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OPTIMIZATION OF THE COMPOSITION AND
PROPERTIES OF BAKERY PRODUCTS

Abstract

The article is devoted to the study of the properties of bakery products, in particular the choice of the optimal concentra-
tion of flaxseed cake in baguettes in order to ensure maximum caloric content. It is known that bakery products are necessary for a
person to ensure his health and ability to work. The range of food products, in particular bakery products, is constantly growing. The
analysis of the range of bakery products showed that the market is experiencing a shortage of flour products for dietary, therapeutic
and prophylactic and special purposes for different groups, and their share in total production does not exceed 1-2%. The problem of
food production is becoming more complicated and exacerbated by increasing consumption, declining natural resources of food raw
materials and the presence of specific anti-nutrients. The article describes the characteristics of anticancer substances in food, which
belong to the groups of phytosterols and lignans.

The article presents the results of optimizing the composition and properties of wheat baguettes with the addition of linen
cake, flaxseed meal. The recipe of bread with the inclusion of linen cake in the amount of 1 to 15% was developed. The nutritional
value and caloric content of bread are calculated, its characteristics are given according to the main organoleptic indicators of qual-
ity (product surface, color and thickness of the crust, as well as the condition of the crumb). The effect of the percentage of flaxseed
meal on the moisture and acidity of bread samples was studied. It is established that with the increase of the content of flaxseed meal
the protein content increases, the carbohydrate content decreases, the fat content and the amount of unsaturated fatty acids increase.
As the content of linen cake in bread increases, the amount of unsaturated fatty acids increases and its caloric content decreases, and
its nutritional value increases.

The use of flax seeds and products of their processing in the formulation of bakery and confectionery products can increase
their biological value and physiological efficiency due to the content of anticancer substances, fibers, micro- and microelements,
proteins and essential amino acids. Trial laboratory baking of baguettes showed that the optimal content of linen cake is 5% by
weight of wheat flour, which allows you to get bread that meets the standards and does not require changes in technological parame-
ters, which are set for the product without additives.

Key words: functional food products, bread, flax seeds, flaxseed cake (FC), flaxseed meal (FM).

Introduction The development of modern industrial produc-
Bakery products are necessary for a person to tion in some way has a negative impact on the environ-

ensure his health and efficiency. The range of food prod- ment and, consequently, on the normal functioning of the
ucts, including bakery products, is constantly growing human body. Emissions from industrial plants contain
[1]. various hazardous substances with potentially carcino-
Human health is determined primarily by the genic effects, including heavy metals, radionuclides, food
consumption of products that are able to regulate physio- contaminants (dioxins, organochlorine compounds,
logical processes in the body. To this end, every year the mycotoxins), so human food must contain substances
raw material base of the baking industry expands through that would perform protective functions. Currently, more
the use of various types of non-traditional raw materials, than 500 plant components have been identified, the abil-

including products of flax seed processing, as a source of ity to inhibit the development of tumor processes in the
fats, proteins, dietary fiber. according to the latest data, in body. Characteristics of anticancer substances in food are
order to fully meet the needs of life, a person's diet presented in table 1 [5].

should contain more than 20 thousand different food Currently, work is underway to find vegetable
components of plant, animal and microbial origin. Func- raw materials that can increase the nutritional value of
tional foods are foods that are part of the normal human bakery and confectionery products, improve their quality
diet, which in addition to nutritional properties have the due to the additional introduction of high-protein prod-
ability to positively affect certain body functions, so that ucts: cake and meal. The introduction of flax seeds and
their regular use reduces the risk of chronic diseases. products of their processing in the recipe of bakery and
Such products have a high biological value, ie have a confectionery products will increase their biological val-
balanced content of essential amino acids, polyunsaturat- ue and biological efficiency [6].

ed fatty acids, lipoids, polyphenolic compounds, vitamins Today, flax seeds are used as a biologically ac-
and minerals. It is the presence of functional foods that tive additive for the enrichment of bakery products, as
makes it possible to ensure the normal growth and devel- well as raw materials for oil and such high-protein by-

opment of the human body, its health, efficiency and products as cake and meal [7].
creative activity [2-4].

