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The protein substances of the recipe components of bre-
ad determine not only its biological value, but also the struc-
tural characteristics of the dough for bakery products. In
connection with the military aggression of the russian fede-
ration, the ecological, economic and food situation in the
world has significantly worsened. This caused exacerbation
of diseases, including those of the gastrointestinal tract, such
as inflammatory bowel disease.

According to the recommendations of nutritionists, it is
necessary to increase the content of complete protein with
the maximum limitation of fiber in the diet of such patients.
For this purpose, rice flour is a promising raw material with
a low dietary fiber content.

Rice flour contains less amount of total protein than
wheat flour, but it is more complete. It was established that
the limiting amino acid of wheat flour is lysine, the amino
acid score of which is 0.44, in rice flour it is 6.92. The
limiting amino acid of rice flour is tryptophan, the amino
acid score of which is 1.61. This indicates that rice flour is
complete in terms of amino acid composition, since the ami-
no acid score of the limiting amino acid is more than 1.

The difference in the protein composition of wheat and
rice flour affects the structure of the dough. The content of
raw gluten decreased when replacing part of the wheat flour
with rice flour by 21.6—55.6% with an increase in the per-
centage of replacement. The elasticity, hydration capacity of
gluten and its extensibility also decreased.

The limiting amino acid in all bread samples is lysine,
but in the control sample its amino acid score is 0.46, while
with an increase in the percentage of replacement of wheat
flour with rice flour, it increased to 0.82—2.10. In the sam-
ple with the replacement of 20% flour and more, the amino
acid score for lysine exceeds 1, which means that the protein
of these samples is complete.

Considering the obtained results, it is worth replacing
about 20% of wheat flour with rice flour.
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FOOD TECHNOLOGY

BINNKOBI PEHOBMHU PUCOBOI0 EOPOLWIHA TA UOro
BUKOPUCTAHHA B TEXHONOrII NWEHUYHOIO XJIBA

A. O. llleBuenko
Hayionanvnutl ynisepcumem xapyo6ux mexnonozit

binkosi peuosunu peyenmypHux KOMNOHEHMIB X1iOA 3HAYHOK MIPOI0 8U3HAYA-
10mb He auuLe 1020 6IoN02IuHY YIHHICMb, A 1 CPYKMYPHI XapaKkmepucmuky micma
07151 Yyux 6upodis. V 36 A3Ky 3 GiliCbKOBOI aspecielo pocilicokoi ghedepayii y caimi
SHAYHO NOZIPUIUNACH eKOJIO2IYHA, eKOHOMIYHA ma npodosoavia cumyayii. Lle cnpuyu-
HUIO 3G20CMPEHHS 3aX60PI06AHD, 8 MOMY YUCTL ULTYHKOBO-KUWKOBO20 MPaKmy, ma-
KUX K 3anaivbHi 3aX60PI0BAHHS KUMUEYHUKA.

3zioHo 3 pexomenoayismu diemonozie y payioni maxkux Xeopux apmo niosuusy-
6amu 6Micm NOBHOYIHHO20 OLIKA NPU MAKCUMATBHOMY 0OMENCEHHT KIIMKOSUHU. 3
YIEI0 MEmoio nepcneKmueHoI0 CUpOBUHOIO 3 HUZLKUM BMICINOM XAPYOBUX 80JIOKOH €
pucose 60pouiHo.

Pucose bopouwno micmums menue 6iIKa, HIdIC NUeHUYHe, ale 6iH OLIbUL HOBHO -
yinHul. Bcmanoeneno, wo 1iMimyoyo0 amMiHOKUCIOMOI0 RUEHUYHO020 DOPOWHA €
J3UH, amiHoKucromuutl ckop axoi 0,44, y pucoeomy 6opowni — 6,92. Jlimimyro-
YOK AMIHOKUCTIOMOIO PUCOBO20 OOPOWIHA € MPUNMOQaH, AMIHOKUCTOMHULL CKOP —
1,61. I]e ceiouumob npo me, wjo pucose GOPOUWHO € NOBHOYIHHUM 34 AMIHOKUCION -
HUM CKIAOOM, OCKITbKU AMIHOKUCIOMHULL CKOP JEMIMYOU0i amiHoKucaiomu oinvue 1.

