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B po6omi nposedeno ananis cyuachux memooie 00CaioxNcens npouecy 4epcmsinis 60pOUHAHUX KOHOUMEPCOKUX
eupobis, a came penzenopasnozo anarisy, OUPPaKyii penmeeniscokux npomenis, oupepentiarvnoi ckanyouoi
Konopumempii. OCKiIbKU KPUCTMALIUNY CIPYKMYPY 20MOBUX OOPOUHIHUX KOHOUMEPCOKUX 6UPOOI8 (DOopMyI0mb
6e3nocepedivo KpoXMaiv, yykop ma inuli 8yzie6o0u, a nPoueci, N06 A3ani 3 YmpumManisam 6 HUX 60J02uU, BNIUCA -
10mo na ix sbepizanns. /s nposedenis AoCaiONceH s NPOUECI8 UePCMBIHHA BUKOPUCTIAHO MeMO0 PEeH2eHOPA3HOZ0
ananizy na ouppaxmomempi /[POH-YM-1 (Pocis), wo eussise cmyninb ma munu 0epopmauii Kpucmarivnoi
cmpyxmypu pewosuit. Juppakuitini MaxcumMymu Kpoxmaiio 00CAioNceno npu HAUeHnIxX Kymie 6i00umms 6 Mexrcax
10-30°. O6’exmamu docaidxcenns b6yau asmopcoki npanuku <«boxciikas> ma <Imoupni nikanwmui», a 3a 6a3osuil
3pasok 0o nopienanus 06pano npsnuru <Iligruiunis.

/o peuenmypu 3anpononosanux npanuUKie 6HOCUIU HACMYNHY CUPOBUHY:

— <«Boxcinxa» — 6opowro ycumie 060upne, coN00 ICUmmitl pepMenmosanuil, Meo Wmyunul, Oiis COLAUNUKOBA,
MOLOKO Cyxe 3Hewcupene, nosudio Abayune, nuiok 6ONCONUHUTL, NOPOULOK CYUBIMb MUM 1Y N0B3K020;

— <«ImOupni nikanmui> — 60powno ycumme 000upHe, Heumuii coi0006Ull eKCMPAKM, IHEePMHUTL CUPON, CYXA
nidcupna cuposamxa, NopouLoK Kopemst imoupy, nopowox cyusimo Gy3unu.

B pesynvmami nposedenns penzenohpasnozo ananisy 00caioiceno cmynine pyiHyeanis KpUCmaivunoi peuim-
KUl KPOXMAIIO 6 CIMPYKmMypi M saxyuia po3poonenux npsanuxie. IIpoananizosano 63aemooiio Kpoxmamo 3 iHuumu
8y2e600aMU MA IX 6NAUE HA DOPMYBAHHS OCTNAMOUHOT KPUCALIUNOT CIMPYKMYPU 20MO6UX 6UPOOie ma 3Mitu
KpUCmaniunoi cmpyxmypu enpooosic sdepizanns. Busueno npouecu uepcmeinis npanuxis ceijcux, nicas 214 mi-
cauie sbepizanis, na SKi 6NAUAIOMb NPOUCCU CAMOACOUIaUil, 2i0poymeopenns MOHO- ma JuuyKkpudie, dezpadauii
ma pempozpadayii Kpoxmao.

Busisneno ocobaueocmi npouecy uepcmeinns nicis 2 i 4 micauyie sbepicanis 3a 00noM02010 analisy nixie
ougppaxmozpanm. IIpoananizosearo npoyec pempozpadayii KpOXMaAmo y 20Mmosux eupobax na 0CHOBL OMPUMAHUX
Jugpaxmozpam ma 006edeno 30amuicms GUKOPUCTRAHUX HATRYDALLHUX 000AB0K Y NPAHUKAX NOO0BKHCYEATNU mep-
Min ix sbepizanns. Pesyavmamu danux 00caioxcens MoxcHa 6nposadicyeami y KoHOUMepCoKiti npOMUCL080CI
3 Memoio supobHUYMEa NPOOYKYil 3 N000EICEHUM MepMinoM 30epizanis.

Kmouosi cnosa: Gopownsani Kondumepcoki 6upoou, Hempaouyiina cuposuna, Kym oudpaxyii, inmencuenicmo
Quppaxuitinozo Maxcumymy, penzenoQasnull ananis.
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1. Introduction

During storage of flour confectionery products, free
water migrates in the crystalline areas of starch, where it
becomes bound and causes staling of the products. There-
fore, with the formation of stable hydrates of mono- and
disaccharides, the process of water migration and staling
of gingerbreads is inhibited [1]. The loss of free moisture
during the retrograde of starch is compensated by the
loss of moisture by the carbohydrate. Therefore, the more
stable the hydrate is mono- and disaccharides, the slower
the gingerbreads are stale.

Starch is soluble in water, although when heated it
partially adsorbs water, its crystal structure is destroyed as
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a result. In the presence of mono- and disaccharides, the
migration of water of the heterogeneous phase of starch
is reduced, and in the presence of fructose and glucose
a certain amount of water is released, interacts with starch,
glutenins and gliadin, forming gluten [2].

