novitates un zinatniskais nozZzimigums

1. Izstradata metode reducgjoso cukuru noteikSanai rudzu miltu plaucgjuma.

2.Pirmoreiz izpétita reducgjoso cukuru veidosanas dinamika rudzu miltu
plaucgjumos.

3. Pilnveidota metode rudzu miltu kontrolcepienam, ko var izmantot rudzu
miltu cepamipasibu novértéSanai Latvija.

4.Izvertetas rudzu miltu cepamipasibas laika posma no 2000. Iidz 2004.
gadam, izmantojot fizikali ktmiskas metodes un kontrolcepienu.

S5.1zstradats empiriskais matematiskais modelis, ar kuru var aprékinat
reducgjoso cukuru veidoSanas dinamiku plaucgjuma.

Darba tautsaimnieciska nozimiba

1. Izpétiti rudzu Skirpu ‘Puhovéanka’, “Vambo’, ‘Amilo’, ‘Hacada’, ‘Kaupo’,
‘Duonia’ un ‘Voshod’ miltu kvalitates raditaji un cepamipasibas.

2. Pilnveidota rudzu miltu kontrolcepiena metode tieck izmantota a/s “Jelgavas
Dzirnavas” laboratorija un vairakas ceptuves Latvija, lai izvertetu rudzu
miltu cepamipasibas.

ZINATNISKA DARBA APROBACIJA

Par darba gaitu un rezultatiem sniegti 10 zinojumi doktorantu zinatniskajas
un zinatniski-p&tnieciskajas konferencés LLU, starptautiskajas konferences
Lietuva, Cehija, Vacija un Spanija, ka ari seminaros, ko organiz&jusi graudu
parstrades uznémumi Latvija.

1.Brence E Biokimiskic un mikrobiologiskie procesi rudzu miltu
plaucgjuma. LU 58. Akadémiska konference Mikrobiologijas un
biotehnologijas sekcijas séde, Riga, 2000. g. 9. februaris (referats / oral
presentation).

2.Kreicbergs V., Karklina D., Brence E., Kunkulberga D. Dynamics of
reducing sugar changes in scald of rye flour. Chemical reactions in Food
1V, Prague, Czech Republic, 20.—22. September 2000 (stenda referats /
poster presentation).

3.Brence E., Gudéna M. Rudzu miltos un maiz€ esoSo oglhidratu
raksturojums. LLU PTF Zinatniski-praktiska konference, 21.gs. kopa ar
zinatni, Jelgava 2000. g. 29. marts (referats / oral presentation).
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4.Brence E., Kazradzis M., Kreicbergs V. Reducgjoso cukuru noteiksanas
metodikas pilnveidosanas iesp€jas rudzu miltu plaucgjuma. LLU PTF
zinatniski-praktiska konference, Partikas un attistibas virzieni nakotne,
Jelgava 2001. g. 4. aprilis (referats / oral presentation).

5.Brence E. Reducgjoso cukuru dinamiskads izmainas cietes hidrolizes
procesa. Starptautiska zinatniskd doktorantu konference Zindatne lauku
attistibai, Jelgava, 2001. g. 22.-23. maijs (referdats / oral presentation,).

6.Brence E. Analyses of rye flour baking properties. International scientific
conference Research for rural development, Jelgava 2002. g. 22.-24. maijs
(referats / oral presentation,).

7.Brence E. Plaucgjuma nozime kvalitativas rudzu maizes gatavosanas
tehnologiskaja procesa. “Jelgavas Dzirnavu” rikotais seminars Latvijas
maizniekiem, Jelgava, 2002. g. 31. oktobris (referats / oral presentation).

8.Brence E., Blija A. Ist-Analyse in der Prozessen der
Roggenbrotherstellung. 9. Symposium zur Lebensmitteltechnologie in
Neubrandenburg Die EU-Osterweiterung Neue Haerausforderungen und
Chancen, Neubrandenburg, Deutschland, 7.—8. Mérz 2003. (referats / oral
presentation).

9.Kunkulberga D., Straumite E., Galoburda R., Sauss 1.) Possibilities for
scald use in formed rye bread making. Innovations in traditional Foods,
IntradFood Congress, Valencia, Spain, October 25-28, 2005 (stenda
referats / poster presentation).

10.  Straumite E., Kunkulberga D., Ivanova A., Kreicbergs V. Latvian rye
flour quality assessment. 1* Baltic Conference on Food Science and
Technology, FOODBALT-2006, Kaunas, Lithuania, April 25-26, 2006
(stenda referdts / poster presentation).

Darba rezultati atspoguloti 10 zinatniskajas publikacijas latvieSu, anglu un
vacu valodas, no kuram 7 — LZP atzitos izdevumos.

1.Kreicbergs V., Karklina D., Brence E., Kunkulberga D. (2000) Dynamics
of Reducing Sugar Changes in Scald of Rye Flour. Proceedings Czech
Journal of Foods Sciences, Vol. 18, Prague, Czech Republic, p. 237-238.

2.Brence E., Kreicbergs V. (2001) Studies on changes of reducing sugars in
rye flour scald. Food chemistry and technology, Kaunas,
p. 5-10.

3.Brence E. (2001) Reducgjoso cukuru dinamiskas izmainas cietes
hidrolizes procesa. Zinatne lauku attistibai. Starptautiskas zinatniskas
konferences referati, Jelgava, LLU, 131. — 134.1pp.

4.Brence E., Kazradzis M., Kreicbergs V. (2001) Reducgjoso cukuru
noteikSanas metodikas pilnveidoSanas iesp&jas rudzu miltu plaucgjuma.
Partikas un attistibas virzieni nakotn€. Zinatniski praktiskas konferences
referati, Jelgava, LLU, 171.—-173. Ipp.



5.Brence E. (2002) Analyses of rye flour baking properties. Research for
rural development. International scientific conference
proceedings 2002, Jelgava, LUA, p. 162—165.

6.Brence E., Kreicbergs V., Ivanova A. (2003) Evaluation of bread making
qualities of several rye varieties. Safety Food Production for the healthy
Nutrition. International Scientific Practical Conference, Jelgava, LUA,
p.7-11.

7.Straumite E., Kunkulberga D., Ivanova S. (2005) Kontrolcepiena metodes
pilnveide  rudzu  miltu  cepamipas§ibu  noteikSanai.  Latvijas
Lauksaimniecibas universitate, Raksti, 13 (308), Jelgava, 85.-91.1pp.

8.Brence E., Gudéna M. (2000) Rudzu miltos un maizé eso$o oglhidratu
raksturojums. 21.gs. kopa ar zinatni. Zinatniski-praktiskas konferences
referati, Jelgava, 31.-32.1pp.

9.Brence E., Blija A. (2003) Die Auswertung der Risikoquellen im
Produktionsprozess der Roggenbrotes. Die EU-Osterweiterung Neue
Haerausforderungen und Chancen, Neubrandenburg, S. 73.—83.

10. Kunkulberga D., Straumite E., Galoburda R., Sauss 1. (2005)
Possibilities for scald use in formed rye bread making. Innovations in
traditional Foods, IntradFood Congress Proceedings, Valencia, Spain, p.
959-961.

Saistiba ar pétamo problému autores vadiba izstradati vairaki studentu
zinatniski pétnieciskie darbi bakalaura grada iegiiSanai.

MATERIALI UN METODES

Pétijumi veikti laika no 1999. lidz 2005. gadam $adas vietas:

e Latvijas Lauksaimniecibas universitates Agronomisko analizu zinatniski
pétnieciskaja laboratorija (cietes un olbaltumvielu satura noteiks$ana);

e Latvijas Lauksaimniecibas universitates Partikas tehnologijas katedras
laboratorijas (reducgjoso cukuru satura noteikSana, maizes ar plaucgjumu
cepsana, rudzu miltu cietes graudu formas noteikSana ar mikroskopu);

e a/s ,Jelgavas Dzirnavas” un a/s “Rigas Dzirnavnieks” laboratorijas
(miltu mitrums, kriSanas skaitlis, cietes klisterizéSanas maksimums amilografa
vienibas);

e a/s ,Jelgavas Dzirnavas” laboratorija (rudzu miltu kontrolcepieni);

e Latvijas Universitates Biologijas institita laboratorijas (aminoskabju

sastava un satura noteikSana).

Miltu mitrums noteikts pec LV ST ZM 71-96 standarta metodes zaveésanas
skapt CELII-1.

KriSanas skaitlis noteikts p&c LV ST ZM 77 — 96 un ISO 3093-1982 (E)
standarta metodes ar iekartu Falling Number 1500.
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Cietes klisterizacijas maksimums un cietes klisterizéSanas maksimala
temperatiira noteikta péc ISO 7973:1993 standarta metodes ar iekartu
Amylograph E.

Olbaltumvielu saturs noteikts ar Kjeldala metodi (metode AACC 46-20),
kas pamatojas uz slapekla satura noteikSanu partikas produktos.

Aminoskabju saturs noteikts péc ISO 5508: 1990 standarta metodes ar
gazu hromatografu Mikrotechna AAA 339.

Cietes saturs noteikts ar standartmetodi ISO 6493, tas pamata ir cietes
hidrolize, kas veicina cietes sadaliSanos.

Cietes graudinu forma apskatita ar binokularo mikroskopu
MOTIC Bl — 2234 (palielinajums 1500 reizes).

Rudzu miltu plaucéjums gatavots no 1370. un 1740. tipa miltiem,
pievienojot tideni péc tradicionalas rudzu maizes gatavosanas tehnologijas, kas
paradita 1. attela.

Rudzu milti / Rye Udens / Water
flour t=90-96 °C

=

Plaucgjums / Scald
t=70-65°C,1=2-2,5h

I

Paraugu nonemsana /
Sampling

Amilazu preparats /
Amylases

1. att. Rudzu miltu plaucéjuma gatavosanas tehnologija
Fig.1. Technology of the rye flour scalding preparation

300 g 1740. un 1370. tipa rudzu miltu tika parlieti ar 800-900 ml
90-96 °C tidens. Sada miltu un Gidens attieciba izmantota arT plaucgjumiem no
rudzu Skirnu ‘Puhovcanka’, ‘Amilo’, ‘Hacada’, ‘Kaupo’ un ‘Voshod’ miltiem.
Lai noteiktu reducgjoso cukuru saturu plaucgjuma 100—120 mintsu laika péc ta
pagatavosanas, ik pec 5—10 min tika nemti paraugi analizém.

Reducéjoso cukuru saturs plaucgjumos noteikts ar fotometriski
kolorimetrisko metodi, izmantojot iekartu K@K—2-VXJI 4.2. Metode pamatojas
uz to, ka sarmaina vidé reducgjoSie cukuri reagé ar kalija heksacianoferratu
(K;3[Fe(CN)g]). Jo vairak reducgjoso cukuru satur analiz€jamais produkts, jo
mazaka ir pétama Skiduma gaismas absorbcija. Gaismas absorbciju dzeltenas
krasas skidumam méra pie vilpu garuma 440 nm, ka kontroles paraugu
izmantojot destilétu Gdeni. Veido glikozes standartlikni, kuras koordinatas ir
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glikozes saturs (mg 100 ml") un gaismas absorbcija (Kopeman, 1989). P&c
glikozes standartliknes atrod reduc€jos$o cukuru saturu analiz€jamaja parauga
un, izmantojot 1. formulu, izrékina glikozes saturu reducgjoSo cukuru
sastava mg 100 ml™.

