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Today the problem of manufacturing of products, in
particular bakery products for people with diabetes mellitus,
enriched with useful substances such as proteins and edible
fibers is acute in the world. Biochemical processes in the
dough system during their manufacturing when additional
components are researched insufficiently. Therefore, such
studies are relevant, because they determine the quality of
finished products.

As objects of research there were chosen a dough system
with fructose for manufacturing bakery products, casein as a
source of protein, artichoke powder and buckwheat bran
fiber as sources of food fibers.

The kinetics of sugars in the dough was determined by
the number of formed and fermented sugars, the fractional
composition of proteins, the intensity of acid accumulation
and the amount of volatile acids were also determined. The
content of sugar depends on the ratio between the intensity
of accumulation of sugars in the dough and its digestion by
microorganisms. Improvement of sugar forming ability in
the dough with the use of researched additives is established.

Significant changes are expected in the composition of
the protein substances of the dough, as casein was selected
as a protein enrichment agent for diabetic products. During
fermentation due to the action of proteolytic enzymes,
disaggregation of protein molecules and hydrolysis of
polypeptide chains occurs. And rheological properties of the
dough depend on the composition of the protein fractions.
Investigation of the fractional composition of proteins
showed an increase of water-soluble and intermediate
nitrogen fractions in the dough, which contributes to the
improvement of nutrition of microorganisms of the dough.

During the fermentation of the dough acidifying substan-
ces accumulate. They increase the titrated and active acidity.
The introduced ingredients have a significant amount of
inorganic acids, which will affect the taste properties of
baked goods. The increase of volatile acids in the dough and
finished products compared to the control sample without
additives was also established.
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XAPYOBI TEXHOJIOT'TI

BIOXIMIYHI NMPOLLECM B TICTI AnNA AIABETUYHUX
BYNOYHUX BUPOBIB, 3BArAYEHUX BUJTIKAMMU
TA XAPYOBMMMU BOJIOKHAMM

A.O. llleBuenko
Hayionanvnuii ynieepcumem xapuoux mexmonozit

Cb0200HiI 8 YcboMy c8imi 0cobIUBOI 2ocmpomu HAOYI0 NUMAHHSL UCOMOBGLEHH S
8Upo0bis, 30kpema XaibobynouHuxX, 0/ H00el, X8OPUX Ha YYKposuil diabem, 30aca-
YEHUX KOPUCHUMU PEeYOSUHAMU, MAKUMU K OLIKU ma xapuyoei eonoxua. Heodo-
CMamub0o Q0CHIOHCEHO OIOXIMIUHI npoyecu, SKi 8i00Y8AOMbCs 8 MICMOGI cucme-
Mi 3a iX 8U20MOGNEHHs NPU BHECEHHI 000amKOBUX KoMnoHenmis. Tomy maxi dochi-
O0JfCEHHS € AKMYANbHUMU, A0HCe BOHU BUHAYAIOMb AKICMb 20MO080i NPOOYKYII.

06’ exmamu 00cHioNCeHb 0OPaHO MICmogy cucmemy 3 QPyKmo3z0io 0Jis USOMO6-
JIeHHs OVIOUHUX 8upodis, Kazein sik Ojicepeno OLIKA, NOPOuLoK MOniHamoOypy ma
KIIMKOBUHY BUCIBOK epedKU K 0Hcepela Xapio8ux 80J10KOH.

Busnaueno xinemuxy yykpie y micmi 3a KiibKiCmIO YMEOPEHUX i 30p00NCEHUX
YyKpis, ppaxyitinuil ckiad OIIKI8, IHMEHCUBHICMb KUCTOMOHAKONUYEHHS Ma Kilb-
Kicmb aemKux Kuciom. 3’5co8amno, wo eMicm yykpy 3anedxicums 8i0 cniggioHouie-
HH5L MIDIC THMEHCUBHICIIO HAKONUYeHHs YyKpie y micmi ma 30pOo0diCeHHIM ix
MiKpoopzaHizmamu. Becmanoeneno nokpawjenHs yyKkpoymeopioganbHoi 30amHocmi
y micmi npu UKOPUCMAHHI 00CTOHCYBAHUX 00OABOK.

