&X 3epHoBi npoaykTH i kombikopmu, Vol.24, 1.1 (93) / 2024

UDC [637.334 : 664.14] n@—@— A Open Acess
DOI https://doi.org/10.15673/gpmf.v24i1.2837
O. Bilyk, Candidate of Technical Sciences, Professor, £-mail: bilyklena@gmail.com,
ORCID: http://orcid.org/0000-0003-3606-1254, Researcher ID M-6190-2018, Scopus Author 1D 57189379639
O. Kruglyak, E-mail: krugliak_alexandr@ukr.net
ORCID: http://orcid.org/0009-0004-3616-8996
Y. Bondarenko, Candidate of Technical Sciences, Associate Professor, E-mail: bjuly@ukr.net
ORCID: http://orcid.org/0000-0002-3781-5604, Researcher 1D E-8405-2019, Scopus Author ID 57194707586
Kochubey-Lytvynenko O.V., Doctor of Technical Sciences, Professor, £-mail: okolit@email.ua,
ORCID: https://orcid.org/0000-0003-0712-448X, Researcher ID D-7284-2019, Scopus Author ID 57189381380
A. Zabroda, E-mail: zabroda6@gmail.com
ORCID: https://orcid.org/ 0009-0001-2100-1235
National University of Food Technologies, 68, Volodymyrska street, Kyiv, 01601, Ukraine, Tel. +380973337326

THE USE OF LECITHIN OF ORGANIC ORIGIN
IN THE TECHNOLOGY OF BAKERY PRODUCTS

Abstract

The production of bakery products of organic origin has limitations in the use of various ingredients, first of all, 95% of the
recipe composition should be of organic production. Organic low-fat sunflower lecithin LECICO SUN P 400 from the German com-
pany Lecico has appeared on the market of organic products, which makes it possible to expand the possibilities of improving the
quality of bakery products labelled as organic. The purpose of the research is to develop a recipe for an organic loaf with an extend-
ed shelf life by using organic low-fat sunflower lecithin LECICO SUN P 400 from the German company Lecico and to study its effect
on the consumer characteristics of an organic loaf with an extended shelf life. Based on trial laboratory baking and the calculation
of a comprehensive quality indicator, a rational dosage of organic low-fat sunflower lecithin LECICO SUN P 400 in the amount of
0.6 % by weight of flour was established to improve the consumer properties of bakery products. Thus, in the case of adding 0.6 % by
weight of flour, the specific volume increased by 9.1 % compared to the control due to an increase in the specific volume of the
dough and a weakening of the gluten framework with the introduction of organic low-fat sunflower lecithin LECICO SUN P 400. It
was found that the shape stability and porosity of the products are improved. It was found that the use of organic low-fat sunflower
lecithin LECICO SUN P 400 prolongs the freshness of bakery products, namely, the degree of preservation of freshness of the prod-
ucts increases by 1.5 times, which is confirmed by a lower degree of crumbling and the formed sub-crust layer during 72 hours of
storage. Taking into account the rational dosage of organic low-fat sunflower lecithin LECICO SUN P 400, a recipe for the organic
loaf ‘Soniachnyi’ was developed using 100 kg of organic high-grade wheat flour, pressed bakery yeast - 3 kg, table salt - 1.3 kg,
organic sugar - 2 kg, organic peasant sweet cream butter - 2.5 kg, organic low-fat sunflower lecithin LECICO SUN P 400 - 0.6 kg

Key words: organic lecithin, loaf, freshness, organic production, sub-crust layer

