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Abstract. Cereal products are the main part of human diet, as they contain high amount of proteins,
carbohydrates, vitamins, and dietary fibre. Germinated seeds, grain and grain germs have already been
used in food since ancient times. Biologically activated grain application is a new direction in white bread
technology. The aim of the investigation was to determine the optimal wheat grain activation parameters
and study the changes of biological composition in wheat, hull-less barley, and rye grain during activation
process. Wheat, rye and hull-less barley grain were biologically activated with the purpose of adding such
grain to wheat dough and of increasing biological value of wheat bread. It was found that the optimal
grain biological activation parameters were: relative air humidity — 80+1%, temperature — +34+1°C, and
time — 24+1 h. The quality of gluten in wheat grain became unsatisfactory during the grain activation of up
to 36 h due to the occurrence of intense dissimilation processes during activation time. Gluten was found
neither in activated nor in inactivated rye and hull-less barley grain. The content of dietary fibre, vitamins B,
E and niacin increased and vitamin C synthesized during the grain activation time. Compared to inactivated
grain samples, activated hull-less barley grain showed an increase in glycosamin content, i.e., by 4.7 times,
while in rye and wheat grain the content of glycosamin increased only 1.7 times. The developed mathematical
model demonstrates that the change in the falling number value during grain activation depends on the grain
activation time.
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Introduction (o- and B-amylases), proteolytic enzymes,

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 (Nocker, 1995).

The literature provides a description of some
examples on the use of germinated wheat grain in
bread and confectionary industry (Xomepckas, 1995,
1998; Djaéenko, 2002; Xomepckasi, 2004).

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 activity of
during  germination:

increases
enzymes

enzymes
endohydrolase

diphenoloxsydase, and catalyse are activated. Stability
of gluten depends on the amount of formed disulfide
bonds (-S-S-) and on disulfide bonds correlation with
the sulfhydryl groups (-SH-) (KasakoB, KperoBuu,
1989; Hugh et al., 1998).

Protein content in wheat grain varies between
7-20% from the total dry matter content (Kulp
et al., 2000). Whereas composition of amino acids
is a very important aspect for wheat grain. The
amount of amino acids is higher in the central part of
a grain compared to periphery. The aleurone protein
has a higher food value compared to protein of
endosperm (KazakoB, KpetoBuu, 1989; Johansson,
1995; MacRitchie, 1999; Tanacs et al., 1994).
Gluten content is the most important part of wheat
albumen.

In rye grain, the protein content (9-20% from total
dry matter) is lower, whereas that of essential amino
acids — by 1.5 times higher (lysine and threonine)

* WBanos, C.I', Hlackonsckas, H.JI., Xapnamosa, A.H. (2005) O30oposumensuvie coticmea npopoueHHbIX ceMan
u a¢hpexmusnocmo nevenus nayuenmos, cmpaoaiowux xponuyeckum cenamumom « Cy, npopoweHHbiMU ceMeHamu
pacmoponuiu. JlokazarenbHast MmeauiuHa: http://newmedt.ru/atat12.php — acessed on 27.09.2005.
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compared to wheat grain (Ka3akos, Kapmmienko,
2005; Lasztity, 1996).

Rye grain starch gelatinization temperature is lower
(+52 — +55 °C) compared to wheat grain. The amount
of riboflavin and vitamin E in rye grain is higher.
Physical properties of rye grain gluten are similar
to those of wheat grain — it is with lower elasticity
and stability. Gluten content in rye grain makes up
40% from the total amount of protein. The biggest
part of rye grain albumen dissolves in water and
low-concentration salt dilutions. The increase in
glutenin amount promotes strengthening of gluten
(Kazakos, KpetoBud, 1989).