_ gxv,;x100 D
v, xmx1000

kur Q- reducgjoso cukuru saturs / content of reducing sugars, mg 100 ml™";
q — pec grafika atrastais glikozes daudzums / glucose content determined from
graph, mg 100 ml™';
v, — mérkolbas tilpums / flask volume, ml;
Vv, — parauga tilpums / volume of sample, ml,
m — parauga sakuma iesvars / initial mass of sample, g.

Rudzu miltu kontrolcepienu pamatreceptiira paredz&ts izmantot 1000 g
rudzu miltu, 600 g Gidens, 17 g rauga un 10 g sals. Sagatavoto miklu raudzg 60
miniites 36-38 °C temperatira, péc tam cep 60 miniites 220-230 °C
temperatiira. Izcepto maizi noveérté péc 24 stundam. Eksperimentu veikSanai
izmantota a/s “Jelgavas Dzirnavas” laboratorijas krasns P3-XJII1, kas paredz&ta
eksperimentaliem maizes cepieniem no kviesu un rudzu miltiem.

Datu apstrade veikta ar matematiskas statistikas metodeém, iegiitajiem
rezultatiem aprekinati vid&jie aritmétiskie lielumi, standartnovirze, veikta
vienfaktora un divfaktoru dispersijas analize, ka arT regresijas analize, lietojot
Microsoft Excel for Windows 7.0 un SPSS programmas paketi.

PETIJUMU REZULTATI UN DISKUSIJA
1. Latvijas rudzu s$kirpu graudu kvalitate

Petfjumi veikti laika posma no 2001. Iidz 2004. gadam par rudzu Skirnu
‘Puhovcanka’, ‘“Vambo’, ‘Amilo’, ‘Hacada’, ‘Kaupo’, ‘Duonia’ un ‘Voshod’
graudu kvalitates raditajiem: mitrumu, kriSanas skaitli, cietes klisterizacijas
maksimumu, cietes klisterizacijas maksimalo temperatiiru un piemé&rotibu
parstradei miltos. P&tijumi par rudzu Skirpu ‘Hacada’, ‘Kaupo’, ‘Duonia’ un
‘Voshod’ kvalitates raditajiem veikti 2003. un 2004. gada, jo ieprieks€jos gados
So Skirpu rudzu graudi Latvija nebija tik populari un no tiem netika iegtiti milti.

P&tamo graudu paraugu mitrums ir no 12,6 lidz 13,5 % — tas ir optimals, lai
graudus uzglabatu un parstradatu miltos. P&tljumos izmantoto rudzu Skirpu
kvalitates vidgjie raditaji — kriSanas skaitlis un cietes klisterizacijas maksimums
redzami — 2. un 3. attéla.
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2. att. Rudzu $kirpu graudu krisanas skaitlis
Fig.2. Falling number of crops of rye varieties

No ¢etru gadu razas nemtu rudzu skirnes ‘Amilo’ graudu kriSanas skaitlis ir
virs 300 s, bet skirnes ‘Vambo’ graudiem — 190-205 s, tas liecina, ka So graudu
miltos cieti hidrolizgjoSie fermenti ir neaktivi (2. attéls). Rudzu Skirnes
‘Puhovéanka’ graudu kriSanas skaitlis dazadu gadu razai ir atSkirigs. 2004.
gada razas graudu kriSanas skaitlis ir 151 s, tatad fermentu aktivitate ir
pietiekama, lai iegtitu labas kvalitates miltus un rudzu maizi. Savukart 2002. un
2003. gada razas graudu kriSanas skaitlis ir augsts (attiecigi 236 un 238 s). ArT
rudzu Skirnes ‘Hacada’ graudu kriSanas skaitlis vairakus gadus ir augsti. No
rudzu skirnes ‘Duonia’ graudiem iegtito miltu kriSanas skaitlis gan 2003., gan
2004. gada bija tuvu 100 sekundém — attiecigi 86 un 105 s —, un tas liecina par
apmierino$am miltu cepamipasibam. KriSanas skaitlis rudzu Skirpu ‘Kaupo’ un
‘Voshod’ graudiem ir robezas no 170 Iidz 190 s, tas ir optimals, lai iegltu
miltus ar labam cepamipasibam.

Analizgjot datus par dazados gados no atskirigu rudzu Skirpu graudiem
ieglito miltu Tpasibam (3. attéls), redzams, ka Skirnes ‘Puhov¢anka’ 2001. un
2004. gada razas graudu cietes klisterizacijas maksimums ir 220 AV, kas
liecina par miltu sliktam cepamipasibam. No §adiem miltiem ieglis rudzu maizi
ar lipigu un mitru mikstumu, jo liela dala cietes tiek hidrolizéta fermentu
ietekmé.
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Cietes klisterizacijas maksimums, AV /
Maximum of starch gelatinization, AU

'Puhovéanka'Vambo' 'Amilo’ 'Hacada' 'Kaupo' 'Duonia’ 'Voshod'
82001 B@2002 EB2003 E@2004

3. att. Rudzu $kirnu graudu cietes klisterizacijas maksimums
Fig. 3. Rye crops starch gelatinization maximum

Turpretim 2002. un 2003. gada ‘Puhov¢anka’ graudu cietes klisterizacijas
maksimums ir attiecigi 300 un 340 AV, tas lauj rudzu miltu cepamipasibas
raksturot ka apmierino$as. ArT ‘Duonia’ un ‘Vambo’ visu paraugu, iznemot
vienu, cietes klisterizacijas maksimums ir mazaks par
250 AV, un tas liecina par So Skirpu miltu sliktam cepamipasibam. Labas
cepamipasibas ar cietes klisterizacijas maksimumu 350-650 AV ir rudzu skirgu
‘Hacada’ un ‘Amilo’ graudiem. Pargjam pé&tamajam rudzu Skirn€m cietes
klisterizacijas maksimums ir robezas no 260 lidz 340 AV, un tas liecina par
miltu apmierino§am cepamipasibam. Sadus miltus ieteicams izmantot rudzu
maizes ierauga gatavosanai.

Izpétot savstarp&jo sakaribu starp dazadu rudzu $kirpu graudu kriSanas
skaitli un cietes klisterizacijas maksimumu, var secinat, ka pastav cieSa
korelacija starp Siem kvalitates raditajiem (4. attéls). CieSo saistibu apstiprina
korelacijas koeficients r, kas ir 0,91. Tas nozimé — jo mazaks rudzu graudu
krisanas skaitlis, jo zemaks cietes klisterizacijas maksimums.
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4. att. Korelacija starp rudzu Skirpu graudu krisanas skaitli un cietes
klisterizacijas maksimumu
Fig. 4. Correlation between Falling Number and starch gelatinization
maximum for rye grain varieties

Visu rudzu Skirnu miltu paraugiem cietes klisterizacijas maksimala
temperatiira ir robezas no 65,3 lidz 69,2 °C, kas atbilst literatlira noraditajai
optimalajai temperattrai — 63-68 °C (Weipert, 1998). Lidz ar to miltus no So
rudzu Skirpu graudiem var izmantot gan plaucgjuma, gan rudzu miklas
gatavosanai.

Rudzu miltu galvenas sastavdalas ir oglhidrati un olbaltumvielas, tade]
eksperimentos izmantotajam rudzu Skirn€m tika noteikts
e olbaltumvielu saturs, arT aminoskabju kvalitativais sastavs un
kvantitativais saturs;
e cietes saturs;
e cietes graudinu forma un diametrs.

Izvertgjot olbaltumvielu saturu dazadu rudzu skirnu graudos, var secinat, ka
visvairak olbaltumvielu ir ‘Amilo’ (9,374£0,09%) un ‘Kaupo’ graudos
(9,38+0,08%), bet vismazak — ‘Hacada’ graudos (7,94+0,05%). Savukart skirpu
‘Puhov¢anka’ un “Voshod’ graudos olbaltumvielu saturs ir attiecigi 8,82+0,01
un 8,92+0,02%. Tatad, spriezot pec olbaltumvielu kopg€ja satura, par
vertigakam var uzskatit rudzu Skirnes ‘Amilo’ un ‘Kaupo’.
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5. att. Neaizvietojamo aminoskabju saturs dazadu rudzu $kirpu
graudos
Fig. 5. Content of essential amino acids in corn samples of different
rye crops
1 — fenilalanins / phenylalanine; 2 — izoleicins / isoleucine; 3 — leicins / leucine;
4 — treonins / threonine; 5 — valins / valine; 6 — lizins / lysine; 7— metionins / methionine.

Rudzu graudos ietilpstoSo neaizvietojamo aminoskabju satura analizes
rezultati parada, ka lizins visu $kirpu paraugos ir [idzigs un ta saturs ir robezas
no 0,20 g 100 g ‘Amilo’ graudos Iidz 0,22 g 100 g ‘Kaupo’ un ‘Voshod’
graudos (5. att€ls.). Otras svarigakas neaizvietojamas aminoskabes —
metionina — visvairak ir ‘Voshod’ graudos. P&c neaizvietojamo aminoskabju
satura par veértigako var uzskatit rudzu Skirni ‘Voshod’, jo Sajos graudos ari
fenilalanina un treonina ir nedaudz vairak neka pargjos paraugos. ‘Kaupo’
graudos ir vairak leicina neka citos paraugos, bet maz valina. Darba nav
noteikts neaizvietojamas aminoskabes triptofana saturs rudzu graudos, jo to nav
iesp&jams konstatét ar gazu hromatografijas metodi.

Salidzinot aminoskabju kvalitativo sastavu un kvantitativo saturu rudzu
Skirpu graudos, var secinat, ka vertigakas ir skirnes ‘Voshod’, ‘Puhovéanka’ un
‘Kaupo’, kuras ir par 4,9-16,8% vairak aizvietojamo aminoskabju un par
1,2-7,7% vairak neaizvietojamo aminoskabju neka ‘Hacada’ un ‘Amilo’
graudos (6. attels). STs Skirnes izmantojot rudzu maizes gatavo$ana, netiesa
veida var palielinat maizes uzturvértibu.
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6. att. Kopé€jais neaizvietojamo un aizvietojamo aminoskabju saturs
rudzu $kirnu graudos

Fig.6. The total content of essential and nonessential amino acids in the
crops of rye varieties

Cietes saturs pétamo rudzu skirpu graudos ir no 55,04 lidz 59,91%.
Visvairak — 59,91% — cietes ir ‘Kaupo’ graudos, bet vismazak — 55,04% —
‘Amilo’ graudos.

Apskatot piecu petamo rudzu Skirpu cietes graudinus mikroskopa, var
secinat, ka arT Latvija audzto rudzu skirnu cietes graudu izmeri atbilst
literat@ira mingtajiem vidgjiem raditajiem — 12-40 pm (Belitz, 1989). Skirnu
‘Voshod’, ‘Amilo’ un ‘Hacada’ miltos cietes graudu vidgjais diametrs sasniedz
34-35 pm un to p&c skaita ir maz. ‘Kaupo’ cietes graudu vid€jais diametrs ir
18,25 pm, un, salidzinot ar citu $kirpu cietes graudu daudzumu, to ir vairak.
Skirnes ‘Puhovéanka’ miltos cietes graudu vidgjais diametrs ir 25,23 um un to
ir daudz, tacu dala cietes graudu ir jau hidroliz&éti, un tas nozimé, ka
amilolitiskie fermenti ir aktivi un cietes graudi ir paklauti to iedarbibai. Par
aktivu fermentu darbibu liecina ari §1s rudzu Skirnes miltu zemais kriSanas
skaitlis.

