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Annomayun. Hsyueno enuanue pacmumenvHvlx 000a60K (U307AmMa 20poxX06020 OeiKa,
MYKU SOJIOYHOU, MYKU U3 NPOPOUSEHHOU 3el1eHOU 2PeuHeBol KpPYNnbvl, MYKU U3 NPOPOUWEHHOLU
OBCAHOU KPYNbl, HOPOWIKA U3 BbINCUMOK POCMKO8 NUEHUYbl) HA KUCIOMHOCMb Mmecma
NUWEHUYHO20 XNeba U NUEeHUYHO-pICcano2o Xieba. B pesynvmame npoeedennvix uccie0osanuil
YCMAHOBIIEHO, ymo  pacmumeinvbHvle — 000A6KU  CHOCOOCMEYIOM — UHMEHCUUKayuu
HCUBHEOESAMENbHOCU OPOHCIHCEU U KUCTOMOoOpaszyoujeti. MUKpopiopsvl, 3mo ulpaxcaemcs 8
bonvuiem obveme, nyyuieti OPOOUTLHOU AKMUBHOCMU U KUCLIOMHOCMU mecma, OAHHbLL (axkm
8epOSIMHO c653aH ¢ Oolee ONAONPUAMHBIM COCMABOM NUMAMENbHBIX 8EUWeCE PACMUMETbHBIX
000a80K. Yeenuuenue cooepicanusi pacmumenbHulX 000A60K 8 UHZpeOUeHmHOM cocmase Xneba
cnocobcmeyem NOGbIUEHUIO KUCTIOMHOCMU Mecma No CPAGHEHUI0 ¢ KOHMPOTIbHLIMU 00pA3yamu.
Bseoenue 6 peyenmypy xneba myku sO104YHOU U CMeCU U30AAMA 20POX08020 OenKa U MYKU
AONOYHOU NPUBOOUM K POCMY HAYANLHOU KUCIOMHOCMU NO CPABHEHUINO C KOHMPOJIbHbIMU
oopasyamu 6 cpedHem Ha 1,5 epad npu coxpameHuu OUHAMUKU 8 Npoyecce OPONCEeHUs], UMO
A6NAEMCA  OCHOBAHUEM O]  COKPAWEHUs NPOOOJHCUMENbHOCTIU  MEXHOL0SUYeCKo20 YUKIA.
Kucnomnocms mecma 06paszyo ¢ uzonamom 2opoxo6o2o 6enxa u MyKu u3 npopoujeHHol 3e1eHoll
2peuHesoll Kpynvl nogvluiaemcs 8 cpeonem Ha 1 epad. IIopowox u3 8bloCUMOK POCMKO8 NULEeHUYbL,
cMech MYKU U3 NPOPOUEHHOL 08CAHOU KPYNbL U MYKU U3 NPOPOUEHHOU 3eIeHOU 2peyHesoli KpYnbl,
MYKA U3 NPOPOWEHHOU OBCAHOU KPYNbl HE3HAUUMENbHO YEenuyusalom KuclomHOCMb mecma
NUEHUYHO20 U NUEHUYHO-PIHCAHO20 X1eba.

KiaoueBble cioBa: xie0 NIIEHUYHBIA, XJeO MIIEHUYHO-PKAHOM, H3OJIAT TOPOXOBOTO
Oenka, Myka s0J04YHas, MyKOW M3 MPOPOILEHHOW 3eleHOM TIPEeYHEBOM KpyIbl, MyKa U3
MIPOPOIIEHHON OBCSHOW KPYIIBI, IIOPOIIOK M3 BBDKMMOK POCTKOB IMIICHHUIIBI, TECTO, KHCIIOTHOCTD
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DuHAHCHUPOBAHME: paOOMA BbINONHANACL 8 PAMKAX Peanu3ayuu HaAy4HO-MeXHUYECKUX U
UHHOBAYUOHHBIX NPOEKMO8 8 UHMEpPecax Nepeoco KIUMAMU4ecKo2o HAy4HO-00pa308amenbHO20
yenmpa Mupogo2o yposHs «Enucelickaa Cubupbvy (coémecmHo ¢ cyObeKmamu pearbHO20
cekmopa skonomuxku u AHO «Kopnopayua pazsumus FEnucetickou Cubupu») Ha memy:
«Paspabomka Hayumo 000cHO8aHHOU peyenmypvl U MEXHOIO2UU UIOKOBOU 3AMOPO3KU
X1e600yNIoYHbIX U30enull U Xaeba OAUMenbHO20 CPOKA XPAHeHUs, HNOBbIUEHHOU NUesoll
YeHHOCmU C UCNONb308AHUEM NPOOYKMO8 Nepepadomku U3 pecUuoHAlIbHO20 PACmUmMenbHO20
coipvsi  Kpacnospckoeo kpasy. » Hccnedosanue 6binoiHeno npu  QUHAHCOBOL NOO0OepicKe
Cmpamezuueckozo npoexma «I acmponomuueckuti RnD Parky IIpoepammer pazeumus @I'OC BO
«Cubupckuii ghedepanvuwiii ynusepcumemy Ha 2021-2030 200bi.