28



Grain Products and Mixed Fodder’s, Vol.20, 1.3 (79) / 2020

\

Table 1 — Characteristics of anticancer substances in food

Group of substances

Examples of compounds or groups of

The main food sources

compounds
Phytosterols [-sitosterol, stigmasterol, campesterol All unrefined vegetable oils, soy, oats, ama-
ranth; vegetables fruits
Isoflavones Ginestein, formanonetin Soybeans and other legumes, sunflower seeds,
dates, cabbage, hops
Lignans Matairesinol, secoisolacyresinol Seeds of flax, sesame, pumpkin, bran, rye,

nuts, cherries, apples, parsley, carrots, garlic

Flax seeds are characterized by a sufficient con-
tent of proteins and fat, the total amount of which is 66-
68% of the total mass (chemical composition is presented
in Table 2).

Table 2 — Chemical composition of flax seeds, %
Indicators Contents, %
Humidity 9,26+0,08
Fat 36,55+0,09
Protein 30,65+0,22
Sugar 4,43+0,11
Hemicellulose 7,80+0,15
Cellulose 13,30+0,22
Ash 4,18+0,32

It is known that flaxseed oil is a source of poly-
unsaturated essential fatty acids (PNFA) - 65-90 %, of
which 55-70 % is linolenic acid, which belongs to the
family ®-3, and 10-20 % - linoleic acid, ® -6. The fatty
acid composition of linseed oil is shown in table 3 [8].

Table 3 — Fatty acid composition of linseed oil
Fatty acids Contents, %
Palmitic 5,0
Stearic 3,0
Arachidic 0,7
ITansmeToseiHoBa 0,3
Oleic 16,0
Linoleic 15,0
Jlinonenosa 60,0

Flax seeds contain the following biologically
and physiologically active substances: polyunsaturated
fatty acids of the »-3 family, soluble dietary fiber in the
form of mucus and lignans that have a phytoestrogenic
effect. The protein content in flax seeds is in the range of

20-30%, and in the proteins themselves a small amount
of lysine, but they have a high coefficient of digestibility
(89.6%) and biological value (77.4%). In addition, flax-
seed proteins are rich in sulfur-containing amino acids —
cysteine and methionine, which have antioxidant and
geroprotective properties [9].

Flax seeds contain lignans - most of them are
contained in the shell of flax seeds (800 pg / g). Lignans
differ in many functional properties, such as: antiviral,
antibacterial, antifungal, antioxidant (more powerful than
vitamin E), phytoestrogenic and oncoprotective. The
human intestinal microflora converts plant lignans into
two substances - enterolactone and enterodiol, which are
means of protection against cancer [5].

Flaxseed protein has the full composition of es-
sential amino acids for the human body, because flax-
seed, which is eaten, does not require pre-heat treatment,
which leads to changes in the protein molecule. In this
regard, it retains its biological activity and is a valuable
raw material for protein products [10].

According to the data presented in the article
[11], the protein fractions of flax seeds contain a com-
plete set of amino acids, which confirms their high bio-
logical value: arginine, leucine, valine, phenylalanine and
threonine.

Due to the valuable chemical composition of
flax, in the last decade in the developed world there is an
active consumption. In the food industry for the manu-
facture of various food products use whole and crushed
flax seeds, flaxseed flour, linseed oil and secondary
products of its processing - cake and meal [12].

The experimental part

Trial laboratory baking of baguettes with re-
placement of wheat flour with flaxseed cake (FC) was
carried out under the same conditions and analyzed in
quantities of 1; 2; 3; 4; 5; 10 and 15% (Table 5) obtained
samples of bread.