Rudzu miltu plaucgjumam ieteicams izmantot tadas Skirnes, kuru cietes
graudu diametrs ir liels un kuras nav sakusies amilazes darbiba. Jo lielaks cietes
grauds, jo atrak tas spgj piesaistit Gideni un ir vieglak pieejams fermentiem. Tas
ir svarigs faktors rudzu miltu plauc€juma gatavoSanas procesa.
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2. Miltu kvalitates raditaju izvertejums

Petfjumi par maizes ceptuv@s izmantoto rudzu miltu kvalitates raditaju
izmaindm dazados audze€Sanas gados nav veikti, tadel p&tjumos lietotie milti
nemti no dzirnavam. Miltiem noteikti $adi kvalitates raditaji — kriSanas skaitlis,
cietes Kklisterizacijas maksimums un cietes Kklisterizacijas maksimala
temperatiira —, kas raksturo amilolitisko fermentu aktivitati un cietes graudinu
kvalitati. Laika posma no 2000. lidz 2004. gadam kopuma izanaliz&ti 393
1740., 1370. un 700. tipa rudzu miltu paraugi.

Lai iegiitu labas kvalitates rudzu maizi, par optimalam kriSanas skaitla
vertibam miltu un maizes razotaji uzskata

e 1740. tipa rudzu miltiem — 130 Iidz 145 s;
e 1370. tipa rudzu miltiem — 145 Iidz 165 s;
e 700. tipa rudzu miltiem — 165 Iidz 185 s.

Petito dazada tipa miltu paraugu ar vienadu kriSanas skaitli un cietes
klisterizacijas maksimumu un to savstarp&jo korelaciju skaita sadalfjums
paradits 7., 8. un 9. attela.

P&tfjumos konstatts, ka 4,8% miltu paraugu kriSanas skaitlis ir mazaks par
120 s. Sados miltos fermenti ir aktivi, un tos var izmantot galvenokart
plaucgjumu gatavoSanai, lai izveidotos pietickami daudz cukuru, kas
nepiecieSami raudzéSanas procesa. Miklu gatavojot, ieteicams palielinat
pievienojama skaba ierauga apjomu, jo tas kaves fermentu darbibu raudzesanas
un cepsSanas laika. Paaugstinata fermentu aktivitate miltos, kuru kriSanas
skaitlis ir I1dz 120 s, novérota galvenokart 1740. tipa miltos.

8,2% péetamo 700. tipa miltu paraugu konstatéts augsts kriSanas skaitlis
(virs 190 s), to var€tu skaidrot tadgjadi, ka milti iegtiti no graudu endospermas,
kura ir vairak cietes un olbaltumvielu, bet mazak fermentu. Visliclaka kriSanas
skaitla amplitiida konstatéta 1370. tipa miltiem — iesp&jams, tad€l, ka miltos
ietilpst gan graudu endosperma, gan ar&jie slani, kuros ir vairak fermentu.

Lai iegiitu kvalitativu rudzu maizi, cietes klisterizacijas maksimumam jabit
robezas no 350 Iidz 650 AV un cietes Kklisterizacijas maksimalajai
temperatiirai — no 63 Iidz 68 °C (Seibel, 1988).

Izvertgjot 8. attéla paraditos rezultatus, var secinat, ka 17,7% 1740. tipa
miltu, 13,3% 700. tipa un 19,5% 1370. tipa miltu cietes klisterizacijas
maksimums ir mazaks par 250 AV. Tas liecina par sliktam miltu
cepamipasibam. Lai uzlabotu miltu cepamipasibas, nepiecieSams tos jaukt ar
kvalitattivakiem miltiem un maizes gatavoSanas laika pievienot lielaku ierauga
daudzumu. Tas samazinatu fermentu aktivitati un uzlabotu miklas paSibas.
Cietes klisterizacijas maksimums ir zems galvenokart tiem miltu paraugiem,
kuriem arT kriSanas skaitlis ir mazs.

Savukart 40% 1740. tipa un 44,6% 700. tipa miltu cietes klisterizacijas
maksimums (AV) ir 350-650, un tas liecina par labam miltu cepamipasibam.
Sadus miltus izmantojot razo$ana, iegiist rudzu maizi bez defektiem. P&tijumi
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parada, ka pastav kvalitates atSkirtbas ka dazadu tipu, ta viena tipa miltu
ietvaros.

Eksperimentali noverots, ka rudzu miltu cietes klisterize€Sanas maksimala
temperatlira ir robezas no 65,2 Iidz 68,5 °C. Literatura noradits, ka rudzu miltu
cietes klisterizésanas maksimumam jabiit robezas no 63 Iidz 68 °C (Seibel,
1988). Var secinat, ka pétijumos izmantoto rudzu miltu paraugiem cietes
klisteriz€$anas maksimala temperatiira ir optimala, lai izceptu kvalitativu maizi.
Neatkarigi no miltu iegliSanas gada visaugstakais cietes KklisterizéSanas
maksimums ir 1740. tipa miltiem, jo tie satur vairak graudu argjo dalu un tas
traucg cietes uzbrieSanu.

Krievija un Vacija veiktie p&tijumi parada, ka pastav korelacija starp miltu
galvenajiem kvalitates raditajiem: kriSanas skaitli un cietes klisterizacijas
maksimumu. Vacu zinatnieks Brummers (Briimmer) konstat€jis, ka pastav
korelacija starp maksimalo viskozitati un kriSanas skaitli, piem., 997. un 1150.
tipa rudzu miltiem korelacijas koeficients r = 0,78 (Briimmer, 2002). Tacu laika
posma no 2000. lidz 2004. gadam ar Latvija iegilitajiem rudzu miltiem veiktie
petijumi parada, ka starp cietes klisterizacijas maksimumu un miltu kri$anas
skaitli pastav vidgji cieSa korelacija (9. attéls), korelacijas koeficients ir
0,5 < |r| < 0,8 (Arhipova u. c., 2000), un dazadu tipu miltiem tas ir atSkirigs:

e 1740. tipa miltiem r = 0,57,
e 1370. tipa miltiem r = 0,74;
e 700. tipa miltiem r = 0,66.

Korelacija parada tendenci — jo zemaks kriSanas skaitlis, jo mazaks cietes
klisterizacijas maksimums. Rupjajos miltos ietilpst visas graudu dalas, tas ir
tieSi saistits ar graudu kvalitati, ko var ietekmet laika apstakli, tapec kvalitates
raditaju savstarpgja saistiba nav tik izteikta. Savukart 700. tipa miltos ir vairak
graudu ieksg€jo slanu, un tas var€tu padarit cieSaku saistibu starp kriSanas skaitli
un cietes klisterizacijas maksimumu. AtSkiribas no citu valstu zinatnieku
petijumu rezultatiem varétu skaidrot ar to, ka miltos no Latvija audz&tiem
graudiem ir at$kirigs pelnvielu daudzums, ka arT pétiti milti, kas iegiti no citam
rudzu Skirném.
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3. Reducéjoso cukuru dinamika rudzu miltu plaucéjumos

Literatiras analize liecina, ka nav izstradatas fizikali kimiskas metodes
plaucgjuma kvalitates novert€Sanai. Hromatografiskds un cukuru summaras
noteikSanas metodes §im nolikam lietot nav iesp&ams, jo rudzu miltos
monosaharidu — maltozes un glikozes — ir salidzinosi maz (1,5-2,1%).
Plaucgjums ir biezs, tumsas krasas viskozs Skidums, tad€] cukuru noteikSanai
izmantot polarimetriskas metodes nav iesp&jams. Nozimigakie plaucgjuma
notiekoSie procesi ir saistiti ar cietes hidrolizi amilolitisko fermentu darbibas
ietekm& un cietes klisterizaciju. Cietes hidrolizes ietekmé veidojas
mazmolekularie dekstrini un reducgjosie cukuri: maltoze un glikoze. Izvertgjot
visus apstaklus, secinats, ka reducgjoso cukuru noteikSanai plaucguma
jaizvélas fotometriska metode.

Reducéjoso cukuru satura noteik§ana ar fotometrisko metodi

Reducgjoso cukuru saturs plaucgjumos, kas gatavoti no rudzu miltiem ar
piecam dazadam kriSanas skaitla vértibam, noteikts ar fotometrisko metodi.
P&tTjumi par reducgjoso cukuru veidosanas dinamiku veikti 1740. un 1370. tipa
rudzu miltiem, kuru kriSanas skaitli ir attiecigi 70—145 s un 154-250 s robezas.
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S

Reducgjoso cukuru saturs / Content of
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— % —KS 136 —»*—KSI145

10. att. Reducéjoso cukuru veidoSanas dinamika plaucéjuma no
1740. tipa miltiem
Fig. 10. Reducing sugar formation dynamics in the scald from
flour of the type 1740
Plaucgjuma gatavoSanai izmantoto miltu kriSanas skaitlis / Flour Falling Number:
KS 70 -70s; KS 121 — 121 s; KS 130 — 130 s; KS 136 — 136 s; KS 145 — 145 s.
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Reducgjoso cukuru veidoSanas dinamika plaucgjuma no 1740. tipa miltiem
ar dazadu kriSanas skaitla vertibu paradita 10. attela. Tulit peéc paraugu
applaucé$anas reducgjo$o cukuru saturs plaucgjuma ir 59-6,3 g 100 g’
Vismazak reducgjoso cukuru — 59 g 100 g’ — veidojas plaucgumos no
miltiem, kuru kriSanas skaitlis ir 121 un 145 s, bet visvairak — plauc&juma no
miltiem ar kriSanas skaitli 70 s. Tas parada, ka, lidzko milti tiek aplieti ar karstu
tideni, darboties sak amilolitiskie fermenti un notiek strauja cietes klisterizacija
un hidrolize. Visos plauc€jumos, neatkarigi no to pagatavoSanai izmantoto
miltu kriSanas skaitla, pirmo 20 min laika reducgjoso cukuru raganas dinamika
ir Iidziga. Visos plaucgjumos vérojama tendence, ka p&d&jo 20 miniiSu laika (no
100 Iidz 120 minttei) reducgjoso cukuru saturs picaug maz — par 2,1-2,3%.
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11. att. Reducéjoso cukuru veido$anas dinamika plaucéjuma no
1370. tipa miltiem
Fig.11. Dynamics of formation of reducing sugars in the scald from
flour of the type 1370
Plaucgjuma gatavosanai izmantoto miltu kriSanas skaitlis / Flour Falling Number:
KS 154 — 154 5; KS 165 —-165s; KS 176 — 176 s; KS 180 — 180 s; KS 250 — 250 s.