In food industry, hull-less barley is considered
as more valuable and more economical compared
to flaky barley. The hull-less barley flour has a little
darker colour because, compared to flour from soft
wheat, it has a higher ash value and a higher protein
and B-glucans content. Soluble dietary fiber, mainly
B-glucans, provides a promoted viscosity. As a
result, digestion, cholesterol and fat absorption are
decreased (Bhatty, 1999; Bengtsson et al., 1990;
Newman, Newman, 1991; Belicka, Bleidere, 2005;
Legzdina, 2003). Compared to wheat and rye grain,
the highest content of natural antioxidants (copherol
and tocotrienols) and vitamin E is established in barley
grain. Protein content in hull-less barley grain is from
9 to 20% from total dry matter (Shewry, 1993). The
properties of barley gluten, similarly to rye grain
gluten, are similar to those of wheat grain gluten
with poor quality. The proteolytic enzyme paphain
activity deteriorates the quality of gluten (Ka3axos,
KpetoBud, 1989).

Total sugar content is approximately % from total
dry matter in wheat, rye, and hull-less barley grain.

Information can be found in the literature that the
biological value of grain is increased during the grain
germination time. No data was found on the changes
in physical and chemical composition of rye and
hull-les barley grain, especially during the activation
time in various activation stages, therefore it is
necessary to determine the optimum grain biological
activation time when grain has the highest biological
value but its structure has not considerably changed.

The purpose of this research was to study the
changes in physical-chemical and biological properties
in rye, wheat, and hull-less barley grain during the
biological activation process.

The objectives were:

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

- toinvestigate the qualitative changes in grain
during the biological activation process.

* Dzerama udens

obligatas nekaitiguma un kvalitates prasibas,

Materials and Methods

For the research the following materials were used:
wheat grain (variety ‘Kontrast’), rye grain (variety
‘Voshod’) harvested in 2003 by the limited liability
company ,,Zelta varpa 57, and hull-less barley grain
cultivated at Priekuli Plant Breeding Station in Latvia
and harvested in 2004, as well as drinking water
for grain rinsing and steeping in compliance with
Regulations No. 235 of the Cabinet of the Republic of
Latvia ,,Compulsory Requirements for Harmlessness
of Drinking Water”, 2003,

Grain was washed (H,0 t = +20+1 °C) and wetted
(H,0 t = +20£1 °C, © = 2441 h). Grain biological
activation was performed in the climatic chamber
at temperatures (t) +25£1, +30+1, and +35+1 °C at
constant relative air humidity (¢) of 80+1% for up to
36 hours (h).

For determination of the quality of raw materials,
standard methods were used.

Grain moisture was determined by the standard
method LVS 272.

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

Changes in the falling
grain were determined by
Hagberg-Perten method LVS 274.

Fat content was determined by the standard
method ISO 6492 using the equipment ,Biichi
Extraction System B-811”.

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

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

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

The content of amino acids was determined by the
chromatographic method using the amino acid analyser
,Mikrotechna AAA 831” (Kozapenko u dp., 1981).

Vitamin C content was determined by the
Tillman’s method. The method is based on the
extraction of L-ascorbic acid from the analysing
material by means of the oxalic acid and conversion
of 2.6-dichlorphenolindophenol into dehydroascorbic
acid (Matiseks, Snépels, 1998).

Niacin content was determined by the method
of Stepanova using a photoelectrocolorymeter
(Hecrepona, 1967).

Vitamin B, content was determined by means of
the fluorometer ,,Specol 11 in compliance with the

number in
the standard

monitoringa un kontroles kartiba (2006):

http://www.likumi.lv/doc.php?id=75442 — accessed on 18.12.2006.
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Table 1
Characterisation of grain activation parameters
e=80+1% ©=80+1% e=80%+1%
1=24t1h 1=24x1h t=24+1h
t=+25+1°C t=+30+1°C t=+434+1°C
Type of : , :
grain o 2 =] 3 d 3
2 = 2 = 2 =
= < .2 = .2 o -2 =3 2 C o
o =S & s~ ) =S & =S ) =~ -3 =S
& z & z & z
=] = -
Rye 75 25 85 15 88 12
tull-less 70 30 75 25 80 20
barley
Wheat 69 31 88 12 91 8

Jansen’s method by the modification of Jelesejeva
(Matiseks, Snépels, 1998).