Iepedbauaromvcs 3Hauni 3MiHU Y CKAAOT OLIKOGUX PEHOBUH MICmA, adxce SIK
binkosuil 30azauysay oiabemuunux supoobie 6yn0 obparo kazein. Y npoyeci 6pooi-
HH5L MO OI€l0 NPOMEOAIMUYHUX DepMmerHmie 8i00yeacmvcs 0e3azpe2ayis MOAEKYl
binka, 2ioponiz noninenmuoHux 1anyiozie. A 6i0 ckiady paxyiti 6inka 3anexcams
peonoziuni enracmueocmi micma. Jocnioxcenus Gpaxyitino2o ckiady OiIKie noka-
3anu 30ibUenHs Y micmi 6000pPO3YUHHOI Ma NPOMINCHOL (Dpakyi azomy, uwo
CNpusie NOKPAWEHHIO JHCUBNEHHA MIKDOOP2AHI3MIE micma.

11i0 uac 6podinns micma HAKONUYYIOMbCSL KUCIOPeazyioul peHosuHU, SKi CHpuYu-
HAIOMb 30LIbUEHHST MUMPOSAHOT Ma aKMUHoI KUuciomuocmi. Breceni inepedicnmu
Y CBOEMY CKIAOi MAiomb 3HAYHY KIIbKICMb HEOP2aHIYHUX KUCIOmM, SKI 6NIu-
BAMUMYMb HA CMAKOGI GIACMUBOCTI GUNEYeHUX 8upodie. Bcmanosneno 3pocmanis
KIIbKOCMI JIeMKUX KUCIOM Yy MICMI Ma 20Mosux upodax (NOpieHsIHO 3 KOHMPOLeM
6e3 006a60K).

Knrouoei cnoea: bioximiuni npoyecu, kazein, NOpOuwox moniHamoypy, KiimKo-
BUHA BUCIBOK epeuKl, ppyKmosa.

Formulation of the problem. Recently diabetes mellitus has become
widespread in the world. But the range of products with a low glycemic index and
a high nutritional value, enriched with useful substances, such as complete proteins
and edible fibers [1—4], presented on the market is small. To reduce the
glycemicity of products, sugar substitutes are used and fructose as a product that
does not increase blood sugar level [5]. There is actual to use milk proteins, as
components of high-grade chemical composition, and cereals for the enrichment of
bakery products with fiber [6; 7]. For diabetic nutrition inulin-containing raw
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materials are especially useful, they do not increase sugar level in the blood and at
the same time provides body with fiber [8; 9]. It should be noted that at this time
the influence of non-traditional raw materials and additives on the technological
process of making bakery products is not sufficiently researched. The decisive role
in bread technology belongs to biochemical processes [10]. During the maturation
of the dough, the biotransformation of its polymers takes place. Significant changes
are observed in the protein-proteinase and carbohydrate-amylase complex. The
biochemical processes occurring in the dough are the splitting of the components of
the flour, mainly proteins and starch, under the action of own flour enzymes, as
well as enzymes of yeast and other microorganisms. Sugars and nitrogenous
substances accumulate in the dough. In this case, a certain degree of decomposition
of proteins is desirable, as it allows to obtain sufficiently elastic dough with
optimal properties for obtaining good quality bread [11]. In addition, the products
of the decomposition of proteins during the baking stage are involved in the
formation of the color, taste and flavor of bread [12]. When intensive decom-
position of proteins, especially with the use of weak flour, the dough spreads and
the quality of bread is unsatisfactory. Therefore, the intensity of proteolysis is
regulated taking into account the strength of the flour.

As a result of the digestion of starch by enzymes, maltose (5—6% by weight of
the flour) is formed, which is spent on the fermentation of dough and involved in
the process of baking, determining the taste and color of the crust of bread.

As biochemical processes are among the determining factors, the purpose of our
research was to determine the effect of a mixture of proteins and food fibers on the
course of biochemical processes in the dough with fructose for diabetic nutrition.

Materials and methods. For research, samples with high quality wheat flour,
yeast, salt, and fructose were prepared. Fructose was dosed in an amount of 5% by
weight of flour. As added ingredients there was a mixture of casein with Jerusalem
artichoke powder (9% and 4% by weight of flour) and a mixture of casein with
fiber of bran buckwheat (8% and 8% by weight of flour). As a control there was a
product with fructose without additives.