Introduction In the organic market, the German company Leci-
In recent years, food consumers have been paying co [6] offers organic low-fat sunflower lecithin LECICO
more and more attention to their choices, opting for SUN P 400, so it is advisable to investigate the use of
healthy, local and fresh food, with a growing interest in organic low-fat sunflower lecithin LECICO SUN P 400
the sustainability of the food chain. In this regard, the in the technology of organic bakery products to improve
production and consumption of organic food is growing consumer characteristics.
globally and will continue to do so in the future to the
extent that the global organic food market is forecast to Literary review
grow [1]. In the bakery industry, surfactants are not used in-
Bakery products are among the products of daily dividually, but as a multicomponent mixture, namely as a
consumption by all segments of the population. The daily phosphatide concentrate. According to the EU regulation,

consumption rate is 277 g per day. Providing the popula- phosphatide concentrates are a mixture of phospholipid
tion with products with high consumer properties is the fractions obtained from animal or vegetable food sub-
main task of bakery companies. One of the main indica- stances by physical methods, in which the content of

tors of the consumer properties of bakery products is the substances insoluble in acetone (namely phospholipids)
freshness of the products during their shelf life. Many is at least 56 % [7]. Phospholipids are considered safe
studies have been devoted to the issue of extending the food additives and can be used without restriction in food

freshness of bakery products [2, 3]. products consumed every day, namely in bakery products
One of the most effective ways to improve the [8].

consumer properties of bakery products is to use food Lecithin is a phospholipid complex containing

additives that positively affect the quality of bread and phosphatidylcholine (lecithin itself), phosphatidylethano-

slow down the staling process [4]. The use of surfactants lamine, phosphatidylinositol and other phospholipids [8].

can be considered one of the most effective methods to By its ionicity, lecithin is an ampholytic surfactant, and

slow down the processes that occur with high-polymer its inclusion in the recipe composition of wheat flour

crumb substances during storage [5]. bakery products significantly affects the quality of the
finished product [9].
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Phosphatide concentrates provide drying of the
dough surface, which increases its elasticity and stability
during machine processing. The interaction of lecithin
with starch and the ability to bind water prolong the
freshness of the crumb [10].

Scientists [11] investigated the possibility of using
lecithins of Ukrainian producers' trademarks. It was
found that their use improves the organoleptic and physi-
cochemical quality of bakery products. It was found that
when dosed with low-fat phosphatide concentrates in the
amount of 0.9 % by weight of flour, bakery products
retain freshness for 72 hours of storage without packag-
ing. Unfortunately, these lecithins are not of organic
origin.

The authors of [12] found that the addition of
0.6% sunflower lecithin resulted in a 25% increase in
loaf volume. The study does not indicate whether this
lecithin is of organic production.

The aim and objectives of the study: to investigate
the use of organic low-fat sunflower lecithin LECICO
SUN P 400 to intensify the technological process, im-
prove the quality of organic wheat flour bakery products
and prolong their freshness.

Materials and methods of research. The following
types of raw materials were used in the study: high-grade
wheat flour (TM ‘Ecorod’, Ukraine), baker's yeast (TM
‘Lviv yeast’, Ukraine), table salt (TM ‘Artemsil’), organ-
ic low-fat sunflower lecithin LECICO SUN P 400 (Leci-
co, Germany), organic sugar (Brand: Ecorod) and organ-
ic sweet creamy peasant butter (TM Organic Milk).

The buns were made from high-grade flour (mass
fraction of moisture - 13.1 %, gluten content - 24 %, IDC
- 85 units. ) according to the recipe for road loaves made
from high-grade wheat flour: high-grade wheat flour -
100 kg, pressed yeast - 1.5 kg (increased to 3.0, salt - 1.3
kg, sugar - 2.0, margarine replaced with peasant sweet
cream butter - 2.5 kg according to the table of inter-
changeability) [13]. The dough was prepared using the
no-bake method. Organic low-fat sunflower lecithin
LECICO SUN P 400 was added during dough kneading
in the amount of 0.2, 0.4, 0.6, and 0.8 % by weight of
flour according to the recommendations of the manufac-
turer and scientists [5, 6].

To determine the quality of the bread, a scoring
system was used and a complex indicator was calculated.
The dough was kneaded in an Esher kneading machine
for 4 min at the first speed and 7 min at the second speed.
The dough was prepared using an accelerated method
with a mass fraction of dough moisture of 43 %. The
fermentation period was replaced by a proofing period of
30 min. The dough was handled manually, and the dough
pieces were proofed in a proofing cabinet at a tempera-
ture of 38 + 2 °C and a relative humidity of 78 + 2 %
until ready. The products were baked in a cabinet oven at
220...240 °C with humidification of the baking chamber.