Table 5 — Recipe for bread samples

Ingredient CI Control || 1% FC | 2% FC | 3% FC | 4% FC | 5% FC | 10% FC | 15% FC
Flour kg | 0,350 | 0,3465 ][0343 [ 03395 [[0336 | 0333 | 0315 0,298
Flaxseed cake kg |- 0,0035 [ 0,007 [0,0105 [[0,014 [0017 0,035 0,052

(LO)

Salt kg 0,007 0,007 0,007 0,007 0,007 0,007 0,007 0,007
Yeast kg 0,007 0,007 0,007 0,007 0,007 0,007 0,007 0,007
Sugar kg 0,004 0,004 0,004 0,004 0,004 0,004 0,004 0,004

Oil kg 0,004 0,004 0,004 0,004 0,004 0,004 0,004 0,004
Water (10-12 °C) || kg 0,193 0,193 0,193 0,193 0,193 0,193 0,193 0,193
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Table 6 — Estimated nutritional value of bread samples

Sample Control 1% FC 2% FC 3% FC 4% FC 5% FC 10% FC 15% FC

Proteins 7,01 7,08 7,14 7,18 7,16 7,11 7,52 7,81

Fat 1,52 1,58 1,63 1,67 1,70 1,72 1,98 2,21

Carbohydrates || 47,36 46,80 46,15 45,34 44,22 43,12 40,80 38,23
Table 7 — Caloric content of bread samples

Sample Control | 1% FC ||2%FC ||3%FC | 4%FC | 5%FC | 10%FC | 15% FC

Caloric content, kcal/100 g || 231 230 228 225 221 216 211 204
Table 8 — Characteristics of bread samples

Indicator Control 1-5% FC 10% FC 15% FC

g“ss ofbread, | 5, 529, 532, 537, 546,556 | 562 574

Form Correct, symmetrical, has a convex upper crust without lateral inflows Not symmetrical, has a

convex upper crust
without lateral inflows

The surface of | - Smooth, slightly - Almost smooth, slight- || - Almost smooth, - Almost smooth,
the product shiny; ly shiny; slightly shiny; slightly shiny;
- without cracks and - with a crack along the | - without cracks and - with cracks and hol-
tears; upper face, but without tears; lows;
- not contaminated gaps; - not contaminated - not contaminated
- not contaminated
Crust color - uniform, not pale, - not uniform (with pro- | - not uniform(with - not uniform(with
not burnt; nounced spots — inclu- pronounced spots — pronounced spots —
- yellow sion of FC), not pale, inclusion of FC), not inclusion of FC), not
not burnt; pale, not burnt; pale, not burnt;
- light brown - light brown, but - dark brown
darker, than previous
Crust
thickness, mm 1,5-2 1,5-2 1-1,5 1-1,5

Crumb Almost uniform, small, thin-walled porosity with small cavities. The size of the pores decreases
condition slightly with increasing of FC content. No signs of hardening, no outside inclusions in the form of
lumps.
Color — white. | Color — grey. | Color — dark. | Color — dark.
Well baked, not sticky or moist.
Soft, elastic Soft, elasticity -medium | Not very soft, elastici- | Not very soft, elastici-
ty — medium ty — medium
Taste normal normal
Smell Corresponds to the product, no foreign odors

Table 6 shows the estimated nutritional value of
bread samples, provided that the nutritional value of the
components per 100 g is as follows: wheat flour h/g -
proteins 10.3, fats 1.1 g, carbohydrates 70.0; LV - pro-
teins 25.5 g, fats 10.0 g, carbohydrates 12, 0; salt and
water - proteins 0 g, fats 0 g, carbohydrates 0 g; yeast -
proteins 12.7 g, fats 2.7 g, carbohydrates 8.5 g; sugar - 0
g of proteins, 0 g of fats, 99.9 g of carbohydrates; oil -
proteins 0 g, fats 99.9 g, carbohydrates 0 g.

As the FC content increases, the protein content
increases, the carbohydrate content decreases, the fat
content and the amount of unsaturated fatty acids in-
crease. This changes the ratio of various carbohydrates
and fatty acids in fats, amino acids in proteins. With in-
creasing FC content, the amount of unsaturated fatty ac-
ids increases.

30

Table 7 shows the caloric content of bread sam-
ples containing FC.

The introduction of FC reduces the caloric con-
tent of the finished product and improves its nutritional
value due to unsaturated fatty acids, fiber, vitamins and
minerals contained in the cake.

Table 8 shows the characteristics of bread sam-
ples.