Plaucgjumos no 1370. tipa miltiem ar zemu fermentu aktivitati (kriSanas
skaitlis — 180 un 250 s) tulit p&c plaucéjuma pagatavosanas reduc€joso cukuru
saturs ir 8,1£1,9 un 8,3+1,9 g 100 g — tas ir par 11% mazak neka plauc&jumos,
kuru gatavoSanai izmantoto miltu kriSanas skaitlis ir 154 un 165 s (11. attels).
Pirmajas 10 min reducgjosie cukuri veidojas strauji, plauc€jumos no 1370. tipa
rudzu miltiem ar kriSanas skaitli 250 s to saturs sasniedz 13,2+1,9 g 100 g",
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savukart plauc€jumos no miltiem ar kriSanas skaitli 165 s to saturs ir
14,3£1,9 g 100 g'. Nakamajas 10 min reducgjoso cukuru saturs pieaug tikai
apméram par 0,4 g 100 g, bet vélak vérojama straujaka reducgjoso cukuru
veidosanas — p&c 100 min to daudzums sasniedz 18,1-19,2 g 100 g™

Izvertgjot plauc€jumam izmantoto miltu krisanas skaitla ietekmi uz
reducgjoso cukuru saturu talit péc applaucésanas un péc 100 min, var secinat:
jo mazaks miltu kriSanas skaitlis, jo vairak reducgjoso cukuru biis plaucgjuma
gan pirmajas 10 min, gan arT péc 100 min. Par to liecina korelacijas koeficienti
r = 0,77 plaucgjumos no 1740. tipa miltiem un r = 0,93 — no 1370. tipa miltiem.

Salidzinot reducgjoso cukuru saturu 1740. un 1370. tipa rudzu miltu
plaucgjumos, var secinat, ka pec 10 min 1370. tipa miltu plaucgjuma ir vidgji
13,8 g 100 g ' reducgjoso cukuru un tas ir par 86,5% vairak neka 1740. tipa
miltu plaucgjuma. Sada tendence saglabajas arT péc 100 min.

Reducéjoso cukuru satura noteik§ana ar fotometrisko metodi
plaucéjumos ar amilaZu preparatiem

Plaucgjuma gatavosana ir gar$ un darbietilpigs process. Lai noskaidrotu, vai
cietes hidrolizi var paatrinat, veikti eksperimenti, plaucgjumam pievienojot
amilazes saturoSus fermentu preparatus. To daudzums ir 0,05, 0,1, 0,5 un 1%
no miltu masas. legiitos plaucgjumu paraugus novértéjot organoleptiski, par
pievienojamo fermenta preparata optimalo daudzumu atzits 0,1%. Pé&c
preparata pievienosanas 0,5 un 1% apmera notiek parak strauja cietes hidrolize
un plaucgjums iegist rigtu garSu. Tas liecina, ka preparata piedeva ir parak
liela. Savukart 0,05% fermentu preparatu piedevas ietekme uz cietes
sadali$anas procesu nav novérota.

Reducgjoso cukuru veidosanas dinamika plaucgumos, kas gatavoti no
1740. tipa miltiem un kam pievienoti fermentu preparati Termamyl 120L un
BAN 240L, ka arT kontroles parauga (kriSanas skaitlis 130 s), kuram amilazu
preparatus nepievieno, paraditi 12. attéla.

Talit péc applaucésanas reducgjoso cukuru saturs parauga ar Termamyl
120L ir 16,3 g 100 g, bet ar BAN 240L — 14,2 g 100 g™, un tas ir attiecigi par
7,9 un 10 g 100 g vairak neka kontroles paraugd, kuram fermentu preparati
netika pievienoti. Pec divu stundu izturéSanas kontroles parauga izveidojusies
13,7 g 100 g reducgjoo cukuru — tas ir par 83,9% mazak neka plaucgjuma ar
fermentu preparata Termamyl 120L piedevu un par 42,3% mazak neka parauga,
kam pievienots BAN 240L.
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12. att. Reducéjoso cukuru veido$anas dinamika plaucéjuma no 1740.
tipa miltiem ar amilaZu prepariatu piedevu
Fig. 12. Dynamics of formation of reducing sugars in the scalding from
flour of the type 1740, by adding amylase preparations

Kontroles cepiena iegiitajai maizei ir tumsi briina, gandriz melna garoza,
kepigs maizes mikstums ar tukSumu vidi. Varétu domat, ka pievienotie
fermenti plaucgjuma péc divam stundam beigusi darboties, ta¢u cepSanas
sakuma, kad miklas sagatavé temperatiira palielinas, to aktivitate atkal
atjaunojas. Miklai ar fermentu preparatu piedevu raudzesanas laiks ir par
desmit mintitém Tsaks neka kontroles paraugam, kura raudzesanas laiks ir 50
min. Petfjumi parada, ka fermentu preparati Termamyl 120L un BAN 240L
paatrina cietes hidrolizi lidz reducgjosajiem cukuriem, tacu netiek pilniba
inaktiveéti un cepSanas laika atsak darboties, tade] tiek ieglita maize ar
defektiem. Tas nozimé, ka fermentu preparati Termamyl 120L un BAN 240L
nav pieméroti rudzu maizes plaucg€juma gatavosSanai.

Reducéjoso cukuru satura noteik§ana plaucéjuma, izmantojot
pilnveidoto paraugu sagatavoSanas metodi

Reducgjoso cukuru saturu plauc€juma nosakot ar fotometrisko metodi, tika
atklati dazi trakumi.

e Amilolitiskie fermenti tulit péc parauga nonemsanas netiek pilniba
inaktivéti, tie saglaba aktivitati, hidrolizgjot cieti, arl péc analiz€jama parauga
panemsanas un tadéjadi ietekmé rezultatu precizitati.
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e Nevar iegiit pietickami dzidrus Skidumus, tadel ievérojami palielinas
filtreSanas laiks. Lai noteiktu Skiduma gaismas absorbciju, analizém
izmantojamajiem paraugiem jabut dzidriem.

So iemeslu dé] radas nepieciesamiba pilnveidot metodi reducgjoso cukuru
satura noteikSanai plaucgjuma, izmainot parauga sagatavoSanas veidu.
Analizgjot literatiras datus, redzams, ka Skiduma dzidrinaSanai un
olbaltumvielu izgulsnésanai galvenokart lieto svina salus — smagos metalus
(Matiseks, 1998). Lai pilnveidotu fotometrisko metodi reducgjoso cukuru
satura noteikSanai, fermentu inaktivacijai un olbaltumvielu izgulsnéSanai var
izmantot spirtu, jo tas ir nekaitigaks, salidzinot ar svina saliem vai
trihloretikskabi, ka arT draudzigaks apkart€jai videi, jo paraugi pec izlietoSanas
nonak atkritumos. Lai parauga inaktivétu amilolitiskos fermentus, iesvaru
sajauc ar tris reizes lielaku spirta daudzumu un karsg, lidz viss spirts iztvaikojis,
un talak rikojas, ka paredzgts standartmetode (Kopeman, 1989).
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13. att. Reduc€joSo cukuru veidoSanas dinamikas salidzinajums rudzu
miltu plaucéjumos
Fig. 13. Comparison of the dynamics of formation of reducing sugars in
the rye flour scalding
BM — fotometriska metode bez paraugu sagatavoSanas / photometric method without
sample preparation; PM — fotometriska metode ar paraugu sagatavosanu / photometric
method with sample preparation.
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Reducgjoso cukuru saturs, izmantojot fotometrisko metodi ar pilnveidoto
paraugu sagatavosanu, noteikts plaucgjumos, kas gatavoti no 1370. un
1740. tipa miltiem. Reducgjoso cukuru veidoSanas dinamikas rudzu miltu
plaucgjumos petijumi ar metodi, kurd pilnveidota parauga sagatavosana,
paradija, ka tiilit pec pagatavoSanas paraugos no 1370. un 1740. tipa miltiem
reducgjoso cukuru saturs ir mazaks par attiecigi 7,8% un 10,6% (13. attgls). Tas
liecina, ka pé€c parauga panemsSanas fermentu darbiba tiek bremzeta un tie
neturpina cietes SkelSanu. Reducgjoso cukuru veidos$anas dinamika plaucgjuma,
ja to nosaka ar abam metodém, ir lidziga — Iidz 60 min reducgjosie cukuri
veidojas atrak, bet turpmak to apjoms pieaug minimali un péc 100 min sasniedz
vidgji 16,8-17,842,7 g 100 g’ 1370. tipa miltu plaucgjuma un vidgji
11,9-12,5+2,7 g 100 g 1740. tipa miltu plaucgjuma.

Péc 100 min no 1370. un 1740. tipa miltiem pagatavotos plaucgjumos, ja
reducgjoso cukuru satura noteikSanai izmantota fotometriska metode ar
pilnveidoto paraugu sagatavoSanu, reducgjoSo cukuru ir par 8,5 un 11,6%
mazak neka tad, ja to saturs noteikts ar fotometrisko metodi bez paraugu
sagatavoSanas ar spirtu. P&tot reducgjoso cukuru veidoSanos 1370. tipa miltu
plaucgjumos, izmantojot metodi ar spirtu, nav vérojama tik liela fermentu
aktivitates ietekme, ka to nosakot ar fotometrisko metodi bez paraugu
sagatavoSanas. To varétu skaidrot tadejadi, ka miltos, kas satur maz graudu
argjo slanu (1370. tips), fermenti ir mazak akftivi, tomér, paraugu aplejot ar
spirtu, tiek panakta pilnigaka fermentu inaktivacija.

4. Matematiska modela izveide

Izmantojot eksperimentalos datus par reduc€joSo cukuru veidoSanas
dinamiku plaucgjumos no 1370. un 1740. tipa miltiem, izstradats empirisks
matematiskais modelis. Ta izstradei izmantots reducgjoso cukuru veidosanas
dinamikas apgabals plaucéSanas laika posma no 5 Iidz 100 minGtém, kura
notiek reducgjoso cukuru maksimala veidosanas. Aprékiniem izmantoti ar
fotometrisko metodi bez paraugu sagatavoSanas iegiitic dati, veidota likne, kas
parada reducgjoso cukuru satura (g 100 g'') izmainas plaucéanas laika (min).

Svarigakais process rudzu miltu plaucgjuma gatavosanas laika ir reducgjoso
cukuru veidoSanas amilolitisko fermentu darbibas rezultata. Izveidojusos
vienkarSos cukurus (maltozi un glikozi) plaucgjuma ieraudz€sanas laika
pienskabes bakterijam ir vieglak izmantot. Miltos, ko lieto plaucguma
gatavoSanai, ir noteikts daudzums o- un B-amilazu, kas sak darboties, ja
plaucgjuma tiek nodrosinata 65-70 °C temperatira. Tie ir optimali apstakli
cietes hidrolizei lidz reducgjosajiem cukuriem. To veidoSanas atrums ir atkarigs
no sakotngja cietes satura un reducgjosajiem cukuriem plaucgjuma. To nosaka
cietes saturs paraugos un amilolitisko fermentu aktivitate. Sos lielumus pirmaja
tuvingjuma uzskatisim par neatkarigiem no reducgjoSo cukuru satura. Tad
reducgjoso cukuru veido$anas atrumu var aprakstit ar 1. vienadojumu.
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de) _co+Ac, 1)
dt ), T
kur dc — reducgjoso cukuru veidoSanas atrums / rate of reducing sugar forming,
dt
¢y — reducgjoso cukuru saturs plaucgjuma tilit péc pagatavosanas / content of
reducing sugars in the scald immediately after preparation, g 100 g”';
Ac —reducgjoso cukuru satura diference / difference between reducing sugar content;
T — procesa laika konstante / factor of process time.