The quality of bread was assessed by physico-
chemical (specific volume, shape stability, structural and
mechanical properties of the crumb) and organoleptic
parameters (appearance, crust surface condition, porosity
structure, taste, smell). The duration of freshness preser-
vation of the products was studied by changing the struc-
tural and mechanical properties of the crumb. Its total
deformation was determined after 4, 24, and 48 h of stor-
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age using an AP 4/1 penetrometer (Finemass (Germany))
[14, 15].

The degree of staleness of the products was also
investigated by the crumb crust. The crumbliness was
determined by the number of crumbs formed by friction
of two pieces of bread crumb weighing 5 g, cut in the
shape of a parallelepiped, during shaking for 5 min on a
vibratory shaker IKA HS 501 digital (IKA®-Werke
GmbH & Co. KG (Germany)). The crumbliness was ex-
pressed as the ratio of the crumb weight to the weight of
the bread sample in percent [16].

The results of the experimental studies were sub-
jected to mathematical and statistical processing, imple-
mented using the MS Excel spreadsheet processor and
the MathCAD mathematical application.

Results and discussion. In order to determine the
technological effectiveness of the use of organic low-fat
sunflower lecithin LECICO SUN P 400 (OLFLYS) in the
production of bakery products, studies were conducted to
determine its effect on the technological process and
quality of bakery products at different dosages.

During the study, bakery products were baked
with the addition of dry low-fat phosphatide concentrates
in the amount of 0.2, 0.4, 0.6 and 0.8 % by weight of
flour. The results of the study are shown in Table 1.

It was found that when OLFLS was added in the
amount of 0.8 % by weight of flour, the acidity of the
dough increased by 0.2 degrees compared to the control
and lower dosage of OLFLS. This led to the intensifica-
tion of fermentation at this dosage, as evidenced by the
greater accumulation of carbon dioxide both at the stage
of proofing and during its proofing.

It has been found that the use of OLFLS increases
the spreading of the dough ball by 4.4...16.6 % compared
to the control, due to the fact that OLFLS is an ampholyt-
ic surfactant and interacts with gluten proteins of the
dough, starch fraction, as well as with fat components to
form complex compounds, which leads to a more even
distribution of fat components in the dough and im-
proved dough elasticity. This is confirmed by the im-
provement of the gas retention capacity, namely the spe-
cific volume of the dough increases with the increase in
the dosage of OLFLS, but it is observed that at a dosage
of 0.6 and 0.8 % by weight of flour, the specific volume
of the dough is the same.

The study of the quality of finished products
showed that the addition of OLFLS increases the specific
volume of dough and weakens the gluten backbone.
Thus, when 0.2% of flour was added, the specific volume
increased by 1.9% compared to the control, when 0.4%
was added, it increased by 6.5%, and when 0.6% and
0.8% were added, it increased by 9.1%. It was found that
the shape stability and porosity of the products improved.

The calculation of the complex quality index
showed that with an increase in the dosage of OLFLS,
the quality of products increases, the highest quality in-
dex was obtained for samples with a dosage of OLFLS of
0.6 and 0.8 % by weight of flour, namely 87.8 points,
which is 3.5 % higher than in the control.

Thus, the most effective dosage is 0.6 % by
weight of flour, so further research on the effect of
OLFLS on the consumer properties of products was car-
ried out at this dosage.
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Table 1 - Influence of organic low-fat sunflower lecithin LECICO SUN P 400 on the quality of dough and

finished products

Indicators Control Dosage of OLFLS, % by weight of flour
(without additives) 0.2 0.4 0.6 0.8
Dough
Mass fraction of moisture, %. 43,5