The course of biochemical processes was determined by the kinetics of sugars
during maturation of the dough, the rate of acid accumulation and the degree of
disaggregation of proteins. The content of volatile acids in the dough and finished
products was also characterized.

The kinetics of sugar accumulation was determined by the accelerated iodo-
metric method without hydrolysis in terms of maltose. Its content was established
in yeast and non-yeast dough after mixing and after 1.5 and 3 hours of fermen-
tation. The principle of the method is based on the fact that during boiling of the
exact amount of Feling liquid with the investigated solution containing reducing
sugars, the latter restore the bivalent copper to monovalent copper oxide. Next,
remaining divalent copper is acted by potassium iodide. Marked molecular iodine
is titrated with sodium thiosulfate solution. In parallel, a control experiment is
conducted, in which distilled water is taken instead of the investigated solution. By
the difference in volumes of sodium thiosulfate solution spent on titration of the
control experiment and the investigated one, the amount of bacillus copper
recovered by sugar is determined [13].
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The intensity of acid accumulation was determined by the titrated and active
acidity of the dough. The method for determining the titrated acidity is based on
titration of a milled dough or crumb by 0.1 mol / dm’ sodium hydroxide with the
presence of a phenolphthalein indicator. Active acidity is determined using a pH
meter in yeast and non-yeast dough after mixing and after 1.5 and 3 hours of
fermentation [13].

The content of volatile acids was determined by the semi-micromethod of
ASDIFT. The extract of dough or bread crumb is g)repared, the indicator paper
kongo red is put and after acidification by 1 mol / dm" sulfuric acid is distilled. The
resulting distillate is heated to reflux and titrated with 0.05 mol / dm’ sodium
hydroxide solution with the phenolphthalein indicator [13].

The fractionation of the nitrogen-containing substances of the dough is carried
out according to the scheme of Chyzhova K.N. and Shkvarkina T.I. Determination
of the total nitrogen content in dough and gluten nitrogen is carried out by
combustion of the sample due to the modified Kjeldahl method. Modification of
the method consists in determining the content directly in the solution of the zeolite
sample (without distillation) using indirect hypochlorite-iodometric titration. The
principle of the method is the oxidation of ammonium in a light-alkaline medium
with excessive amount of hypochlorite, the remainder of which is then determined
by indirect iodometric titration. The content of the water-soluble fraction and non-
protein nitrogen is determined after extraction and burning of the extract. Amount
of nitrogen of free amino acids is determined by the method of formolith titration.
The nitrogen content of the intermediate fraction is calculated as the difference
between the content of total nitrogen and its total amount in gluten and water-
soluble fractions [13].

Results and discussion. The process of gas formation in the dough is stipulated
by the sugar-forming ability, which is provided by the activity of amylase and the
tolerance of starch to the amylolysis. The content of sugar depends on the ratio
between the intensity of accumulation of sugars in the dough and their digestion by
microorganisms. In the presence of a mixture of casein and powder of artichoke
and casein and buckwheat cellulose, the process of amylolysis passes more
intensively than in the control sample, as evidenced by the accumulation more
quantity of sugars during fermentation. After 3 hours after mixing the dough with
additives, there were fermented sugars by 13.8% and 3.0% respectively more, than
in the control sample (Table 1), indicating a positive effect of additives on the
sugar-forming ability.

Table 1. Acidification and fermentation of sugars in the process of fermentation of dough,
% on dry matter

. Sample with casein|Sample with casein and
Sample with fructose
Indexes (Control) and Jerusalem | cellulose of buckwheat
artichoke powder bran
1 2 3 4
Dough without yeast
After mixing 7,3 8,3 8,8
After 3 hou_rs of 9.4 11,8 10,9
fermentation
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Continuation of Table. 1

1 2 3 4
Formed sugar s 2,1 3,5 2,3
Yeast dough
After mixing 7,6 8,4 8,9
After 3 hou_rs of 6.3 8.0 7.7
fermentation
Fermented sugars 34 3,9 3,5

During the fermentation of the dough acidifying substances are accumulated.
They increase the titrated and active acidity. It was established (Fig. 1) that adding
a mixture of casein with powder of Jerusalem artichoke and casein with cellulose
of buckwheat bran leads to the increase of titrated acidity by 0.1 and 0.3 degrees,
respectively, due to the higher acidity of the added ingredients. Intensification of
acid accumulation can be explained by the improvement of nutrition of lactic acid
bacteria due to the constituents of additives.