Vitamin B, was determined by means of the
fluorometer ,,Specol 11 according to the method
of Povolocka and Skorobogatova (Hectepoga,
1967).

Determination of the amount of vitamin E is
based on the ability of tocopherol to oxidise. Vitamin
E was oxidized with FeCl,, while iron — with o.- and
ol-dipiridil (Bansamasn u jp., 1993).

Glycosamin content was determined by
means of the amino acid analyser ,Mikrotechna
AAA 831”. A new determination method was
developed: N-acethylglucosamin at the ratio of 1 : 1
was added to grain extract, as a result of which the
subsequent peak between amino acid tyrosine and
histidine was assumed as glycosamin.

Results and Discussion

The research proved that optimal grain biological
activation parameters in the climatic chamber were:
¢ = 80£1%, t = +3441 °C, and activation time — up
to 36 hours. The characterisation of grain activation
parameters is shown in Table 1.

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 was 62 s after grain activation for 36
hours. Such changes can be explained by biochemical
reactions occurring in grain during activation as a high
activity of o- and B-amylase enzymes are observed
(Ruza, 2001), as a result of which starch is split.

Qualitative and quantitative changes in gluten.
Inactivated wheat grain and grain activated for 12,
24, and 36 hours were tested. Qualitative gluten was
not found in the rye and hull-less barley grain. It
was observed that the amount of dry gluten in wheat
grain activated for 24 hours decreased 6.7 times,
gluten index — 2.5 times, and gluten hydratation
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properties — 1.2 times. After wheat grain activation
for 36 hours, gluten was not detected. This can be
explained by the dissimilation processes during grain
activation time and by the decrease in protein content.
Therefore in order to obtain good quality gluten, grain
activation time should not exceed 24 h. This can be
mainly explained by the increased amount of gliadin,
as well as by the decreased correlation between
disulphide bonds and -SH- groups in activated rye
grain and by enzyme paphain activity in hull-less
barley grain (KasakoB, Kperosmu, 1989; Hugh
et al., 1998).

Changes in fat content during grain activation.
Changes in fat content were not considerable during
the biological activation time. The activity of
3-acethylglucerolliphase and lipoxigenesis enzymes
increased during the grain activation time for up to 24
hours, compared to the inactivated grain samples.

Changes in total protein content. Proteins were
split by proteolytic enzymes, as a result of which
the total protein content decreased during the grain
activation time. During the grain activation time for up
to 24 hours, the total protein content decreased more
intensively in rye grain (9.4 times), but in wheat and
hull-less barley grain these changes were not so
significant (from 13.18 to 12.89% and from 17.35 to
12.16% accordingly) (Fig. 1).

Changes in dietary fibre content in grain during
the activation time. Dietary fibre content increased
from 2.59 to 2.83% in rye grain, from 1.64 to 2.18% in
hull-less barley grain, and from 3.22 to 3.34% in wheat
grain (Fig. 2) during activation for up to 24 hours. Such
changes can be explained by the activity of amylolytic
enzymes and splitting of cellulose and maltose.

Changes in total sugar content. The highest total
sugar content (6.00%) was determined in inactivated
rye grain which was 2.4 times higher compared to
hull-less barley grain and 1.8 times higher compared
to wheat grain.
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Fig. 1. Decrease in total protein content in grain during grain activation time.
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Fig. 2. Dynamics of dietary fibre content in grain during grain activation time.

The amount of total sugar content 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 for up to 24 hours (Fig. 3) which can
be explained by the synthesis of carbohydrates in cell
walls of grain for grain sprout development.

Changes in vitamin content in grain during the
activation time. The amount of vitamin B, in the
activation process of wheat, rye and hull-less barley
grain considerably decreased (Fig. 4).