Reducgjoso cukuru veidoSanas atrumu rudzu miltu plaucgjuma nosaka ari
cietes saturs miltos un plaucgjuma. Cietes saturam, pal€ninas ari reducgjoso
cukuru veido$anas atrums, ko var aprakstit ar 2. vienadojumu.

5)-2

kur ¢; — eksperimentos noteiktais reducgjoso cukuru saturs plauc&uma /
experimentally determined reducing sugar content in the scald, g 100 g

Kopgjo reducgjoso cukuru veidoSanas atrumu plaucgjuma nosaka
vienadojumu 1. un 2. summa.

@:(@] +(£) _G A ¢ 3)
dt \dt), \dt), © © 7
3. vienadojumam nepiecieSams pienemt sakuma nosacijumus:

¢/ 0 =6 4)

Atrisinot 3. vienadojumu ar sakuma nosactjumu (4), iegist
atrisinajumu (5.), kas raksturo reducgjoso cukuru veidosanas dinamiku rudzu
miltu plaucgjuma.

¢ = cotAc(1-¢"), %)

kur c— reducgjoso cukuru saturs plaucgjuma / content of reducing sugars, g 100 g';
t — laiks / time, min.

Talak formulu (5) izmanto, lai eksperimenta datus aproksimétu ar mazako
kvadratu metodi.

t
S=Yle, +Acx (e ) —c, > (©6)
kur S —novirzu kvadratu summa / sum of square deviations.

6 formulas summu S var uzskafit par tiTs argumentu funkciju
S =1f ( 1; Ac; ¢y), kurai eksisté minimums. Problému var samazinat lidz
minimumam, izmantojot Microsoft Excel riku SOLVER. Izmantojot iegiitos
koeficientus T = 11,99, Ac = 8,01 un ¢, = 6,76, var aprekinat teorctiskas vertibas
reducgjoso cukuru veidosanas Itknei 1370. tipa miltu plaucgjuma.
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14. att. Reducgjoso cukuru teorétiskas veidosanas dinamika plaucéjumos no
1370. tipa miltiem
Fig. 14. Theoretical dynamics of reducing sugar forming in the scald made of
type 1370 flour

Zinot plaucgjuma gatavosanai izmantoto miltu kriSanas skaitli, pec modela,
izmantojot 7. formulu var izskaitlot reducgjoso cukuru saturu plaucgjuma
jebkura laika momenta (14. attels). )

¢, = —0,0066 - KS +13,135 + Ac-(1 - e’?)’ (7)

kur KS — kriSanas skaitlis / Falling Number, s,

co — reducgjoSo cukuru saturs plaucgjuma talit pec pagatavoSanas / content of
reducing sugars in the scald immediately after preparation, g 100 g™";

Ac —reducgjoso cukuru satura diference / difference between reducing sugar content,

T — procesa laika konstante / factor of process time.

5. Rudzu miltu kontrolcepieni

Lai ieviestu un standartiz&tu kadu kontrolcepiena veidu, valstT nepiecieSams
veikt eksperimentus vienadi aprikota laboratorija. Ta ka a/s ,Jelgavas
Dzirnavas” pieder vienas no Latvija lielakajam dzirnavam rudzu miltu
razoSanai, radas nepiecieSamiba izstradat kontrolcepienu metodi, kas raksturotu
iegiito rudzu miltu cepamipasibas. Tade] tika veikti eksperimenti, lai
noskaidrotu

e kontrolcepienam nepiecieSamo rudzu miltu optimalo daudzumu;
e katram miltu tipam pievienojama Gidens apjomu;
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e iespgjas kontrolcepienos ieraugu aizstat ar skidro skabuma regulétaju.

Pamatreceptira no 600 g rudzu miltu pagatavotai miklai ar raugu un
pienskabi (Spicher, 1993) pievienojama tidens optimalais daudzums ir 460 ml
(miklas iznakums — 180%). Eksperimenti parada: ja kontrolcepienu gatavo no
miltiem, kas iegiiti no Latvija audz&tiem rudziem, nepiecieSams pievienot
vairak tidens. 600 g 700. un 1370. tipa rudzu miltu pievienojot 460 ml Gdens,
iegiist miklu, kas ir labi veidojama, nelip pie rokam un katla, tad€| var secinat,
ka pievienota tidens daudzums ir optimals. Savukart 1740. tipa rudzu miltos ir
vairak graudu ar¢jo slanu, un tie spg&j piesaistit lielaku tidens daudzumu, tadel,
lai iegtitu miklu ar labam Tpasibam, nepiecieSams pievienot par 13—17% vairak
tidens, neka paredzEts rudzu miltu kontrolcepiena pamatreceptira. Tatad,
kontrolcepienam gatavojot rudzu miklu ar raugu un pienskabi no rupjakiem
miltiem biis nepiecieSams pievienot vairak Udens. Miklas gatavoSana un
veidoSana tiek veikta ar rokam p&c sh&mas, kas paradita 15.attela.

Milti / Flour Udens / Water Raugs / Yeast Sals / Salt
M=600g m=460-540 g m=7g m=10g
t=30-35°C

\ /

Miklas gatavosana / Dough making
t=28-30°C; t=10-15 min

Miklas veidosana / Dough dividing

Raudzgsana / Proofing
t= 3640 °C; == 60 min; 0=75-80%

v

Cepsana / Baking
t=220-230 °C; T = 60 min

15. att. Kontrolcepiena ar raugu gatavoSanas tehnologija
Fig. 15. Technological scheme of baking test with yeast

Kontrolcepienu metodes pilnveides gaita konstatéts: lai ieglitu maizi ar
labam mikstuma Tpasibam un varétu novertét ari tas garSu un aromatu, miklai
no 600 g 1740. tipa rudzu miltu nepiecieSams pievienot 48 ml kidra skabuma
regulétaja, 1370. tipa miltiem — 40 ml, bet 700. tipa miltiem — 24 ml. Nemot
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vera eksperimentos ieglitos rezultatus, izstradata kontrolcepiena metode rudzu
miltu cepamipasibu novertésanai.

Kontrolcepieni ar Skidro skabuma regulétaju gatavoti no 700. tipa miltiem
ar kriSanas skaitli 152 un 182 s, kuros amilazes ir aktivas, un no miltiem ar
kri$anas skaitli 220 s, kuros fermentu aktivitate ir mazaka.

Rezultati kontrolcepienam no 700. tipa miltiem ar Skidro skabuma
regulétaju redzami 16. attela.

16. att. Kontrolcepiena ar skidro skabuma regulétaju no 700. tipa
miltiem rezultati
Fig. 16. The results of baking tests with the liquid acidity regulator
from flour of the type 700
Krisanas skaitlis/ Falling Number: A — 152 s; B—182s; C—220s.

Paraugiem, kas cepti no miltiem, kuros fermentu aktivitate nav liela
(152-182 s), paradija vislabakas mikstuma Tpasibas. Kontrolcepienos ar skidro
skabuma regulétagju no 1370. tipa rudzu miltiem ar kriSanas skaitli no
140-160 s iegliti maizes paraugi ar plaisu starp garozu un mikstumu, kas ir
mazliet kepigs, un tas liecina par rudzu miltu labam cepamipasibam. Ja 1370.
tipa rudzu miltu kriSanas skaitlis ir mazaks par 130 s, kontrolcepiena ar skidro
skabuma regulétaju iegiist maizi ar blivu, kepigu mikstumu, starp to un garozu
ir tukSums, un tas liecina par miltu sliktam cepamipasibam. Vislabakas
cepamipasibas 1740. tipa miltiem piemit ar viszemako kriSanas skaitli, savukart
miltos ar kriSanas skaitli 173 s fermenti ir mazak aktivi, un miltu cepamipasibas
ir tikai apmierinosas.

Izstradatais  Kontrolcepiena novértejuma protokols, kura redzamas
tehnologisko parametru optimalas robezas, miltu kvalitates raditaji un maizes
novertéSanas kritériji, palidz kontrolét un salidzinat rezultatus. Protokols
atvieglo cepiena parametru ievérosanu, faktisko raditaju fikséSanu un maizes
kvalitates vertesanu.
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SECINAJUMI

1.P&c rudzu miltu cepamipasibas raksturojoSo raditaju — kriSanas
skaitla, cietes Kklisterizacijas maksimuma un cietes Kklisterizacijas
maksimalas temperatiiras — analizes konstatéts, ka no Latvija visvairak
audzetajam rudzu $kirném maizes cepSanai piemérotakas ir ‘Amilo’ un
‘Kaupo’.

2. Neaizvietojamo aminoskabju saturs visu rudzu S$kirpu graudu
olbaltumvielas ir Iidzigs, savukart visvairak deficito neaizvietojamo
aminoskabju metionina un lizina satur ‘Voshod’, tadel ta ir biologiski
visvertigaka.

3. Cetros gados Latvija iegiito rudzu miltu pasibu analize parada, ka
pastav vidgji cieSa korelacija starp cietes klisterizacijas maksimumu un
miltu kriSanas skaitli, un pastav tendence — jo mazaks kriSanas skaitlis, jo
zemaks cietes klisterizacijas maksimums.

4. Eksperimentali pieradits, ka pec 90—100 miniitém reducgjoso cukuru
saturs plaucgjuma gandriz sasniedz maksimumu un dazadu rudzu Skirpu
plaucgjumos izveidojas 19,8-20,9 g 100 g’ reducgjoso cukuru.

5. Pétijumos izmantotie fermentu preparati Termamyl 120L un BAN
240L ieveérojami paatrina cietes hidrolizi un palielina reducgjoso cukuru
saturu plaucgjuma. Tadu plauc€jumu izmantoSana rudzu maizes cepSana
pagaidam nav perspektiva, jo iegiita produkta kvalitate ir neapmierinosa.

6. Izstradata uzlabota paraugu sagatavoSanas metode reducg€joso
cukuru noteikSanai plaucgjuma, pec analiz€jama parauga panemsanas
paredzot amilazu inaktivaciju ar spirtu. P& metodes ar papildinato
paraugu sagatavosanu ieglist par 6—10% mazaku reducgjoso cukuru saturu
plaucgjuma, kas pierada hipotézi, ka analiz€jamos paraugos nepiecie$ams
inaktivet amilazes.

7. Izveidotais matematiskais modelis dod iesp&ju prognozét reducgjoso
cukuru daudzumu plaucgjuma, nemot véra izmantoto rudzu miltu kriSanas
skaitla vertibu un plaucgjuma gatavosanas laiku.

8. Pilnveidota metode rudzu miltu kontrolcepienam ar skidro skabuma
regulétaju nodrosina rudzu miltu cepamipasibu objektivu vert€jumu un ir
praktiski izmantojama gan dzirnavas, gan ceptuves Latvija.
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ACTUALITY AND NOVELTY OF THE RESEARCH

Bread is still one of the main daily consumed food products; however, it has
a long history. In Latvia, there are ancient traditions for rye bread baking. Rye
bread baked in Latvia obtains its peculiar and various flavour characteristics,
thanks to special dough making methods by scalding and leavening.