According to GOST 27842-88 all samples al-
most correspond to norms. There should have been no
cracks [13].

Table 9 shows the results of determining the
moisture content of bread samples. The results show Fig-
ure 1 that the moisture content of bread increases slightly
with increasing FC content, which is due to the high wa-
ter holding capacity of flax cake.
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Table 9 — The results of determining the moisture content of bread samples

Sample Control 1% FC 2% FC 3% FC 4% FC 5% FC 10% FC || 15% FC
Humidity, % | 42,49 42,51 42,74 42,81 43,3 43,54 44,76 44,76
Table 10 — The results of determining the acidity of bread
Sample Control 1% FC 2% FC 3% FC 4% FC 5% FC 10% FC [ 15% FC
Sourpuss, % || 0,84 0,95 0,95 0,95 1,05 1,16 1,16 1,27
45 the acidity, we can conclude

The moistura content of bread samples, %

Contrel, 0%
FC

1% FC 2% FC 3% FC

1% FC

Concent FC, %

Fig. 1. Dependence of bread moisture on the content of flax cake

= o = - =
= o =) - (¥ =

The acidity of breads, °T.

=
[

Control, 0%
FC

Concent FC, %

Fig. 2. Dependence of bread acidity on the content of flax cake

According to GOST 27842-88, the moisture
content of wheat bread (from high-grade flour) should
not exceed 44 % [13]. Samples for the introduction of FC
up to 5 % inclusive meet the norm, and with the subse-
quent introduction of the FC humidity is slightly above
normal.

The acidity of bread samples was also deter-
mined, the results of the study are shown in table 10 in
figure 2.

Total acidity is characterized by the total content
of acids and acid-reactive substances. The acidity of
bread is due to the presence in it mainly of lactic and
acetic acids, which are formed during the fermentation of
the dough [14]. According to the results of determining

43,5
43
4,5
42
41,5
1

5% FC

that the introduction of FC has
almost no effect on the acidity
of bread. All samples meet the
acidity standards in accordance
with GOST 27842-88 (acidity
for wheat bread should not
exceed 3 degrees [13]).
According to the ob-
tained characteristics of the
experimental samples of bread,
the optimal content of FC is
5% by weight of flour in the
recipe. Studies have shown that
the addition of FC in the opti-
mal concentration reduces the
caloric content of bread and
improves its nutritional value
due to unsaturated fatty acids,
fiber, vitamins and minerals
contained in flaxseed meal.

10% FC 15% FC

Conclusions

Bakery products are
necessary for a person to en-
sure his health and efficiency.
The range of food products,
including bakery products, is
constantly growing. To address
this need, flax seeds and prod-
ucts of their processing are
introduced into the recipe of
bakery and  confectionery
products, which will increase
their biological value and phys-

15%

iological efficiency.

Flax seeds contain anticancer substances, fibers,
micro- and microelements, proteins that are necessary for
the functioning of the body, as well as essential amino
acids that affect the assimilation of the product by the
body.

10% FC

According to the results of the experiment, it
can be argued that the introduction of FC in quantities
not exceeding 5 % by weight of wheat flour produces
bread that meets the standards and does not require
changes in technological parameters set for the product
without additives.
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OIITUMIBAIIISI CKJIAZY I BIACTUBOCTEM
XJIIBOBYJIOYHUX BUPOBIB