Abstract. The influence of vegetable additives (pea protein isolate, apple flour, sprouted
green buckwheat flour, sprouted oatmeal flour, wheat germ pomace powder) on the acidity of
wheat bread dough and wheat-rye bread was studied. As a result of the research, it was found that
herbal supplements contribute to the intensification of the vital activity of yeast and acid-forming
microflora, this is expressed in a larger volume, better fermentation activity and acidity of the
dough, this fact is probably associated with a more favorable nutrient composition of herbal
supplements. An increase in the content of vegetable additives in the ingredient composition of
bread contributes to an increase in the acidity of the dough compared to control samples. The
introduction of apple flour and a mixture of pea protein isolate and apple flour into the bread
recipe leads to an increase in initial acidity by an average of 1.5 degrees compared to control
samples, while maintaining dynamics during the fermentation process, which is the basis for
reducing the duration of the technological cycle. The acidity of the test samples with pea protein
isolate and flour from germinated green buckwheat increases by an average of 1 deg. Wheatgrass
pomace powder, a mixture of germinated oatmeal flour and germinated green buckwheat flour,
germinated oatmeal flour slightly increase the acidity of wheat and wheat-rye bread dough.

Keywords: wheat bread, wheat-rye bread, pea protein isolate, apple flour, sprouted green
buckwheat flour, sprouted oatmeal flour, wheat germ pomace powder, dough, acidity
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Introduction. Currently, retail chains offer a wide range of bread and bakery products.
This group of products is mainly a source of carbohydrates, vitamins (group B, PP), minerals
(sodium, magnesium, etc.), but despite this, bread and bakery products have a number of
disadvantages: bread proteins are not balanced in the content of essential amino acids (lysine,
threonine), the carbohydrate composition of wheat bread made from premium flour is mainly due
to starch and there is practically no dietary fiber in it, the introduction of various types of seeds
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into the recipe helps to increase the energy value of bread and bakery products, the protein content
in rye-wheat bread is lower, than in wheat. Therefore, research aimed at developing new recipes
for enriched bread is relevant. Targeted combination of various types of plant raw materials will
make it possible to create bread and bakery products that are balanced in basic nutrients [1, 2, 3, 4,
5,6,7,8,9, 10]. As a promising source of proteins and dietary fiber, products from the processing
of plant raw materials can be considered - pea protein isolate, apple flour, sprouted green
buckwheat flour, sprouted oatmeal flour, wheat sprout powder.

The addition of plant additives to the bread recipe affects the quality of the finished bread
and its quality directly depends on the accumulation of acids during the ripening process of the
dough. During the fermentation process of the dough, the organoleptic (taste, aroma) and
physicochemical (acidity, porosity) properties of the finished bread are formed. The accumulation
of organic acids, products of the interaction of acids with other dough substances (alcohols)
determine the taste, aroma, acidity, and porosity of the finished bread. Changing the acidity of the
dough affects the activity of yeast cells. An increase in the acidity of the dough depends on the
intensity of accumulation of organic acids and carbon dioxide in it with the formation of carbonic
acid [11, 12, 13]. Therefore, research related to the study of the influence of plant additives
introduced into the recipe on the acidity of the dough is of particular relevance in the process of
developing new recipes for bread and bakery products.

Materials and research methods. Recipes have been developed for wheat and wheat-rye
bread with the addition of plant additives (pea protein isolate, apple flour, sprouted green
buckwheat flour, sprouted oatmeal flour, wheat sprout powder). Plant additives were introduced to
enrich bread with proteins, dietary fiber and reduce its energy value by replacing part of the
premium flour with plant additives in the following quantities: 2.5%, 5%, 7.5% of the total
amount of premium flour provided for in the recipe. Control samples of wheat and wheat-rye
bread do not contain vegetable additives.