Piznuys 6 binkogomy cxiadi nueHuuHo20 i puco6o2o bopowHa GNIUBAE HA CIMPYK-
mypy micma. Bemanoaneno menoenyiio 3menuents micmy cupoi’ KietkosuHu npu
3AMIHI yacmury 60poOuHA NueHUYHO20 pucosum Ha 21,6—55,6% 3i 30invuenHsIm
8I0COMKA 3aMIHU. 3HUIICYEMbC MAKONC NPYICHICMb, 2IOpAmMayiiHa 30amHicb
KetiKo8UHU ma ii po3msicHiChb.

Jlimimyo4or amMiHOKUCIOmMOIO 8 YCIX 3paskax Xaiba € i3uH, 0OHAK Y KOHMPOJL
tioeo aminokucromuuii ckop 0,46, 6 motl wac K 3i 30i1bUEHHAM Gi0COMKA 3aMiHU
NUEHUYHO20 OOpOWHa pucosum, 6iH s0inbutyemuvcs 0o 0,82—2,10. 'V 3pasky 3
saminoro 20% bopowna i Ginbule AMIHOKUCIOMHUL CKOP 3 NI3UHOM nepesuuye 1.
L]e o3nauae, wo OINOK Yux 3pasKie € NOBHOYIHHUM.

3easicarouu Ha ompumani pesyrbmamu, 8apmo nPosooumu 3amitny oausexo 20%
NUEHUYHO20 OOPOUHA PUCOBUM.

Knrwuoei cnosa: xnio, pucoge 60pouiHo, 3anaibHi 3axX80PI06AHHs KUWEYHUKA,
AMIHOKUCAIOMA, KIIEUKOBUHA.

Formulation of the problem. The protein substances of the recipe components of
bread determine not only its biological value, but also the structural characteristics of
the dough for bakery products (Sivam, Sun-Waterhouse, & Quek, Perera, 2010). In
connection with the military aggression of the russian federation, the ecological, econo-
mic and food situation in the world has significantly worsened. This caused exacerba-
tion of diseases, including those of the gastrointestinal tract, such as inflammatory bo-
wel disease (IBD).To slow down the development of these diseases and maintain he-
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alth, it is recommended to follow diet therapy (Burisch, & Munkholm, 2013; Stepanov,
Skyrda, & Petishko, 2017).

According to the recommendations of nutritionists, it is necessary to increase the
content of complete protein with the maximum limitation of fiber in the diet of such
patients (Forbes Ta in., 2017). For this purpose, rice flour is a promising raw material
with a low dietary fiber content.

Analysis of recent research and publications. One of the effective ways to reduce
the amount of dietary fiber in the diet is to replace recipe components with a high fiber
content for raw materials with a reduced amount. Rice and its processed products con-
tain little dietary fiber, but at the same time their protein is complete.

In addition, rice germ contains phenolic compounds and tocopherols, tocotrienols
and y-oryzanol which are lipophilic antioxidants. These substances extend the shelf life
of products and protect from free radicals (Esa, Ling, & Peng, 2013).

Rice flour is widely used in gluten-free bread technologies. Protein, fat and fiber
content was determined in bread made from traditional rice flour and high-proteinflour.
An organoleptic evaluation of gluten-free bread was carried out. Sensory evaluation in-
cluded the analysis of appearance, aroma, texture and taste of bread. The protein con-
tent of bread made from traditional rice flour was 9.25%, with increased content —
10.1%. According to organoleptic indicators, both types satisfied the needs of consu-
mers (Paz, King, & Prinyawiwatkul, 2021).