Anomauisn

Cmamms npucesuena 8uueHHIo 1acmusocmell Xai600y104HUx 8upoobis, 30kpema 8ubopy ONMUMATLHOT KOH-
YEeHMPayii IIAH020 HCMUXA 8 Oazemax 3 Memoio 3a0e3neyeHHs MaKCUMalbHol Kaiopitunocmi. Bioomo, wo xaioobynouni
B8UPOOU HeoOXIOHI 1T00UHI 015 3a0e3neyents il 300pos8’si ma npaye30amHocmi. Acopmumenm xapiosux npooyKkmis, 30-
Kpema xnibobyroynux eupoobis, nocmiino spocmac. I[Iposedenuil ananiz acopmumenmy Xaioo0y10uHux eupodie noxa-
308, WO HA PUHKY 8I0YYBAEMbCS NesHULL Oeqhiyum 6OPOUHAHUX UPODIE DIEMUYHO20, TIKYBANbHO-NPOYIIAKMUYH020 MA
cneyianbHo20 NPUHAYEeHHs O PIZHUX 2PYN HACEACHHS, | IXHS 4aCmKaA 8 30a2aNbHOMY 00CA3I 8UPOOHUYMEA He nepesu-
wye 1-2 %. Ilpobrema upodbHuymea xapuosux npooyKmie 0eoai YCKIAOHAEMbCS | 3a20CMPIOEMbCS Hepes 3pOCHAHHS
CROJICUBAHHS, 3MEHULEHHS NPUPOOHUX Pecypcié Xapuo6oi cupoUHU Mda NPUCYMHICMIO CNEYUDIYHUX AHMUNONCUBHUX
peuosun. B cmammi nasedena xapaxmepucmuka aHMUKAHYEPOLEHHUX PEYOBUH Y NPOOYKMAX XAPYYE8AHHS, AKI 8IOHO-
cAmbesi 00 epyn Pimocmepunie i ieHaHIs.

B cmammi npeocmasneno pesynromamu onmumizayii ckrady i eracmusocmert nuleHUuHUx bazemis 3 000a8am-
HAM AAHOT MaKkyxu. Po3pobnena peyenmypa xui0y 3 6Kkit0UeHHAM JAAHOI MaKyxu y Kinekocmi 6i0 1 0o 15 %. Pospaxo-
8aHI Xap408a YIHHICMb Ma KAIOPItHiCMb X1ibad, HAOAHA 11020 XAPAKMEPUCMUKA 3d OCHOBHUMU OP2AHONeNMUYHUMU
NOKA3HUKAMU AKOCMI (N08epXHA 8UpOOY, KOMIp i MOBWUHA CKOPUHKU, A MAKOXC CMaH M akyuiku). /locniodceno eniug
8I0COMKY 86e0eHHs ISIHOI MAKYXU HA 60]102ICMb I KUCIOMHICMb 3pA3Kie Xuioy. Bcmanosneno, wo 3i 30iibuienHam emi-
CMYy JISIHOT MAKYXU 30i16ULYEMbCSL 6MICT OIIKY, 3MEHULYEMbCS BMICH 8Y211€800i8, 30ITbULYEMbCSL BMICI JCUPIE A Kilb-
KICMb HEeHACUYEHUX HCUPHUX KUCTOM. 3i 30LIbUEeHHAM 8MICMY JUIAHOT MAKyXu 6 Xai0i 30L1bUYEMbCsl KITbKICMb HEeHACU-
YEHUX JHCUPHUX KUCTOM MA 3BMEHULYEMBCSL 11020 KAOPIUHICMb, NI08UWYEMbCS XAP106a YIHHICID.

Burxopucmanns wnacinns 1oony i npodykmis ix nepepobru 6 peyenmypi Xai600y104HUX | KOHOUMEPCOKUX UPO-
618 0038015€ nidsuwumu ix 6I0N02IMHY YIHHICMY [ QI3I0N02IUHY eheKMUBHICMb 30 PAXYHOK 6MICMY AHMUKAHYEPO2eH-
HUX PeYOBUH, BOJIOKOH, MIKPO- I MIKpOeNeMeHmIs, OLIKI@ ma He3aMmiHHux aminoxuciom. IIpobna nabopamopha suniuka
bazemie noxkasana, wo ONMUMATLHUT 6MICI JLIAHOL MAKYXU ckaaoae 5 % 6i0 Macu NueHuyHo20 60pouiHa, Wo 00380A€
ompumamu X6, aKuil 8i0nosioac Hopmam i He nompebye 3MiH MEXHOI02TUHHUX NAPAMEMPIB, AKI 6CMAHOBIEHO O GU-
poby be3 sHecenHs: 000asKu.

Kniouosi cnosa: gpynxyionanvui xapuosi npooykmu, Xaio, HACIHHA TbOHY, TbHAHA MAKYXA.
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