Titratable acidity, deg

initial 1,0 1,0 1,0 1,0 1,2

Settling time, min 20

Duration of proofing, min 45

Specific volume of dough, cm?® 140 144 150 156 156

Dough ball spreading, mm 90 94 98 102 105

Gas formation during the period of 915 918 920 920 926

proofing and proofing, cm3/100 g
Finished products
Specific volume, cm®/100 g 308 314 328 336 336
Porosity, % 80 82 83 84 84
Acidity, degree 1,2 1.2 1.2 1.2 14
Form resistance, H/D 0,45 0,46 0,46 0,48 0,48
Surface condition and colour Smooth, uniform, Smooth, unifor_m, light Smooth, unifor_m, light

golden yellow yellow, shiny brown, shiny

Colour of the crumb Light With a grey tint Light
Porosity structure Uniform, thin-walled Uneven, thin-walled, coarse-porous
Taste and aroma Inherent in the products, without an off-flavour
Comprehensive quality indicator, 84,8 85,0 86,2 87,8 87,8
points

One of the most important consumer quality in-
dicators is the degree of freshness of products, which is
associated with the staling process of finished products.
Staling is primarily associated with changes in the state
of starch and protein during storage. For example, starch
changes from an amorphous state to a crystalline state,
i.e. starch retrogradation occurs, which is associated with
the aggregation of amylopectin and amylose molecules.

An important role in this process is played by the
aging of gluten denatured during the baking process,
which releases moisture and, as a result, reduces its hy-
dration capacity, leading to a densification of the crumb
structure.

With the loss of freshness, physical and chemical
changes in the crumb occur - compression resistance
increases and elasticity decreases. Therefore, the duration
of freshness preservation by the products was studied by
changes in the structural and mechanical properties of the
crumb. Its total deformation after 4 and 72 hours of stor-
age on the AP 4/1 penetrometer, its crumbliness, and
swelling were determined. The degree of staling was
judged by determining the overall deformation of the
crumb (Table 2).

According to the data obtained, the OLFLS has a
positive effect on the preservation of freshness of prod-
ucts. Compared to the control, the degree of freshness
preservation of products with OLFLS is 1.5 times higher.
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Table 2 - Changes in the structural and me-
chanical properties of the crumb of finished products.

Control Dosage of OLFLS,
Indicators (without | 0.6 % by weight of
additives) flour

Deformation of the crumb, unit
after 4 hours:

total | 87 | 98
after 72 hours:
total 24 46

Degree of freshness 439

27,6

preservation, %.

Also, the degree of staling was investigated by the
crumb crust after 4 and 72 hours. The results of the
crumb crumbling test are shown in Fig.1.

The analysis of the results showed that, compared
to the control, the value of crumbling decreases during
storage for 72 h, provided that OLFLS is used.

To confirm the obtained regularities, the effect of
OLFLS on the forms of moisture binding in the sold
products was studied. The determination was carried out
using a derivatograph with subsequent analysis of ther-
mogravimetric curves (Table 3 and Fig. 2).

The analysis of bakery products showed (Fig. 2)
that in the case of using 0.6 % by weight of OLFLS
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Table 3 — Content of free and bound moisture in
the crumb of finished products, %.

t

Mass fraction of
moisture, % of the |  L0SS Of
Bread | Storage o B bound
samples | time, h moisture,
free bound %.
Control 4 759 241
sample
(no addi- 59
tives) 48 81,8 18,2
With 0.6
% of 4 74,6 25,4
OLFLS
by weight 4,6
of flour 48 79,2 20,8
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Fig. 3. Formation of a sub-crust layer:
1 - control without additives; 2 - with 0.6 % by weight of flour OLFLS.

flour, the sub-crust layer after 72 h of storage is smaller
compared to the sub-crust layer of the control product.
Table 3 shows that the initial content of bound
moisture in products with 0.6 % by weight of flour with
OLFLS is 2.9 % higher than in the control after 48 h of
storage by 13.8 %, and the loss of bound moisture is
28.7% lower compared to the control. Thus, there is rea-
son to believe that the use of OLFLS on the quality of
bakery products will slow down the staling process.
During baking of bakery products, due to high
temperatures, the surface of the products becomes more
crispy compared to the crumb, which is explained by the
creation of a gradient of relative humidity and moisture
content between the crust and the crumb, which causes

the redistribution of
moisture in the product.
Multicomponent food
products are character-
ised by the process of
moisture migration be-
tween components.
During storage, mois-
ture migrates between
the crust and the crumb.
This causes softening
of the crust and staling
of the crumb and the
formation of a thicker
sub-crust layer. There-
fore, further studies
were conducted to in-
vestigate the formation
of the sub-crust layer.
The results of the study
are shown in Fig. 2.