Studies evaluating the influence of rice nutritional compounds on consumer charac-
teristics and sensory evaluation of bread showed that the content of arginine in different
types of rice flour (from long-grain rice, polished round-grain rice and black rice) was
higher by 44.19, 21.74 and 34.78% respectively, than in wheat flour. When the added
amount of rice flour exceeds 15%, the prepared bread gradually loses its elasticity and
has a lower specific volume (Tian, Wei, & Chen, 2022).

The main nutrients (crude protein, fat and carbohydrates) and nutritional compo-
nents (vitamins A, C, E, minerals, amino acids and fatty acids) of rice flour were ana-
lyzed. The content of crude protein, fat, and carbohydrates in rice flour was 6.80 g,
0.14 g, and 84.43 g, respectively. No vitamin A was detected, and vitamin C and E
were 8.30 and 0.3467 mg/100 g, respectively. The content of calcium, potassium, mag-
nesium, iron and sodium was 6.23, 65.05, 9.78, 0.17 and 2.84 mg/100 g. A large amo-
unt of potassium contributes to the excretion of sodium. Rice flour contains eight
essential amino acids. As for essential fatty acids, the content of linoleic acid was 41.01
mg/100 g, and linolenic acid was 2.20 mg/100 g (Lee, Jung, Jo, Back, Kim, & Park,
2018).

The effect of replacing wheat flour with 5%, 10% and 15% protein concentrates
from natural and yeast-fermented rice bran on the rheological properties of dough and
bread was studied. The specific volume of bread from 100% wheat flour did not differ
significantly from bread with up to 10% protein concentrate replacement. The optimi-
zed composite bread contained higher total amino acid content, radical scavenging acti-
vity and iron reducing capacity than the control sample. The springy indicators of wheat
bread did not differ significantly from composite bread. Scanning electron microscopy
revealed that the composite bread has a surface with embedded granules similar to pro-
tein deposits with small pores (Chinma, llowefah, Shammugasamy, Mohammed, &
Muhammad, 2015).
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Since it is not recommended to completely exclude gluten from the diet during diet
therapy for people with IBD, replacing wheat flour with rice flour is a promising direc-
tion. The relationship between the properties of rice flour with different degree of da-
mage of starch grains and the specific volume of bread made from a mixture of rice
and wheat flour was studied. The best quality flour was obtained by fine grinding and
the absence of a large number of damaged starch grains to make high quality bread
(Araki, 2009).

The purpose of the research is to determine the content and completeness of pro-
tein substances of wheat bread with rice flour and their influence on structural properti-
es of dough and sensory characteristics of bread.

Materials and methods. Sample preparation. Dough samples were prepared from
wheat flour with the addition of pressed baker’s yeast (3% by weight of flour) and salt
(1.5% by weight of flour). Wheat flour was replaced with rice flour in the recipe in the
amount of 10% and 20%. The control was a sample without rice flour.

Essential amino acid (EAA) composition. For determination amino acid compositi-
on method of ion exchange chromatography was used (Litvynchuk et. al., 2022). The
qualitative determination of amino acids was carried by hydrolysis of proteins. The de-
termination of quantitative estimation of amino acids was held using an automatic ana-
lyzer of amino acids, T-339 (Czech Republic), using polystyrene sulfonate ion exchan-
ge resins of "Ostion LJ ANB" in Li-citrate buffer one-column mode. The elution of
amino acids from the column was conducted, in turn, by Li-citrate buffers from pH
2.75+0.01; pH 2.95 £0.01; pH 3.2 £0.02; pH 3.8 £0.02; pH 5.0 £ 0.2. Amino acids
were detected by rectification with a ninhydrin solution using photometer (Unicam SP
800, Britain) at a wavelength of 560 nm. The results of detection in the form of the
peaks of absorption of light of ninhydrin positive substances in an eluent that count the
direct ratio concentrations of this substance in solution were registered by a variplotter.
The correlation of the solution of ninhydrin reagent and eluents was 1:2; the temperatu-
re of thermostatic T: = 38.5° C; T2 =65 °C. The prototype was diluted in Li-citrate buf-
fer by pH 2.2 £ 0.02 and inflicted on an ion exchange column. The gquantitative estima-
tion of chromatograms of the pre-production model settled in relation to the Bio-Rad
standard mixture of amino acids. The mass of every amino acid in the investigated so-
lution was calculated and expressed as g per 100 g protein. Amino acid score is expec-
ted according to the certificate scale of THEO/WHO (Choi et. al., 2012).