Research objects: wheat bread (control sample), wheat bread with pea protein isolate,
wheat bread with apple flour, wheat bread with pea protein isolate and apple flour, wheat bread
with sprouted green buckwheat flour, wheat bread with sprouted oatmeal flour cereals, wheat
bread with sprouted oatmeal flour and sprouted green buckwheat flour, wheat bread with wheat
sprout powder, wheat-rye bread (control sample), wheat-rye bread with pea protein isolate, wheat-
rye bread with apple flour, wheat-rye bread with pea protein isolate and apple flour, wheat-rye
bread with sprouted green buckwheat flour, wheat-rye bread with sprouted oatmeal flour, wheat-
rye bread with sprouted oatmeal flour and flour from sprouted green buckwheat, wheat-rye bread
with wheat sprout powder.

The ingredients included in the bread must meet the requirements of current regulatory
documents.

The acidity of the dough of control samples and samples with plant additives was
determined by the well-known method [14].

The purpose of the work is to study the effect of plant additives on the acidity of wheat
bread dough and wheat-rye bread.

Research results and their discussion. The influence of plant additives (pea protein
isolate, apple flour, sprouted green buckwheat flour, sprouted oatmeal flour, wheat sprout powder)
on the acidity of wheat bread dough and wheat-rye bread was studied.

The dynamics of the acid accumulation process depending on the dosage of pea protein
isolate in comparison with the control sample are shown in Figures 1-2. In the test with increasing
dosage of pea protein isolate, the process of acid accumulation is 1 degree higher compared to the
control sample at all stages of dough fermentation.

88 Bobinyck Ne 3, 2023



Titratable acidity, degrees
w

14

13

12

11

10

Titratable acidity, degrees

Modern Science and Innovations. 2023. No. 3 (43)

30 60 90 120 150 180
Fermentation duration, min
e=@==1 -KOHTPO/Ib =@=2-2,5% 3-5% 4-7,5%

Figure 1. Change in titratable acidity during dough fermentation
depending on the dosage of pea protein isolate in wheat bread:
1—control; 2-25%; 3-5%;4-75%
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Figure 2. Change in titratable acidity during dough fermentation
depending on the dosage of pea protein isolate in wheat-rye bread:
1 —control; 2 -2.5%; 3 -5%; 4 — 7.5%.

The change in the overall acidity of the dough during fermentation indicates that the
addition of pea protein isolate leads to an increase in the initial acidity of the dough. At the stage
of dough maturation, the accumulation of acids in experimental samples is achieved faster.

Figures 3, 4 show the change in acidity during dough fermentation depending on the
dosage of apple flour.
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Figure 3. Change in titratable acidity during dough fermentation
depending on the dosage of apple flour in wheat bread:
1 —control; 2 -2.5%; 3-5%; 4 - 7.5%.
14

H
w
—H
—+H
—

=
N

= [N
o -

(o]

Titratable acidity, degrees

0 30 60 90 120 150 180

Fermentation duration, min
e=@==1 -KOHTPO/NIb =@=2-2,5% 3-5% 4-75%

Figure 4. Change in titratable acidity during dough fermentation
depending on the dosage of apple flour in wheat-rye bread:
1 —control; 2 -2.5%; 3 -5%; 4 — 7.5%.

The presence of organic acids in malic flour leads to an increase in initial acidity by an
average of 1.5 degrees while maintaining dynamics during the fermentation process, which is the
basis for reducing the duration of the technological cycle.

The change in acidity during dough fermentation depending on the dosage of pea protein
isolate and apple flour is presented in Figures 5, 6.
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Figure 5. Change in titratable acidity during dough fermentation
depending on the dosage of pea protein isolate and apple flour in wheat bread: 1 — control; 2 — 5%
(2.5% — pea protein isolate;
2.5% — apple flour).
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Figure 6. Change in titratable acidity during dough fermentation
depending on the dosage of pea protein isolate and apple flour in wheat-rye bread:
1 —control; 2 - 5% (2.5% — pea protein isolate;

2.5% — apple flour).

The effect of flour from sprouted green buckwheat on the dough fermentation process is
presented in Figures 7, 8. The introduction of flour from sprouted green buckwheat into the dough
helps to increase the titratable acidity compared to the control sample, which in turn helps to
accelerate the fermentation process of the dough.