Rye flour has specific baking properties, acid level must be sufficient in
dough made from it, and the dough preparation time is considerably longer than
that of the wheat. In order to obtain rye bread of good quality, the quality of
grains and flour is very important. Formation of rye flour baking properties
takes place under influence of different factors, which determine the quality of
bread to a great extent. In order to obtain a quality scald, leaven and bread,
choice of the rye variety, weather during the crop ripening and yielding,
grinding technology and flour storage conditions are important.

For characterization and evaluation of rye flour baking properties, the
falling number and amylogram have been approved to be the most appropriate
indices showing starch properties and activity of amylolytic starch hydrolysing
ferments in grains and flour (Drews, 1975; Ddrfer, 1990, 2001;
Spicher et al., 1993; Hansensen et al., 2001). Data on baking properties
evaluated by starch condition and amylases activity, relating to different rye
flour produced in Latvia, are not available in literature. Baking test samples
provide the most accurate view on the rye flour baking properties. It is a
considerably more time-consuming method than determination of falling
number and amylogram, yet it provides relatively precise results (Briimmer,
1998).

In Latvia, research has been performed on the influence of water
temperature used for scald making on the quality of it, as well as relating the
amount and conditions of malt adding. After that the quality of scald was
evaluated organoleptically (Kunkulberga, 1997, 1998, 2001). This is the way
the quality of scald is evaluated also in bakeries. Taking into consideration that
the evaluation is affected by the length of service, health, mood of the worker
and other factors, connected with a person as individuality, objective criteria for
scalding quality evaluation are necessary.

However, the rye bread baking process and the most appropriate baking
regimes have been investigated (Zigurs, 1971; Aboling, 1985, 1971), there are
still many undisclosed issues relating rye bread quality.

The aim of the work: to determine and evaluate quality indices of rye flour
produced in Latvia as well as its suitability for baking of quality rye bread.
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In order to achieve the aim of work, the tasks were set up as follows:

1)to analyze and compare the chemical composition of the most demanded
rye varieties and baking properties of rye flour obtained from it;

2)to study quality indices of rye flour offered to the bakeries of Latvia, as
well as their interrelation;

3)to study dynamics of formation of reducing sugars in the rye flour scalds;

4)to evaluate possibilities of use of amylase preparations in the course of rye
flour scald making and their influence on bread quality;

5)to create a mathematical model that characterizes the dynamics of
formation of reducing sugars in the rye flour scald,

6)to improve the rye flour baking test method and to adapt it to Latvia’s
conditions.

Novelties of the research and the scientific importance

1. A method of determination of reducing sugars in a rye flour scald has been
worked out.

2. Dynamics of formation of reducing sugars in the rye flour scalds have been
investigated for the first time.

3. A method of rye flour baking test, which could be used for the rye flour
baking quality determination in Latvia, has been improved.

4.Rye flour baking properties have been evaluated from 2000 until 2004,
using the physiochemical methods and baking test.

5. An empiric mathematical model has been worked out, by means of which
the dynamics of formation of reducing sugars in a scald can be calculated.

The economic significance of the work

1. Quality indices and baking properties of the rye varieties ‘Puhovcanka’,
‘“Vambo’, ‘Amilo’, ‘Hacada’, ‘Kaupo’, ‘Duonia’ and ‘Voshod’ have been
investigated.

2.The improved rye flour baking test method is used now in the laboratory of
Jelgavas Dzirnavas (JSC) and in several bakeries in Latvia, in order to
evaluate rye flour baking properties.

THE SCIENTIFIC WORK APPROBATION

The results have been reported in scientific and research conferences of
LLU (Latvia University of Agriculture), in international conferences in
Lithuania, the Czech Republic, Germany and Spain, as well as in seminars,
organized by the grain processing enterprises of Latvia.

The work results have been reflected in 11 scientific publications in
Latvian, English and German, and 7 of them - in issues approved by the Latvia
Scientific Council (the list of publications and attended conferences see on
pages 5-7).
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In relation with the problem under research, several students’ research
works for acquiring a bachelor’s degree have been worked out under the
guidance of the author.

MATERIALS AND METHODS

The research has been performed from 1999 until 2005 in the places as
follows:

e Agronomic analysis scientific laboratory of Latvia University of
Agriculture (determination of the content of starch and protein);

e Laboratories of the Faculty of Food Technology, Latvia University of
Agriculture (determination of reducing sugars, baking of bread with scald,
determination of the form of rye flour starch grain by use of microscope);

e Laboratories of Jelgavas Dzirnavas (JSC) and Rigas Dzirnavnieks (JSC)
(flour humidity, falling number, starch gelatinization maximum in
amylograph units);

e Laboratory of Jelgavas Dzirnavas (JSC) (rye flour baking tests);

o Laboratories of Biology Institute of the University of Latvia (determination
of the composition and contents of amino acids).

Flour humidity was determined by the LV ST ZM 71-96 standard method
in the drying chamber CELI] 1.

Falling number was determined by the LV ST ZM 77 — 96 and ISO
3093 - 1982 (E) standard method by means of equipment Falling Number 1500.

Starch gelatinization maximum and starch gelatinization maximum
temperature were determined by the ISO 7973:1993 standard method by
means of equipment Amylograph E.

Content of proteins was determined by using Kjeldal method (method
AACC 46-20), which is based on determination of the content of nitrogen in
food products.

Content of amino acids was determined by the ISO 5508: 1990 standard
method by means of the gas chromatograph Mikrotechna AAA 339.

Starch content was determined by the ISO 6493 standard method, it is
based on starch hydrolysis that facilitates starch decomposition.

The form of the starch grain was viewed by the binocular microscope
MOTIC Bl — 2234 (magnification 1500 times).

The rye flour scald was made from flour of the types 1370 and 1740, by
adding water according to the traditional rye bread making technology as
shown in figure 1.

300 g rye flour of the types 1740 and 1370 were poured with water of
800—900 ml and 90-96 °C. Such a flour and water proportion was used also in
the scalds from flour of rye varieties ‘Puhovcanka’, ‘Amilo’, ‘Hacada’,
‘Kaupo’ and ‘Voshod’. In order to determine amount of reducing sugars in the
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scald within 100—120 minutes after the preparation of it, samples for analyses
were taken with intervals of 5—10 minutes.

Content of reducing sugars in the scalds was determined by the
photometric-colorimetric method, by using equipment K@K-2-VXJI 4.2. The
method is based on the fact that reducing sugars react with potassium
ferrocyanide (K;[Fe(CN)g]) in alkaline environment. The more reducing sugars
in the product under analysis, the lesser is light absorption of the fluid under
research. Light absorption for a fluid of yellow colour is measured at the wave
length 440 nm, using distilled water as a control sample. The glucose standard
curve is made with coordinates - the glucose content (mg 100 g) and the light
absorption (Kopeman, 1989). According to glucose standard curve, the content
of reducing sugars in the sample under analysis is found and, using the formula
no 1, the amount of glucose in the content of reducing sugars is calculated
in mg 100 ml™.

The basic recipe of rye flour baking tests prescribes to use 1000 g rye
flour, 600 g water, 17 g yeast and 10 g salt. The prepared dough is raised for
60 minutes at temperature 36-38 °C. Then it is baked for 60 minutes at
temperature 220-230 °C. The baked bread is evaluated after 24 hours. For
experiments, the oven P3-XJIIT of the laboratory Jelgavas Dzirnavas (JSC) was
used, which is intended for experimental bread baking from wheat and rye
flour.

Data processing was performed by using mathematical statistics standard
methods, and the mean values, the standard deviation, the one-factor and two-
factor dispersion analysis were calculated for the obtained data, as well as the
regression analysis, applying the Microsoft Excel for Windows 7.0 and SPSS
software package, was used.

RESEARCH RESULTS AND DISCUSSION

1. Grain quality of rye varieties of Latvia

The research has been performed from 2001 until 2004 on grain quality
indices of rye varieties ‘Puhovcanka’, ‘Vambo’, ‘Amilo’, ‘Hacada’, ‘Kaupo’,
‘Duonia’ un ‘Voshod’: humidity, falling number, starch gelatinization
maximum, starch gelatinization maximum temperature and suitability for
processing into flour. Research on quality indices of rye varieties ‘Hacada’,
‘Kaupo’, ‘Duonia’ and ‘Voshod’ were performed in 2003 and 2004, because
grains of these rye varieties were not popular in Latvia in the previous years,
and no flour was made from them.

Humidity of the grain samples under research was from 12.6 up to 13.5 % -
it is optimal for grain storage and for processing them into flour. The average
quality indices of rye varieties used in research — the falling number and starch
gelatinization maximum are shown in figures 2 and 3.
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Falling number of grains of the rye variety ‘Amilo’, taken from four year
yields, is above 300 s, but of grains of the variety “Vambo’ — 190-205 s, which
is an evidence that the starch hydrolysing enzymes in the grains of this flour are
inactive (Figure 2.). Falling number of grains of the rye variety ‘Puhovcanka’ is
different for yields of different years. The falling number of grains from the
yield of 2004 is 151 s, thus the enzyme activity is sufficient in order to obtain
good quality flour and rye bread. But the falling number of grain from the
yields of 2002 and 2003 is high (236 and 238 s). Also the falling number of
grains of the rye variety ‘Hacada’ is high for several years. Falling number of
grains obtained from the rye variety ‘Duonia’ was near to 100 seconds both in
2003 and in 2004: 86 s and 105 s accordingly, and it indicates satisfactory flour
baking properties. Falling number of grains of the rye varieties ‘Kaupo’ and
‘Voshod’ range from 170 up to 190 s, this is optimal in order to obtain flour
with good baking properties.

When analysing data on characteristics of flour, obtained from grain of
different rye varieties in different years (Figure 3), it is found that the starch
gelatinization maximum in grains obtained from the variety ‘Puhovcanka’ in
2001 and 2004, is 220 AU, which is an evidence of bad flour baking properties.
Rye bread made from such flour will have an adhesive and moist soft part,
because the most of starch is hydrolysed under the influence of enzymes. But
the starch gelatinization maximum in grains of ‘Puhovcanka’, yielded in 2002
and 2003, on the contrary — were 300 and 340 AU accordingly, thus
characterizing the rye flour baking properties as satisfactory. Also the starch
gelatinization maximum of all samples of ‘Duonia’ and ‘Vambo’, except of
one, was less than 250 AU, which means bad baking properties of this rye
flour. Good baking properties with starch gelatinization maximum of 350-650
AU have the grains ‘Hacada’ and ‘Amilo’. Starch gelatinization maximum of
other rye varieties under research hesitates from 260 up to 340 AU, which
characterizes satisfactory flour baking properties. Such flour is advisable to use
for leaven of rye bread.

Investigating connectedness between falling number and starch
gelatinization maximum of different rye varieties, it follows out that there
exists a close correlation between these quality indices (Figure 4). The close
link is confirmed by the correlation coefficient r, which is 0.91. It means — the
less falling number of rye grains, the lower starch gelatinization maximum.

The starch gelatinization maximum temperature for the flour samples of all
rye varieties ranges from 65.3 up to 69.2 °C, which corresponds to the optimal
temperature — 63-68 °C, indicated in literature (Weipert, 1998). Therefore,
flour from grains of these rye varieties could be used for making of both the
scald and rye dough.