Wet gluten content. Wet gluten content of the dough samples was determined accor-
ding to methods stated in SR 1SO 21415-1:2007 and in Manual de gradarepentru se-
minte de consum (2008) and through GIM (AACC 38-12.02 method) using the
Glutomatic 2200 system (Perten Instruments AB). The moisture content was determi-
ned according to the SR ISO 712:2005 method, the protein content by the NIR
technique (Inframatic, model 8600, Perten Instruments AB), and the gluten
deformation according to the SR ISO 90/2007 (lonescu, Stoenescu, Vasilean, Aprodu,
& Banu, 2010).

Gluten deformation index. The gluten deformation index values for all samples
were determined using Gluten deformation index device. 4 g of sample of wet gluten
was left for keeping for 15 min in distilled water. Then it was put on the table of the
device. The rod of the device lowered and the device fixed the value of the
deformation (Tamba-Berehoiu, Lambrache, & Popa, 2019).
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Statistical analysis. The statistical processing of the result values was performed by
sequential regression analysis using the Microsoft Excel XP and Origin Pro8 software
calculating correlation coefficients (Hinkle, Wiersma, & Jurs, 2003).

Results and discussion. Rice flour contains less amount of total protein than wheat
flour— 6 Ta 11,3 g/100 g of flour, respectively. However, despite this, the content of
the majority of essential amino acids (EAA) is higher (Table. 1).

Table 1. Amino acid composition of rice and wheat flour

EAA EAA content, g/100 g of raw material
Wheat flour of premium grade Rice flour
Valine 0.42 421
Isoleucine 0.36 3.31
Leucine 0.71 6.20
Lysine 0.23 2.59
Methionine 0.40 3.00
Threonine 0.28 241
Tryptophan 0.13 0.10
Phenylalanine 0.52 6.62

To assess the completeness of protein substances, the amino acid score of each ami-
no acid was calculated. It was established that the limiting amino acid of wheat flour is
lysine, the amino acid score of which is 0.44, in rice flour it is 6.92. The limiting amino
acid of rice flour is tryptophan, the amino acid score of which is 1.61. This indicates
that rice flour is complete in terms of amino acid composition, since the amino acid
score of the limiting amino acid is more than 1. The introduction of this raw material
into the recipe of wheat bread is not able to increase the total protein content, but an
increase in the degree of balance of essential amino acids in relation to the physiologi-
cally necessary norm is expected. It is also predicted that protein will be used more
fully for anabolic needs by the body.

The fractional composition of the protein of rice flour also differs from that of
wheat flour. It was established (Shevchenko, & Litvynchuk, 2022) that the content of
glutelins and globulins is higher in rice flour, but the composition of glutelins is diffe-
rent. In wheat flour, it is glutenin which forms the gluten of the dough (Huang, Tsai, &
Chen, 2011).

In rice flour, the representative of glutelins is oryzenin, which is not a gluten protein
(Jayaprakash, Bains, Chawla, Fogarasi, & Fogarasi, 2022). The content of albumin,
prolamin and insoluble proteins prevails in wheat flour.

The difference in the protein composition of wheat and rice flour affects the structu-
re of the dough, changing the basic structural units of dough and bread with these com-
ponents in the recipe.