Issue No. 3, 2023 91



CoBpemMeHHast Hayka 1 nHHOBaruu. 2023. Ne 3 (43)

T é ! :
5 - X - ==
4 ——
4 — —

Titratable acidity, degrees

0 30 60 90 120 150 180
Fermentation duration, min
e=@==1] -KOHTPO/Ib =@=2-2,5% 3-5% 4-75%

Figure 7. Change in titratable acidity during dough fermentation
depending on the dosage of flour from sprouted green buckwheat in wheat bread: 1 — control; 2 —
2.5%; 3-5%; 4 - 7.5%.
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Figure 8. Change in titratable acidity during dough fermentation
depending on the dosage of flour from sprouted green buckwheat in wheat-rye bread: 1 — control; 2 -
2.5%; 3 -5%; 4 - 7.5%.

The change in titratable acidity during dough fermentation depending on the dosage of
sprouted oatmeal flour is shown in Figures 9, 10, and when a mixture consisting of sprouted
oatmeal flour and sprouted green buckwheat flour is introduced into the dough in Figures 11, 12.
By introducing sprouted oatmeal flour and a mixture consisting of sprouted oatmeal flour and
sprouted green buckwheat flour into the dough, the titratable acidity of the dough increases
slightly compared to the control sample.
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Figure 9. Change in titratable acidity during dough fermentation
depending on the dosage of sprouted oatmeal flour in wheat bread: 1 — control; 2 — 2.5%; 3 —5%; 4 —
7.5%.
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Figure 10. Change in titratable acidity during dough fermentation

180

depending on the dosage of sprouted oatmeal flour in wheat-rye bread: 1 — control; 2 — 2.5%; 3 — 5%;

4 —7.5%.

Issue No. 3, 2023

93



CoBpemMeHHast Hayka 1 nHHOBaruu. 2023. Ne 3 (43)

4,5

35 +M
3 ++‘%/§

2,5

1,5

Titratable acidity, degrees

0,5

0 30 60 90 120 150 180
Fermentation duration, min
«=@==1 -KOHTPO/1b

=@= 2 — 7,5 % (2,5 % — MyKa 13 NPOPOLLEHHOWN 3e/IeHOI1 rPeYyHeBoM Kpynbl; 5 % — MyKa U3 NPOPOLLEHHON OBCAHOM
Kpynbl)

Figure 11. Change in titratable acidity during dough fermentation
depending on the dosage of a mixture of sprouted oatmeal flour and sprouted green buckwheat flour
in wheat bread: 1 — control; 2 — 7.5% (2.5% — flour from sprouted green buckwheat; 5% — flour from sprouted
oatmeal).
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Figure 12. Change in titratable acidity during dough fermentation
depending on the dosage of a mixture of sprouted oatmeal flour and sprouted green buckwheat flour
in wheat-rye bread: 1 — control; 2 — 7.5% (2.5% — flour from sprouted green buckwheat; 5% — flour from
sprouted oatmeal).
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The effect of wheat sprout powder on titratable acidity during dough fermentation was
studied; the results are presented in Figures 13, 14. Samples with the addition of wheat sprout
powder are closest in titratable acidity to the control sample.
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Figure 13. Change in titratable acidity during dough fermentation
depending on the dosage of powder from wheat sprouts in wheat bread: 1 — control; 2 — 2.5%.
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Figure 14. Change in titratable acidity during dough fermentation
depending on the dosage of wheat sprout powder in
wheat-rye: 1 — control; 2 — 2.5%.

Conclusion. The use of herbal additives promotes the intensification of the vital activity of
yeast and acid-forming microflora, this is expressed in a larger volume, better fermentation
activity and acidity of the dough, this fact is probably associated with a more favorable
composition of nutrients of the herbal additives introduced. An increase in the content of plant
additives in the ingredient composition of bread helps to increase the acidity of the dough
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compared to control samples. The introduction of apple flour and a mixture of pea protein isolate
and apple flour into the bread recipe leads to an increase in initial acidity compared to control
samples by an average of 1.5 degrees while maintaining dynamics during the fermentation
process, which is the basis for reducing the duration of the technological cycle. The acidity of the
dough of samples with pea protein isolate and sprouted green buckwheat flour increases by an
average of 1 degree. Wheat sprout powder, a mixture of sprouted oatmeal flour and sprouted green
buckwheat flour, sprouted oatmeal flour slightly increase the acidity of wheat and wheat-rye bread
dough.
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