The main components of rye flour are carbohydrates and proteins, so the
following items were determined in rye varieties used in experiments:
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e content of proteins, also the qualitative composition and the
quantitative content of amino acids;

e starch content;

e the form and diameter of starch grains.

Evaluating content of proteins in grains of different rye varieties it follows
out that the grains ‘Amilo’ (9.37+£0.09%) and ‘Kaupo’ (9.38+0.08%) are the
richest in proteins, but the grains ‘Hacada’ contain the least amount of proteins
(7.94+£0.05%). The grains of varieties ‘Puhovcanka’ and ‘Voshod’ contain
proteins 8.824+0.01 and 8.92+0.02% accordingly. So, if judge by the total
amount of proteins, the rye varieties ‘Amilo’ and ‘Kaupo’ could be considered
the most valuable.

The results of analysis of content of essential amino acids in rye grains
show that the amount of lysine is similar in the samples of all varieties, and this
amount ranges from 0.20 g 100 g in the grains ‘Amilo’ up to 0.22 g 100 g in
the grains ‘Kaupo’ and ‘Voshod’ (Figure 5). Another most important essential
amino acid — methionine is in the grains ‘Voshod’ most of all. The rye variety
‘Voshod’ could be regarded as the most valuable in relation with amount of
essential amino acids, because these grains contain a little more phenylalanine
and threonine as other samples. The grains ‘Kaupo’ contain more leucine than
other samples, but little valine. In the work, no content of the essential amino
acid tryptophan has been determined, since it is impossible by using the gas
chromotography method.

Comparing the qualitative composition and the quantitative content of
amino acids in the grains of rye varieties, the conclusion is that the varieties
‘Voshod’, ‘Puhovcanka’ and ‘Kaupo’ are more valuable, they contain for
4.9-16.8% more nonessential amino acids and for 1.2-7.7% more essential
amino acids than the grains of varieties ‘Hacada’ and ‘Amilo’ (Figure 6). The
nutritive value of bread can be indirectly increased by using these varieties in
baking of rye bread.

Starch content in the grains of rye varieties under research is from 55.04 up
to 59.91%. The richest in starch are the grains of ‘Kaupo’— 59.91%, but the
least amount of starch is in the grains of ‘Amilo’ — 55.04%.

When viewing in microscope starch grains of the five rye varieties under
research, the conclusion could be that the size of starch grains of rye varieties
grown in Latvia corresponds to the average indices mentioned in literature —
1240 pum (Belitz 1989). The average diameter of starch grains in flour of the
varieties ‘“Voshod’, ‘Amilo’ and ‘Hacada’ is 34-35 um, and numerically their
amount is little. The average diameter of the starch grains of ‘Kaupo’ is 1
8.25 um, and numerically they are more in comparison to amount of starch
grains in other varieties. The average diameter of starch grains in flour of the
variety ‘Puhovcanka’ is 25.23 pum, and they are much in the sample, however a
part of the starch grains are already hydrolysed, which means that the
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amylolytic enzymes are active and the starch grains are under their impact.
Also the low falling number of this rye variety is an evidence of a high enzyme
activity.

For the rye flour scalding, it is advisable to use such varieties, which
diameter of the starch grains is greater and in which no amylase activity has
started. The greater the starch grain, the quicker it can absorb water, so easier
available for enzymes. It is a significant factor in the preparation process of a
rye flour scald.

2. Evaluation of rye quality indices

As no research has been performed on changes of the rye flour quality
indices used in bakeries in different years of growing, the flour used in research
has been taken from the mill. In flour, the following quality indices have been
determined - falling number, starch gelatinization maximum, starch
gelatinization maximum temperature, which characterize the activity of
amylolytic enzymes and the quality of starch grains. During the period from
2000 until 2004, 393 rye flour samples of the types 1740, 1370 and 700 all in
all have been analysed.

In order to obtain a good quality rye bread, the flour and bread producers
consider the following falling number values as optimal:

. from 130 up to 145 s — in rye flour of the type 1740;
. from 145 up to 165 s - in rye flour of the type 1370;
. from 165 up to 185 s - in rye flour of the type 700.

Allocation of the number of samples under research with equal falling
numbers, starch gelatinization maximum and their mutual correlation for
different types of flour is shown in figures 7, 8 and 9.

It has been established by research that falling number is less than 120 s in
4.8 % of flour samples. Enzymes are active in such flour, and they could be
used mainly for preparation of a scald, for formation of sufficient amount of
sugars, necessary in fermentation process. When preparing dough, it is
advisable to increase the amount of sour leaven to be added, because it will
impede enzyme activity during fermentation and baking. An increased enzyme
activity in flour, the falling number of which is up to 120 s, has been observed
mainly in flour of the type 1740.

In 8.2% of rye flour samples of the type 700, a high falling number (above
190 s) was stated, which could be explained by the fact that flour has been
obtained from grain endosperm that contains more starch and proteins but less
enzymes. The biggest amplitude of the falling number values has been stated
for flour of the type 1370, which could be explained by the fact that flour
contains both the grain endosperm and the outer layers with more enzymes.

37



In order to obtain a quality rye bread, starch gelatinization maximum should
be from 350 up to 650 AU, and starch gelatinization maximum temperature -
from 63 up to 68 °C (Seibel, 1988).

Evaluating the results shown in Figure 8, the conclusion is that in 17.7% of
flour of the type 1740, 13.3% of the type 700 and 19.5% of the type 1370,
starch gelatinization maximum is less than 250 AU. It is an evidence of bad
flour baking properties. In order to improve flour baking properties, it is
necessary to mix them with good quality flour and to add more leaven during
bread preparation. It would reduce enzyme activity and improve dough
properties. Starch gelatinization maximum is low mainly in those flour
samples, the falling number of which is low.

But in 40% of flour of the type 1740 and 44.6% of the type 700, starch
gelatinization maximum (AU) is 350-650, and it is an evidence of good flour
baking properties. Using such flour in production, rye bread without defects is
obtained. Research shows that quality differences exist among different types
of flour as well as within the boundaries of flour of one type.

As observed in experiments, rye flour starch gelatinization maximum
temperature hesitates from 65.2 up to 68.5 °C. It is stated in literature that the
rye flour starch gelatinization maximum temperature should be from 63 up to
68 °C (Seibel, 1989). The conclusion is that starch gelatinization maximum
temperature is optimal in rye flour samples used in research, in order to bake
quality bread. Irrespectively of the year of flour production, the highest starch
gelatinization maximum is in flour of the type 1740, because it contains more
outer parts of grains, which impedes starch proofing.

Research in Russia and Germany show that there is a correlation between
the main quality indices of flour: the falling number and the starch
gelatinization maximum. The German scientist Brummer (Briimmer) has
established that there is a correlation between the maximum viscosity and the
falling number, for example, the correlation coefficient r is: r = 0.78 for rye
flour of the types 997 and 1150 (Briimmer, 2002). However, research on rye
flour of Latvia production performed from 2000 until 2004 show that there
exists a medium close correlation between the starch gelatinization maximum
and the flour falling number (Figure 9), and the correlation coefficient is:
0,5< |r| <0,8 (Arhipova efc., 2000), and it varies in flour of different types:

. flour of the type 1740: r=0.57,
. flour of the type 1370: r =0.74;
. flour of the type 700: r = 0.66.

Correlation shows a tendency — the less falling number, the lower starch
gelatinization maximum. Wholemeal contains all parts of grains; it is directly
connected with grain quality that can be influenced by weather. It is why the
interrelation of the quality indices is not pronounced. Flour of the type 700
contains more inner layers of grains, and this could make a closer relation
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between the falling number and the starch gelatinization maximum. Differences
in research results performed by scientists of other countries could be explained
by the fact that there is a different amount of ash matters in crop grown in
Latvia, as well as that the flour obtained from other rye varieties has been
researched.

Analysis of literature shows that no physiochemical methods have been
worked out for evaluation of the scald quality. Neither chromatographic nor the
sugar-summary determination methods are not possible to use for this purpose,
because the amount of monosaccharides — maltose and glucose — is
comparatively little in rye flour (1.5-2.1%). The scald is a thick, viscous fluid
of a dark colour, so the polarimetrical methods for determination of sugars are
impossible to use. The most significant processes in the scald are connected
with starch hydrolysis under the influence of activity of amylolytic enzymes
and with starch gelatinization. Under the influence of starch hydrolysis, the
formation of low-molecular dextrines and reducing sugars: maltose and
glucose, takes place. After evaluation of all conditions, the conclusion was
made to use the photometric method for determination of reducing sugars in the
scald.

3. Determination of reducing sugars by the photometric method

Content of reducing sugars in the scalds, prepared from rye flour with five
different falling number values, was determined by the photometric method.
Research on dynamics of formation of reducing sugars has been performed for
rye flour of the types 1740 and 1370, the falling number values of which are
respectively 70—145 s and 154-250 s.

Dynamics of formation of reducing sugars in the scald prepared from flour
of the type 1740 with different falling number values is shown in figure 10. Just
after the scalding of samples, the content of reducing sugars in the scald is
5.9-6.3 g 100 g'. The least amount of reducing sugars — 5.9 g 100 g — is
forming in scalds made from flour with the falling number 121 and 145 s, but
the greatest amount — in the scald made from flour with the falling number 70 s.
It means, the amylolytic enzymes become active as soon as flour is scalded by
hot water, and a quick starch gelatinization and hydrolysis takes place. In all
scalds, irrespectively of the falling number of flour, used in scald preparation,
the dynamics of formation of reducing sugars is similar within first 20 min. A
tendency observed in all scalds is that the increase of amount of reducing
sugars is low — 2.1-2.3% within the last 20 minutes (from the 100" until the
120™ minute).

In the scalds made from flour of the type 1370 with a low enzyme activity
(falling number values — 180 and 250 s), the content of reducing sugars is
8.1£1.9 and 8.3£1.9 g 100 g just after the scald preparing, it is for 11% less
than in scalds, for preparation of which flour with falling number values 154
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and 165 s (Figure 11) is used. The formation of reducing sugars is fast within
the first 10 minutes, in scalds made from rye flour of the type 1370 with falling
number 250 s, the content of it reaches up to 13.2+1.9 g 100 g, but in scalds
made from flour with falling number 165, the content is 14.3+1.9 g 100 g™
Within the next 10 min, the amount of reducing sugars increases only for
approximately 0.4 g 100 g”', but a quicker formation of reducing sugars takes
place later — their amount reaches up to 18.1-19.2 g 100 g™ after 100 min.

Evaluating influence of the falling number value of flour used in scald
preparation on amount of reducing sugars just after scalding and after 100 min,
the conclusion could be as follows: the less falling number of flour, the more
reducing sugars will be in the scald both in the first 10 min and after 100 min. It
is testified by the correlation coefficients: r = 0.77 in the scalds made from flour
of the type 1740 and r = 0.93 of the type 1370.

Comparing the content of reducing sugars in scalds made from rye flour of
the types 1740 and 1370, the conclusion is that the amount of reducing sugars
in scalds from flour of the type 1370 in average is 13.8 g 100 g ' after10 min,
and it is for 86.5% more than in the scald made from flour of the type 1740.
This tendency maintains also after 100 min.