An important indicator of the structural and mechanical properties of the dough is
the amount and quality of gluten washed from it. Since there are no gluten proteins in
rice flour, a change in the structure of the gluten framework of the dough is predicted
when part of the wheat flour is replaced by rice flour (Table 2).
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Table 2. The quantity and quality of gluten washed from the dough

Amount of
Sample rice flourto | Amount of ':r?c;ﬂzgf Value qf Hydrfation Extensibility,
replace wheat | wet gluten, % % ' | GDI, units | capacity, % sm
flour, %

Control - 25.30+1.23 85 70 1955 15.2
sample

10 19.82+1.18 6.72 89 186.7 15.1
Sample with 20 15.46+1.02 5.25 94 182.1 14.8
rice flour 30 13.20+0.93 4.48 101 175.2 14.2

40 11.24+0.43 3.82 107 169.3 13.8

The content of raw gluten decreased when replacing part of the wheat flour with
rice flour by 21.6—55.6% with an increase in the percentage of replacement. The elas-
ticity, hydration capacity of gluten and its extensibility also decreased. Rice flour wea-
kens gluten. The decrease in hydration capacity occurs as a result of the physical ob-
struction of rice starch particles to hydration and the development of the gluten net-
work. The strength of the dough is related to gluten proteins, and replacing wheat flour
with rice flour causes their dilution, which can disrupt the integrity of the protein mat-
rix (Ahmad et. al., 2017; Pu et. al., 2017).

The maximum weakening of protein was observed when replacing wheat flour with
rice at the level of 40%. This can be explained by a greater disruption of the protein
matrix, as replacing wheat flour with rice flour reduces the gluten content. The absence
of a gluten protein network in rice flour prevents the formation of a strong viscoelastic
structure.

Wheat flour contains more bran, which is a source of the endogenous starch-hydro-
lyzing enzyme alpha-amylase, while replacing wheat flour with rice flour reduced the
enzyme content (Gujral, Sharma, & Singh, 2019; Kaur, Singh, Pal, & Kaur, 2018).

The amino acid composition of raw materials determines the biological value of fi-
nished bakery products. The amino acid profile of bread baked with the replacement of
part of wheat flour with rice flour was determined. The results are shown in Table 3.

Table 3. Amino acid composition of bread baked with the replacement of part of wheat
flour with rice flour

EAA Control Rice flour to replace wheat flour, %

sample 10 20 30 40
Leucine 0.71 1.00 1.33 1.68 2.08
Isoleucine 0.39 0.64 0.92 1.23 1.58
Methionine 031 0.52 0.76 1.03 132
Lysine 0.23 0.41 0.61 0.83 1.08
Phenylalanine 0.68 1.09 1.56 2.07 2.65
Threonine 0.28 0.50 0.73 1.00 1.29
Valine 0.43 0.71 1.02 1.37 1.76
Tryptophan 0.09 0.09 0.10 0.10 0.11

The amino acid score of each amino acid in bread samples was calculated (Table 4).
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Table 4. Amino acid score of amino acids in bread baked with the replacement of part of
wheat flour with rice flour

EAA Control Rice flour to replace wheat flour, %

sample 10 20 30 40
Leucine 111 1.56 2.05 2.59 3.19
Isoleucine 1.06 174 249 3.32 4.23
Methionine 0.97 1.63 2.35 3.16 4.05
Lysine 0.46 0.82 1.20 1.63 2.10
Phenylalanine 1.23 1.98 2.81 3.72 474
Threonine 0.77 1.34 1.98 2.68 3.46
Valine 0.93 154 221 2.95 3.78
Tryptophan 0.98 1.02 1.06 1.10 115

Since the percentage of wheat flour in the bread recipe is the highest, its chemical
composition will largely determine the biological value of the bread. The limiting
amino acid in all bread samples is lysine, but in the control sample its amino acid score
is 0.46, while with an increase in the percentage of replacement of wheat flour with rice
flour, it increased to 0.82—2.10. In the sample with the replacement of 20% flour and
more, the amino acid score for lysine exceeds 1, which means that the protein of these
samples is complete.

Trial baking (Figure 1) and expert evaluation of products with the participation of
tasters were carried out. The results were processed by the method of mathematical sta-
tistics (Table 5).