Based on labora-
tory baking and the
calculation of a com-
prehensive quality indi-
cator, it was found that
0.6 % by weight of
flour with OLFLS is
sufficient to improve
the consumer properties
of bakery products and
slow down the staling process of finished products dur-
ing storage in unpackaged form for 72 hours.

As a result, the recipe for the organic loaf ‘“Soni-
achyi’, was developed: high-grade wheat flour - 100 kg,
bakery yeast - 3 kg, table salt - 1.3 kg, sugar - 2 kg, peas-
ant sweet cream butter - 2.5 kg, organic low-fat sunflow-
er lecithin LECICO SUN P 400 - 0.6kg.

The term ‘nutritional value’ reflects a set of useful
qualities of the product, its ability to meet the physiolog-
ical needs of the body for energy and essential nutrients
that determine the functioning of the body: proteins, car-
bohydrates, fats, vitamins, minerals, and their digestibil-

ity.

Table 4 — Chemical composition of 100 g of bread

Composition of products O;iﬁ;‘;}l‘;‘;f *}Zg[ﬁgee rg:r'llty Contac:?z?;:dzw g Coyséﬁgg%feg?"y
Proteins, g 8,36 67 23,16 34,5
Fats, g 2,82 68 7,81 11,5
included saturated fatty acids 1,00 - - -
Carbohydrates, g 53,90 392 149,30 38,1
included sugar 1,34 - - -
Dietary fibre, g 2,61 30 7,22 241
Ash, g 1,38 - - -
Salt (calculated from sodium) 1,24 - - -
Energy value, kcal 274,22 - 759,60 -
Bread units 4,5 - -
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The healthiness of bakery products is determined
by their chemical composition, energy and biological
value, physiological and organoleptic properties, digesti-
bility and absence of harmful substances.

In order to determine the usefulness of the devel-

oped organic loaf ‘Soniachyi’, the content of the main
nutrients was calculated.
The calculations were based on reference data on the
chemical composition of raw materials [17] and data
provided by the manufacturer of the organic raw materi-
als used in the study, as well as the established norms of
daily nutrient requirements. The results are presented in
Table 3.

Conclusions

lecithin LECICO SUN P 400 in the amount of 0.6 % by
weight of flour to improve the consumer properties of
bakery products. It was found that the use of organic
low-fat sunflower lecithin LECICO SUN P 400 prolongs
the freshness of bakery products, namely, the degree of
freshness preservation of the products increases by 1.5
times, which is confirmed by a lower degree of crum-
bling and the formed sub-crust layer during 72 hours of
storage.

The recipe for the organic loaf ‘Soniachyi’ was
developed: high-grade wheat flour - 100 kg, bakery yeast
- 3 kg, table salt - 1.3 kg, sugar - 2 kg, peasant sweet
cream butter - 2.5 kg, organic low-fat sunflower lecithin
LECICO SUN P 400 - 0.6 kg. The energy value of the
developed organic loaf ‘Soniachnyi’ is 274.22 kcal.