During fermentation, the pH of the dough decreased (Fig. 2), which correlates
with the value of titrated acidity at 2.2—6.2% obviously due to the intensification
of microbiological processes.
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The introduced ingredients in their composition have a significant amount of
inorganic acids, which will influence on the taste properties of baked goods.
Therefore, it was advisable to examine their content in the vinified dough and
finished products.

It was established (Table 2) that the additives influence on the increase of
the production of volatile acids by bacterial microflora of the dough: a sample
with a mixture of casein and artichoke powder — by 15%, with a mixture of
casein and cellulose of buckwheat bran — by 23.3%. In finished products the
amount of volatile acids decreased, compared to their content in the dough,
which is due to their weathering under the influence of temperature during the
baking process.

Table 2. The content of volatile acids in dough and bread

Sample with fructose Sample with casein and|Sample with casein and
Indexes P Jerusalem artichoke | cellulose of buckwheat
(Control)
powder bran
Dough
Titrated acidity of the
vintage dough, deg 2.8 2.9 3,1
Content of volatile
acids.% 18,5 21,2 22,8
Bread
Titrated acidity of
bread, deg 1.8 2,0 2,2
Content of volatile
acids % 15,8 18,1 19,7

Significant changes occurred in the protein substances of the dough, because
casein was chosen as a protein enrichment agent for diabetic products. In addition,
the Jerusalem artichoke powder and the buckwheat seed fiber contain also a small
amount of protein. During fermentation under the action of proteolytic enzymes,
disaggregation of protein molecules occurs as well as the hydrolysis of polypeptide
chains. And rheological properties of the dough depend on the composition of the
protein fractions. It has been established (Table 3.) that the content of total nitrogen
in samples with additives is greater by 11.5% and 38% than in the control due to
the added with the additional ingredients protein. The amount of gluten nitrogen in
the fermentation process is reduced due to the transfer of its part to the water-
soluble and intermediate fraction. Water-soluble nitrogen is an additional nutrition
for the dough microflora. An increase in its amount was observed in the process of
fermentation of the dough in all samples, and to a greater extent in samples with
additives. This is a consequence of proteolysis in the dough. The content of the
intermediate fraction also increases as a result of lowering the pH of the dough in
the case of using additives. In this case, non-protein nitrogen (amides, nitrogen of
free amino acids, etc.) is formed. Increasing the content of water-soluble and
intermediate fractions leads to the improving of microorganisms’ nutrition and
rheological properties of the dough.
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Table 3. Fractional composition of protein substances of the dough, mg/100 g of dry matter

Nitrogen content by fractions,% to dry matter of the dough
water- . . .| nitrogen of
Sample total gluten soluble mterme_dlate non-protein free amino
nitrogen . fraction nitrogen .
fraction acids
Sample with fructose (Control)
After mixing 3,06 0,41 0,26 0,07 0,01
After 373 2,92 0.4 0,37 0,08 0,014
fermentation
Sample with casein and Jerusalem artichoke powder
After mixing 3,1 0,43 0,63 0,1 0,05
After 416 2,88 0,46 0,82 0,13 0,059
fermentation
Sample with casein and cellulose of buckwheat bran
After mixing 3,95 0,56 0,74 0,18 0,05
After 515 3,87 0,48 0,80 0,22 0,62
fermentation
Conclusions

It was established that the addition of protein and food fibers sources influences
positively on the course of biochemical processes during the manufacture of bakery
products. Sugar-forming ability improves, the amount of volatile acids increases,
which contributes to the formation of a more pleasant flavor of finished products.
The addition of additives leads to the increase of the density of water-soluble and
intermediate fractions of nitrogen, which contributes to the improvement of
nutrition of microorganisms of the dough and improves its rheological properties.
Therefore, the enrichment of products with the investigated sources of protein and
dietary fiber is appropriate in view not only of increasing the nutritional value of
finished products, but also of intensifying biochemical processes during their
production.
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