The structure formation of flour confectionery pro-
ducts is influenced by the processes of self-association,
hydrotreatment of mono- and disaccharides, degradation
and retrograde of starch, it is their course that has become
the object of study during the storage of new gingerbread
cookies. Starch, sugar and other carbohydrates are directly
involved in these processes, which form the crystalline
structure of the finished products and are associated with
the moisture content during storage.
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For conducting relevant studies,
X-ray phase analysis is the most optimal;
it relates to X-ray analysis methods,
precisely because of its availability,
speed and ease of interpretation of the
results, as well as the ability to identify
the degree and types of deformation
of the crystal structure.

Method of X-ray diffraction in the
study of changes in the crystal structure
of cookies is widely known. One of the
main reasons for stale flour confectionery
is stained is the release of moisture from
the sugar crystal lattice — sucrose recrys-
tallization. That is why trisaccharide —
raffinose is used in the formulation in
order to slow down this process [3].

The method of differential scanning
colorimetry is used to study the crys-
tal structure of bakery products (this
method, by analogy, can be used for
gingerbread). An endothermic melting

transition of crystalline amylopectin at
70 °C is revealed. The method of X-ray

diffraction analysis for bread shows

a relative crystallization of starch at
the level of 36-41 %, and the method

of differential scanning calorimetry —

32-43 %. Due to its simplicity and

sufficient availability, an X-ray phase
analysis is chosen [4].

The X-ray phase method and dif-

ferential scanning calorimetry are used
to study the relationship between the

amount of damaged starch, the density of

the bread crumb, the degree of retrograde

Tahle 1
Features of the recipe composition of new gingerbread
The amount of raw materials in the recipe
Prescription components for gingerbreads, kg/t
Pivnichni control Bdzhilka Imbyrni Pikantni

Wheat flour 1 grade 508.68 348.16 380.23
Peeled rye flour - 127.09 126.75
Fermented rye malt - 26.82 -
Rye malt extract - - 27.04
White crystalline sugar 337.80 274.43 288.16
Artificial honey - 105.69 -
Starch syrup 96.72 59.29 84.50
Margarine - 24.54 32.17
Sunflower oil 14.63 16.94 -
Skimmed milk powder - 21.50 -
Apple jam - 25.41 -
Ammonium carbonate 4.42 4.24 5.07
Drinking soda 1.46 1.54 1.70
Cocoa powder - 9.72 -
Bee pollen - 0.56 -
Creeping thyme inflorescence powder - 1.43 -
Invert syrup - - 52.74
Dry cheese whey - - 27.4
Ginger root powder - - 2.54
Elderberry inflorescence powder - - 0.51
Essence 2.88 - -

of amylopectin, which characterizes the
peculiarities of stale bread. Damage to
starch increases the retrogradation de-
gree of starch, the flesh hardens [5].

The objects of research are developed according to
the author’s recipes «Bdzhilka» and «Imbyrni Pykantni»
gingerbreads [6, 7], and the gingerbread «Pivnichni» gin-
gerbreads are used as a comparison sample [8]. The recipe
for the developed gingerbread is made by peeled rye flour,
rye grain processing products, beekeeping products, milk
processing products, apple jam, and medicinal plant pow-
ders. Fermented rye malt and rye malt extract are used
from rye grain processing products; beekeeping products —
artificial honey, bee pollen, dairy products processed pro-
ducts — skimmed milk powder and dry whey powder. From
medicinal plants, creeping thyme inflorescences powder,
ginger root powder, elderberry inflorescence powder are
used [9]. The contents of the individual prescription com-
ponents are presented in Table 1.

The aim of research is to study the degradation degree
of the starch crystal lattice in the pulp structure of the
developed gingerbreads.

In the process of achieving the goal, research was con-
ducted on the processes of interaction of starch with other
carbohydrates and their influence on the formation of
the final crystalline structure of finished products. The
basis of the research is the study of changes in the crystal
structure during storage.

2. Methods of research

To determine the phase composition of substances, an
X-ray phase analysis is used to reveal the degree of de-
formation of the crystal structure and the types of its
defects. The products are studied on a DRON-UM-1 X-ray
diffractometer (Russia), tube type 1.5 BSV23 Cu (Fig. 1).

Samples of the studied gingerbreads with a thickness
of 2 mm are used, diffraction patterns are recorded under
the conditions of the same area of the studied material
and the intensity of radiation. The values of the reflec-
tion angles range from 10-30°, this is due to the values
of the diffraction maxima of starch [10].