The results of the experimental studies have estab-
lished the feasibility of using organic low-fat sunflower
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BUKOPUCTAHHA JJEHUTHUHY OPI'TAHIYHOI'O ITIOXO/’KEHHSA
Y TEXHOJIOT'I BYJIOYHUX BUPOFIB

AHoTauis

Bupobruymeo x1i60byniounux eupobie opeaniuH020 NOXOONCEHH MAIOMb OOMENCEHHS. ) BUKOPUCTNAHHS DIZHUX THe-
pedienmis, Hacamnepeo 95 % peyenmyprozo ckrady mae bymu opeaniuno2o eupoonuymea. Ha punky npooykmie opeaniuno-
20 NOX00MHCEeHHs 3 'a6U6Cs opeaHiunull 3Hedcupenull consiunuxosull seyumun LECICO SUN P 400 nimeyvkoi ¢ipmu Lecico,
Wo 0ac MOJNCIUGICIb POUUPUMU MOICTUBOCT NOKPAWAHHA AKOCMI XAI000YI0UHUX 8UPODIE 3 MAPKYEAHHAM Op2aAHiuHUL
npodykm. Memoio Haykoeoi pobomu € po3pobrenns peyenmypu opeaHidtHo2o 6amony 3 N0O0BICEHUM MEPMIHOM 30epicanisl
3a PAXYHOK BUKOPUCMAHHA OPLAHIYH020 3Hedcupero2o cousuHuxkoso2o aeyumury LECICO SUN P 400 uimeyvkoi ¢hipmu
Lecico ma 0ocnioumu 6naug ti020 Ha CHONICUBYHI XAPAKMEPUCTNUKYU OP2AHIUHO20 OAMOHY 3 NOOOBICEHUM MEPMIHOM 30epican-
na. Ha niocmasi npoonux 1a60pamopHux unikanb ma po3paxyHKy KOMAIEKCHO20 NOKAZHUKA AKOCTI 6CTNAHOBICHO payiona-
JIbHE 003YBAHHS OPLAHIUHO20 3HENCUPeH020 coOHAuNUK06020 neyumuny LECICO SUN P 400 6 kinvkocmi 0,6 % 0o macu 60-
pouwina, o 3ab6e3nedents NOKPAWAHH CROJACUBYUX eracmusocmell 6yrounux upobie. Tax, y pasi enecenns 0,6 % 0o macu
bopouwina numomutl 00’em 30inbMUBCS NOPIBHAHO 3 KOHmMpoaem Ha 9,1 % 3a paxyHok niosuweHHss NUMoMo20 0o ’emy micma i
noc1abIeHHs. KIEUKOBUHHO20 KAPKACY 3 BHECEHHS OP2AHIMHO20 3HedNCUpeH02o consunuxosozo aeyumuny LECICO SUN P 400.
Bcmanoeneno, wjo nokpawyemocsa opmocmitikicms ma nopucmicms 6upodis. Bcmanoeneno, wo sukopucmanus opeaHiuno-
20 3nexcupenozo consiunurxosoeo neyumuny LECICO SUN P 400 nooosarcye csixcicmo 6ynounux eupobis, a came cmyniis
30epedcents cgixcocmi eupobus 30inbulyemvca y 1,5 pasu, wo niomeeporsceHo MeHwuM cmynenem Kpuwikyeamocmi ma
VYMEOpeHUM NIOCKOPUHKOBUM WAPOM npomsicom 72 200 30epicanust. 3 ypaxy8aHHAM payioHAIbHO20 003Y8AHHS OP2AHIYHO20
3HedcUpero2o coHaunukoeozo neyumuny LECICO SUN P 400 pospobieno peyenmypy opeariuno2o 6amony « COHAUHUIY
6OPOUWIHO NUEHUYHEe U020 COpMY Op2aniuno20 upobruymea — 100 ke, Opiscdicis xnibonexapcoki npecogati — 3 K2, cilb
KYXOHHa xapyosea — 1,3 ke, yykop opeaniuno2o eupooHuymea — 2 ke, MAcio MAacio cON0OKO-8ePUIKOBE CEAHCHKEe OP2aHiiH020
supobHuymea — 2,5 ke, opeaniunuil 3nesxcuperuil consunuxosuil reyumun LECICO SUN P 400 — 0,6 ke

Kio4oBi cjioBa: opraniynuii JieUTHH, 6aTOH, CBi2KiCTh, OpraHiuHe BUPOOHUITBO, NiACKOPHMHKOBHIi 1Iap.
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