Determination of reducing sugars by the photometric method in scalds
with preparations of amylases

Preparation of a scald is a long and labour-consuming process. In order to
find out whether it is possible to accelerate starch hydrolysis, experiments were
made, adding to the scald enzyme preparations containing amylases. Amount of
preparations of amylases added to the scald is 0.05, 0.1, 0.5 and 1% from the
flour mass. The obtained scald samples were evaluated organoleptically, and
the optimal amount of the enzyme preparation to be added was considered
0.1%. After adding the preparation in the amounts of 0,5 and 1%, a too quick
starch hydrolysis took place, and the scald obtained a bitter taste. It means, the
preparation was added too much. When adding preparation in the amount of
0.05%, in its turn, no influence was observed on starch decomposition process.

Dynamics of formation of reducing sugars in the scalds, made from flour of
the type 1740, to which enzyme preparations Termamyl 120L and BAN 240L
were added, as well as the control sample (falling number 130 s), to which
preparations of amylases was not added, are shown in figure 12.

The amount of reducing sugars in the sample with Termamyl 120L is
163 g 100 g just after the scalding, but with BAN 240L this amount is
14.2 g 100 g, and it is respectively for 7.9 and 10 g 100 g" more than in the
control sample, to which the enzyme preparations were not added. After two
hours, the reducing sugars had reached the amount of 13.7 g 100 g in the
control sample — it is for 83.9% more than in the scald with enzyme preparation
Termamyl 120L and for 42.3% less than in the sample with added BAN 240L.
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Bread baked from the control sample had a dark brown, almost black crust,
the soft part of bread was sticky, with empty space in the middle. Probably, the
added enzymes became inactive in the scald after two hours, and started again
their activity in the beginning of the baking process, when temperature rose in
dough. Fermentation time for samples with added enzyme preparations is lesser
for ten minutes than for the control sample, for which it is 50 min. Research
show, that enzyme preparations Termamyl 120L and BAN 240L accelerate
starch hydrolysis up to reducing sugars, but they are not inactivated completely,
and restart their activity during baking process, and as a result, bread with
defects is baked. It means, the enzyme preparations Termamyl 120L and BAN
240L are not suitable for making of the rye bread scald.

Determination of contents of reducing sugars in the scald by using
method of the improved samples preparation

Several shortcomings were detected when determining the content of
reducing sugars in the scald by the photometric method.

e Amylolytic enzymes are not inactivated completely just after the sample
taking, they remain active hydrolysing starch also after the taking of the sample
to be analysed, thus influencing precision of results.

e It is not possible to obtain fluids clear enough, so the filtration time
considerably prolongs. In order to determine the fluid light absorption, the
samples used for analyses must be clear.

Due to these reasons, a necessity occurred to improve the method of
determination of contents of reducing sugars in the scald, changing the way of
sample preparation. When analysing data in literature, it was found that mainly
plumbum salts — heavy metals — are used for clarification and protein
precipitation in a solution (Matiseks, 1998). In order to improve the
photometric method for determination of content of reducing sugars, spirit can
be used for enzyme inactivation and protein precipitation, because it is less
harmful in comparison to plumbum salts and trichloroacetic acid, as well as
friendlier to environment, because the samples are discarded after the use. In
order to inactivate amylolytic enzymes in the sample, one portion of weight
components are mixed with a three portions of spirit and heated until
evaporation of all spirit, then followed the standard method (Kopeman, 1989).

The amount of reducing sugars was determined by photometric method with
the improved samples preparation, in the scalds made from flour of the types
1370 and 1740. Research on dynamics of reducing sugars in the rye flour scalds
by use of the method where sample preparation has been improved, showed
that the amount of reducing sugars in the samples made from flour of the types
1370 and 1740 was less for 7.8% and 10.6% accordingly just after the
preparation (Figure 13). It testifies that enzyme activity is impeded after taking
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of the sample, and starch gelatinization does not proceed. Dynamics of
formation of reducing sugars in the scald, when determined by both methods, is
similar — formation of reducing sugars is quicker up to the 60th min, with a
minimal increase later, and it reaches approximately 16.8-17.8£2.7 g 100 g
after 100 min in the scald made from flour of the type 1370 and approximately
11.9-12.5+2.7 g 100 g in the scald from flour of the type 1740.

After 100 min in the scalds, in which the amount of reducing sugars is
determined by use of photometric method with the improved samples
preparation, the amount of reducing sugars is for 8.5% and for 11.6% less in the
scalds made from flour of the type 1370 and 1740 than in the scalds, where it
was determined by use of photometric method without preparation of the
samples by means of ethanol. When investigating formation of reducing sugars
in the scalds made from flour of the type 1370 and using method with ethanol,
not so great influence of enzyme activity is observed as in the case, using the
photometric method without sample preparation. It could be explained by the
fact that enzymes are less active in flour containing a little amount of outer
layers of grains (type 1370), however, a more complete enzyme inactivation is
achieved, pouring the sample with ethanol.

4. Development of the mathematical model

An empiric mathematical model has been worked out, using data of
experiments on dynamics of formation of reducing sugars in the scalds from
flour of the types 1370 and 1740. For elaboration of it, the area of dynamics of
formation of reducing sugars from the 5™ until the 100™ minute, when is the
peak of formation of reducing sugars, was used. A curve showing changes in
content (g 100 g™) of reducing sugars during scalding (min) was made, taking
as a basis the data obtained in use of photometric method without sample
preparations.

The most important process during the rye flour scald preparation is
formation of reducing sugars under the influence of activity of amylolytic
enzymes. The formed simple sugars (maltose and glucose) are easier to use by
lactic bacteria during the scald fermentation. In flour, used for scald
preparation, there is a definite amount of a- and B-amylases, which start their
activity when the scald temperature reaches 65—70 °C. These are optimal
conditions for starch hydrolysis up to reducing sugars. The rate of their
formation depends on the initial starch content and reducing sugars in the scald.
It is determined also by starch content in the samples and activity of amylolytic
enzymes. In the first approximation, these values have been regarded as not
dependent on the content of reducing sugars. Then the rate of formation of
reducing sugars can be reflected by the equation 1.

Rate of formation of reducing sugars in a rye flour scald is determined also
by the content of starch in flour and in scald. The total rate of formation of
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reducing sugars decelerates when the starch content decreases, which can be
reflected by the equation 2.

The total rate of formation of reducing sugars in the scald is determined by
the sum of equations 1 and 2.

For the equation 3, it is necessary to assume the starting conditions:

By solving the equation 3 with the initial condition (4), the solution is
obtained (5), which characterizes the dynamics of reducing sugars in the rye
flour scald.

Further the formula (5) is used in order to approximate the data of
experiments by the least-squares method.

The sum S of the formula 6 can be regarded a three arguments function
S = f (t; Ac; ¢), for which a minimum exists. The problem can be diminished
up to minimum by using the Microsoft Excel tool SOLVER. By using the
obtained coefficients t=11,99, Ac = 8,01 and ¢, = 6,76, it is possible to
calculate the theoretical values for the curve of formation of reducing sugars in
the scald made from flour of the type 1370. Applying the model and using the
formula 7, it is possible to calculate the content of reducing sugars in a scald at
any time (Figure 14), if the falling number of flour used in scald preparation is
known.

5. Rye flour baking tests

In order to introduce and standardize some kind of a baking test, it is
necessary to perform experiments in the state in a laboratory that is equally
equipped. As Jelgavas Dzirnavas (JSC) owes one of the biggest mills in Latvia
for rye flour production, the necessity occurred to work out a baking test
method, which would characterize the baking properties of the obtained flour.
Thus the experiments were made in order to determine:

o the optimal amount of the necessary flour for the baking test;

o the amount of water to be added to each type of flour for the baking test;

e whether it is possible to substitute leaven in baking tests with a liquid acid
regulator.

In the baking test basic recipe for preparation of rye dough with yeast and
lactic acid (Spicher, 1993), the amount of water to be added is 460 ml to flour
600 g (dough outcome — 180%). Experiments show that it is necessary to
increase the amount of water, when preparing the baking test from flour, which
is obtained from rye grown in Latvia. Adding 460 ml water to 600 g rye flour
of the type 700 and 1370, dough easy to form and no sticking to hands and pot
was obtained, so the conclusion follows that the volume of added water is
optimal. There are more outer layers of grain in rye flour of the type 1740,
which are able to absorb greater amount of water, therefore it is necessary to
add for 13—17% more water than it is prescribed in the main recipe of the rye
flour baking test, in order to obtain dough with good properties. So, it is
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necessary to add more water when making dough for a rye flour baking test
with yeast and lactic acid from rougher flour. Dough preparation and formation
was performed by hand according to the scheme shown in Figure 15.

While improving the baking test method, the following was found out: in
order to obtain bread with good properties of the soft part and to evaluate its
flavour and aroma, it is necessary to add 48 ml of a liquid acid regulator to
600 g of dough made from rye flour of the type 1740, 40 ml to flour of the type
1370 and 24 ml — to flour of the type 700. Taking into consideration the results
of experiments, the baking test method for evaluation of rye flour baking
properties has been worked out, but the elaborated ,,Baking test evaluation
protocol” where the optimal range of technological parameters, flour quality
indices and bread evaluation criteria are presented, helps to control and to
compare the obtained results. The protocol facilitates adherence to baking
parameters, fixation of the actual indices and evaluation of bread quality.

44



CONCLUSIONS

—_—

.It has been stated after the analysis of indices characterizing the rye flour
baking properties — falling number, starch gelatinization maximum and
starch gelatinization maximum temperature - that ‘Admilo’ un ‘Kaupo’ in
comparison to all other rye varieties grown in Latvia are the most suitable
for baking of rye bread.

2. Content of essential amino acids in proteins of grains of all rye varieties is
similar, but the most deficit essential amino acids - methionine and lysine
are in the variety ‘Voshod’ most of all, thus this variety is biologically the
most valuable.

3. Analysis of characteristics of the rye flour produced in Latvia within four
years shows that there is a medium close correlation between starch
gelatinization maximum and flour falling number, and there is a tendency —
the less falling number, the lower starch gelatinization maximum.

4.1t was proved by experiments that content of the reducing sugars in a scald
almost reaches the maximum after 90-100 minutes, and 19.8—
20.9 g 100 g reducing sugars are formed in scalds of different rye
varieties.

5.The enzyme preparations Termamyl 120L and BAN 240L used in research
considerably accelerate starch hydrolysis and increase the amount of
reducing sugars in the scald. Use of such scald for baking of rye bread is
not perspective at present, because the quality of the obtained product is
unsatisfactory.

6. An improved method of sample preparation for determination of reducing
sugars in the scald has been worked out, envisaging inactivation of
amylases with spirit after taking of the sample for analysis. By means of
the method with additional preparation of samples, an amount of reducing
sugars lesser for 6-10% is obtained in the scald, which proves the
hypothesis of a necessity to inactivate amylases in the samples for analysis.

7.The elaborated mathematical model allows anticipating the amount of
reducing sugars in the scald, taking into consideration the falling number
value of the used rye flour and the scald preparation time.

8.The improved method for the rye flour baking test with a liquid acid
regulator ensures objective evaluation of rye flour baking properties and is
practically applicable both in mills and bakeries of Latvia.
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