12 3 4 5

Figure 1. Samples of bread with the replacement of part of the wheat flour with rice flour:
1 — control sample; 2 — replacement of 10%; 3 — replacement of 20%; 4 — replacement of 30%;
5 — replacement of 40%

Table 5. Sensory assessment of the bread on a 100-point scale taking into account the
weighting factor of quality indicators

. Weighting Control Rice flour to replace wheat flour, %
Indicators factor sample
10 20 30 40
Specific volu-
me of bread, 0.15 4.6+0.3 4.740.3 3.5+0.3 2.5+0.3 2.0+0.3
cm3/100 g
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Continuation of table 5

Shape stability convex up- convex convex convex convex
of bread, baked 0.15 per crust | upper crust | upper crust | upper crust | upper crust
without form 5.0+0.3 4.340.3 3.540.3 2.540.3 2.0£0.3
Color of the 0.05 light yellow | light yellow | light yellow pale pale
crust ' 5.0+0.3 5.0+0.3 5.0+0.3 4.0+0.3 3.0+0.3
smooth, with with large | with large
Surface without | with cracks | significant g g
o 0.05 cracks cracks
condition cracks cracks
5.0£0.1 4.640.1 3.940.1 3.0+0.1 2.040.1
Color of the 0.05 light light light light light
crumb ' 5.0+0.1 5.0+0.1 4.7+0.1 4.5+0.1 4.0+0.1
Porasity even, small even, small even, small not not
structure 0.09 thin-walled | thin-walled | thin-walled | developed | developed
4.8+0.3 4.8+0.3 4.8+0.3 3.540.3 3.0£0.3
Elasticity of the 012 elastic elastic elastic not elastic | not elastic
crumb ' 4.8+0.1 5.0+0.1 5.0+0.1 4.0+0.1 4.0+0.1
inherentin | inherentin | inherentin | inherentin | inherentin
Aroma 0.11 the product | the product | the product | the product | the product

4.6+0.3 4.840.3 4.8+0.3 4.8+0.3 4.8+0.3
inherentin | inherentin | inherentin | inherentin | inherentin

Taste 0.13 the product | the product | the product | the product | the product
4.8+0.3 4.8+0.3 4.8+0.3 4.8+0.3 4.8+0.3
good good good good good

Chewiness of

0.10 chewiness | chewiness | chewiness | chewiness | chewiness
the crumb

5.0+0.1 5.0+0.1 5.0+0.1 5.0+0.1 5.0+0.1
97.2+0.2 96.0+0.2 90.0+0.2 77.2+0.2 69.2+0.2

Score (out of
100 points)

The analysis of baked products indicates the appearance of cracks on the surface of
samples with 20—40% replacement of wheat flour with rice flour. There is also a de-
crease in specific volume, porosity and dimensional stability, which was established in
previous studies ([Ipo6or, LlleBuenko, & JlitBunuyk, 2021).

Expert assessment and sensory indicators of the products indicated that in order to
obtain bakery products of high quality and complete in terms of amino acid composi-
tion, it is worth replacing about 20% of wheat flour with rice flour.

Conclusions

Rice flour contains less amount of total protein than wheat flour, but it is more com-
plete. It was established that the limiting amino acid of wheat flour is lysine, the amino
acid score of which is 0.44, inrice flour it is 6.92. The limiting amino acid of rice flour
is tryptophan, the amino acid score of which is 1.61. This indicates that rice flour is
complete in terms of amino acid composition, since the amino acid score of the limi-
ting amino acid is more than 1.

The content of raw gluten decreased when replacing part of the wheat flour with
rice flour by 21.6—55.6% with an increase in the percentage of replacement. The elas-
ticity, hydration capacity of gluten and its extensibility also decreased.

The limiting amino acid in all bread samples is lysine, but in the control sample its
amino acid score is 0.46, while with an increase in the percentage of replacement of
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wheat flour with rice flour, it increased to 0.82—2.10. In the sample with the replace-
ment of 20% flour and more, the amino acid score for lysine exceeds 1, which means
that the protein of these samples is complete.

Considering the obtained results, it is worth replacing about 20% of wheat flour
with rice flour.
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