The decrease in vitamin B, content can be explained
by the possible metabolism and biochemical reactions
occurring during the activation time and the availability
of vitamin B, inenzyme phyrovatdecarboxylasis which
participates in the growth and splitting reactions of

28

carbohydrates occurring in grain (Kazakos, Kperosuy,
1989). During the activation for up to 24 hours, the
content of vitamin B, decreased by 32.10% in wheat
grain, by 57.78% in rye grain, and by 17.39% in
hull-less barley grain.

Contrary results were observed for the content
of vitamin B, (Fig. 5). The amount of vitamin B,
increased by 45.5% in rye grain, by 54.5% in wheat
grain, and by 88.9% in hull-less barley grain during
the activation time for up to 24 hours. The increase
of B, content in hull-less barley and wheat grain was
very similar. As inactivated rye grain is richer in the
content of vitamin B, compared to inactivated wheat
and hull-less barley grain, the increase in vitamin B,
amount was more pronounced which can be explained
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Fig. 3. Changes in total sugars in grain during grain activation time.
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Fig. 4. Decrease in vitamin B, content in grain during grain activation time.
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Fig. 5. Changes in vitamin B, content in grain during grain activation time.
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by the short rest period and intensive process of
metabolism occurring in rye grain.

Inactivated wheat grain was richer in the content
of niacin by 70.10% compared to rye grain and by
57.23% compared to hull-less barley grain. The
research proved that the increase in niacin content
was more marked in hull-less barley and rye grain.
Compared to inactivated grain samples, the content
of niacin increased 1.3 times in wheat grain, 2.6 times
in rye grain, and 2.1 times in hull-less barley grain
activated for up to 24 hours.

Vitamin C was not found in inactivated grain
samples. By means of biochemical reactions, during
the activation process for up to 24 hours vitamin C
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.

The increase of the amount of vitamin E in wheat
and rye grain during the activation process was similar.

35
304

254
Irreplaceable ,,
amino acid
content,

g kg

Grain activation time, h

RN

$

Vitamin E content increased 6.5 times in wheat grain
and 6.2 times in rye grain. The increase of vitamin E
amount in hull-less barley grain during the activation
time was not so intensive — only 1.7 times compared
to inactivated grain samples.

Changes in the content of total irreplaceable
amino acids in grain during the activation time. A
comparatively higher content of irreplaceable amino
acids was found in inactivated hull-less barley grain
(Fig. 6). The total content of amino acids decreased
by 18.8% in hull-less barley grain, by 17.4% in wheat
grain, and by 47.4% inrye grain during grain activation
time for up to 24 hours. The application of amino
acids in grain metabolism explains the decline.

Changes in the content of glycosamin. The
highest content of glycosamin was obtained in
inactivated wheat (0.23 g kg!) and rye (0.24 g kg™)
grain (Fig. 7) whereas in inactivated hull-less barley
grain —only 0.10 g kg

AN

hull-less barley
wheat

“\\\\\\'\\\\.\\\\

rye

24

Fig. 6. Changes in the content of total irreplaceable amino acids in grain during grain activation time.
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Fig. 7. Changes in glycosamin content in grain during grain activation time.
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A comparatively higher increase of glycosamin
was observed in hull-less barley (4.7 times) grain
during activation for up to 24 hours, while in rye and
wheat grain the amount of glycosamin 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
addition of glycosamin-containing grain to dough
increases the biological value of bread.

Development of the mathematical model. The
mathematical model was developed on the basis of
experimental data taking into account the changes
in the value of wheat falling number during grain
activation. Duration of wheat grain activation time
was up to 36 hours. If grain activation time exceeds 36
hours, the active components (carbohydrates, protein,
and lipids) regenerate in the process of synthesis
to ensure the growth of grain therefore it can be
supposed that the speed of active component splitting
is proportional to the amount of active components.

Itisnot possible to determine the speed of biological
processes depending on grain variety and activation
parameters, but the speed of such processes can be
assumed as a constant V (as there is no information
on the kinds of processes occurring in grain). The
decrease of the grain falling number value is possible
due to the synthesis of active components.