The X-ray phase analysis method is based on the fact
that for X-rays the crystal lattice is diffractive. In the
interaction of crystalline material with monochromatic
X-rays, there is always a certain number of crystals for
each kind of planes that fall into the reflection position.
In this case, at a certain angle, a diffraction maximum
for a given kind of planes will be observed. If the object
under study consists of several phases, then each phase
will have a unique diffraction pattern. In this case, the
diffraction patterns are the superposition of the diffraction
patterns of all phases in the sample under study. And the
intensity of the reflexes of each phase will depend on its
amount in the dough mixture [11, 12].
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Fig. 1. DRON-UM-1 X-ray diffractometer

3. Research results and discussion

The study of the destruction degree of the crystalline
structure of starch custard gingerbread is done. The influ-
ence of the characteristics of the recipe composition of
the developed gingerbread on the dynamics of moisture
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loss and a change in the crystal structure of gingerbread
is studied. The effectiveness of the added additives to the
gingerbread recipe is shown by a change in the crystal
structure during 4 months of storage. These changes in
the crystal structure of custard gingerbread during stor-
age are shown in Fig. 2.
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Fig. 2. The diffraction patterns of the control sample of gingerbreads and «Bdzhilka» gingerbreads:
a — control sample fresh; b — control sample after 2 months of storage; ¢ — control sample after 4 months of storage; d — «Bdzhilka» gingerbreads fresh;
e — «Bdzhilka» gingerbreads after 2 months of storage; f — «Bdzhilka» gingerbreads after 4 months of storage
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At the beginning of storage, the crystal structure of the
control sample of gingerbread is most expressive. This may
indicate insufficient destruction of starch molecules and
their conglomeration with sucrose molecules. The presence
of diffraction maxima at 13° (in noise), 15, 19, 20, and
23° indicates the presence of crystalline sucrose in the
dough of the control sample of gingerbread. This is due
to the consumption of water by a saturated solution of
sucrose, and the occurrence of a supersaturated solution,
followed by its partial crystallization. Positive is the use
of a smaller proportion of sugar and the introduction of
most of the fructose due to artificial honey and the use of
fermented rye malt and peeled rye flour. This contributes
not only to a more complete destruction of the crystalline
structure of starch, but also prevents the formation of
a supersaturated solution of sucrose, thereby ensuring the
content of most of the moisture.

During two months of storage in «Bdzhilka» ginger-
bread, diffraction maxima of 19 and 20° appeared, which is
explained by partial crystallization of sucrose. After storing
gingerbread data for 4 months, peaks characteristic of the
crystalline structure of starch are visible, but they are of
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low intensity. In the control sample, sucrose recrystalliza-
tion took place in the second month of storage; therefore,
the intensity of the maxima increased, and at the end of
storage, due to moisture loss, five peaks of low intensity
characteristic of starch are observed.

The use of rye malt extract and invert syrup with-
out acid neutralization also contributes to an increase
in the proportion of fructose in «Imbyrni Pikantni» gin-
gerbreads. Therefore, almost complete destruction of the
crystalline structure of starch and sucrose is achieved, as
evidenced by low intensity maxima at 13° and 19° (in
noise), 15 and 23° (Fig. 3).

After two months of storage in «Imbyrni Pikantni»
custard gingerbread, partial stratification of starch mo-
lecules occurred and five characteristic maxima of starch
became noticeable. By the end of storage, a partial loss
of moisture occurred due to the supersaturation of the
sucrose solution, the release of moisture by the sucrose
molecule and the restoration of its crystalline structure,
so the intensity of diffraction peaks increased sharply by
15 and 23°. This could be observed in the control sample
after two months of storage.
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Fig. 3. The diffraction patterns of the control sample of gingerbreads and «Imbyrni Pikantni» gingerbreads:
a — control sample fresh; b — control sample after 2 months of storage; ¢ — control sample after 4 months of storage;
d — Jmbyrni Pikantni» gingerbreads fresh; e — «Imbyrni Pikantni» gingerbreads after 2 months of storage;
f— «Imbyrni Pikantni» gingerbreads after 4 months of storage
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After 4 months storage in the control sample, the pres-
ence of characteristic maxima of starch is observed, the
low intensity of which is explained by the repeated re-
crystallization of sucrose and starch molecules after loss of
moisture by gingerbread cookies. An increase in the intensity
of diffraction peaks characteristic of starch in gingerbreads
after 4 months of storage is explained by the migration
of water molecules from a carbohydrate-bound state to
a starch-bound state. Thus, the crystalline structure of
starch is restored, and the gingerbread cookies are stale.

4. Conclusions

The use of X-ray phase analysis methods in the work
makes it possible to identify the deformation degree of
the crystalline structure of starch, that is, to analyze the
process of retrograde in the proposed gingerbreads. A study
of the author’s gingerbread «Bdzhilka» and «Imbyrni Pi-
kantni» is carried out, and the «Pivnichni» gingerbread
is selected for the base sample. As a result of studies and
comparison of the obtained diffraction patterns of control
and developed samples, it is proved that the use of the
proposed raw materials slows down the reverse process of
starch retrograde. Thanks to the use of rye malt extract,
fermented rye malt, artificial and inverted peeled rye flour
syrup, the process of staling gingerbreads is inhibited. The
research results can be implemented in the confectionery
industry in the production of flour confectionery products
with the aim of extending the shelf life of these products.
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