As a result, a differential equation was
obtained (1):
dK K
—+—=V
dt

(1

where & speed of changes in the falling number
value during the activation time, s;
K - falling number, s;
T — time constant of the process;

500 -
450

400
350
300 -
250 +
200
150
100
50 4

Falling number,
s

12

18

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

Initial term of the differential equation is:

K t:OzKO’ (2)

where K — 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 Euler’s method. The solution of problems
(1 and 2) is shown in formula 3:

t

Kt)=(K,-t-V)-e *+1-V 3)

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

To determine 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):

S= Z E‘(r*—\.ﬂ*{r)" —K.,(f),] =

‘ == Z [Kl"\.\fr(’)a' _({K“ —T ‘V)'(.’"t +T V}
‘ )

where S — sum of squares;
Keksp(t)i — experimental value of the falling number
depending on the activation time;
K1), — theoretical value of the falling number
depending on the activation time.
@ cxperimental data
— theoretical data
24 30 36

Activation time, h

Fig. 8. The curve for the changes in theoretical and practical falling number value in

wheat grain during grain activation time.
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The Solver software was used for the sum (4)

minimalization.

The coefficients V (7.13) and t (7.63) were

determined by means of experimentally ascertained
data and sum 4.

As a result, the changes in the theoretical falling

number value in wheat grain during the activation time
were calculated and a theoretical curve was obtained
(Fig. 8). The designed mathematical model is suitable
to predict the falling number value not only of wheat
but of other grain too.

Conclusions
1. The research proved that optimal grain
biological activation parameters are:

¢ = 80+1%, t =+34+1°C, and t = 2441 h.

The quality of gluten in wheat grain becomes
unsatisfactory during grain activation for up to 36
h due to the occurrence of intensive dissimilation
processes during the activation time. As a result,
the content of total protein decreases. Gluten is
found neither in activated nor in inactivated rye
and hull-less barley grain.

Intensive biochemical processes occur during
grain activation time, as a result of which grain
biological value increases — the content of
vitamins B,, E and niacin, of total sugars, dietary
fibre and of glycosamin increases, vitamin C
is synthesized, and the content of irreplaceable
amino acids decreases.

The designed mathematical model is suitable
to predict the falling number value not only of
wheat but of other grain too.
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Anotacija

Graudaugu produkti ir cilvéku uztura pamats, jo ar oglhidratiem un olbaltumvielam, ko tie satur, tick uznemtas
gandriz divas treSdalas diena nepieciesamo kaloriju, turklat tie ir svarigs vitaminu un Skiedrvielu avots.
Diedzgtas seklas, graudi un graudu diglisi uztura tiek izmantoti jau kop$ seniem laikiem. Biologiski aktivétu
graudu piedeva kvieSu miklai paaugstina tas kvalitati un tadgjadi iespgjams ieglt biologiski augstveértigu
produktu. Darba mérkis bija izpétit rudzu, kviesu un kailgraudu miezu graudu izmainas biologiskas aktivéSanas
laika un noteikt graudu aktivéSanas optimalos apstaklus. P&tijumos tika noteikts, ka graudu optimalie
biologiskas aktivésanas apstakli ir: relativais gaisa mitrums — 80+1%, temperatiira — +34+1 °C, laiks — 24+1
h. Turpinot graudu aktivésanu Iidz 36 h, kvieSiem lipekla kvalitate intensivi notickos$o disimilacijas procesu
del pasliktingjas. No rudziem un kailgraudu mieziem lipekli iegiit neizdevas. Biologiskas aktivésanas laika
graudos palielinajas Skiedrvielu, vitaminu B,, E un niacina daudzums, un sintezgjas C vitamins. Salidzinot ar
neaktivétiem graudiem, glikozamina saturs visstraujak, t.i., 4.7 reizes, paliclingjas aktivétos kailgraudu mieZos,
bet rudzos un kvieSos — tikai 1.7 reizes. Izstradatais matematiskais modelis raksturo kriSanas skaitla vértibas
izmainas graudu biologiskas aktivéSanas laika atkariba no aktivés$anas ilguma.
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