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RESEARCH OF DESTRUCTION
OF STARCH CRYSTAL STRUCTURE
IN CUPCAKES WITH IMPROVED

Busuaemoro npobaemamuroro docaiodcenis € npoyec uepcmsinms 6oPOUHAHUX KOHOUMEPCoKUX 6upobie nid

yac s3bepizanns, wWo CYNPOBOONCYEMbCA KOMNIACKCOM CKAAOHUX (PI3UKO-XIMIUNUX, KOLOIOHUX ma Oloximiunux
npouecis, no6’a3anux 3 Kpoxmaiem ma Oiikamu. Buseneno, wo nayxosui suKopucmosyoms Hempaouyitini 0o-
6a6KU POCAUNIO020 NOXOONCCHHS Y KEKCAX, 30KPeMd, JKAPCOKL POCIUHU, HACIHIS, NA00U | TUCMS 20pIXi6, 060U,
ppyxmu, duxopocii szoou. Y pobomi 06 exmamu docaioxcenis 6yau pospobieni 3a asmopCoKuMu Peuenmypami
kexcu «Kynocymmnuii», «Mopsok s, «Miynuil 2opiuiox s, «Ocinniti apomams, <« dopruunuiis, «Medok s, « Enimmnuil»,
6a306i 3pasxu 00 nopisuanms — 60powHo suu2o copmy i kexc «Cmonuunuil>. Y peuenmypi uyux Kexcie 3amineno
YACMUNY NULEHUYI020 BOPOUNA 1A HEMPAOUUILINY CUPOBUNY:

— «Kynocymnuit> (ocummne 60powno, nopowKy JUCMsS ONCUHU CU30L, CMOPOOUNU YOPHOL, KEIMIE POMAUKU
JKAPCvKoi, MOJIOUHA CUPOBAMKA, KYHICYMHA OJ1is1);

— «Mopsuok» (8iscane Gopowno, nopowku aucms 6a0any moGCmMoIUCNOZ0, MATUNY, NIOGILY 36UYATIN020,
caani raminapii, onis 2apby306020 HACIHNA);

— «Miunuil 20piuwor> (2pevarne 60pouIo, NOPOWKIU TUCTIL M SMU NEPUCBOT, BOIOCLKOZO 20DiXd, MOLOUNHA Cl-
posamxa, 0ist ma s10pa 8010CHKOZO 20pixa);

— «Ocinniti apomam» (Kyxypyossamne 60pouiro, nOPOWKU Mpasu 36ipodoio 36UUATIH020, KEIMIE JTUNU Cepueiil-
cmoi, exinauei nypnyposoi, cyxe 3nenxCcupene MoioKo, AOAYUHO -GUUNECET UYKATUL);

— <«Yopnuunuil» (zpeuarne 60powo, NOPOUKU KOPEHis UUKopilo, Keimie (iaixu mpuxoiipnoi, cyxe suexcupene
MOJLOKO, NA0OU YOPHUYL CYULeHT);

— «Medok> (Kyxypyossie 60pouro, NOPOWKYU KEIMIE IUNU CePUEIUCMOl, KEIMKOGUTI NUILOK, CYXE SHEHCUPEHE
MOJIOKO, 0Jlist 2apOy308020 HACIHHSL, MO HAMYPALLHUL 3 NUTIKOM);

— <«Enimnuil> (8iscsame 60powno, mucms m’smu nepuesoi, K6aco, nponoiic, MOJOUHA CUPOBAMKA, MeO Ha-
MYpaivHull 3 NPONOLICOM).

Y x00i docrioacenis suxopucmano memoo penzenopasnozo ananisy na ougpaxmomempi [POH-YM-1 (Pocis),
Wo BUABNAE CMyNis ma munu depopmauii kpucmariunoi cmpyxmypu peuosui. /ianazon 3nauenv 6USHAUEHO
npu snavennsx xymie eidoumms ¢ mesncax 10—30° — Jupaxuiinux maxcumymic xkpoxmamo. Ipoananrizosano
npouec pempozpadayii na ocHoéi ompumanux ouppaxmozpam ma niomeepodceno 30ammuicmy GUKOPUCMAHUX
namypaivnux 006a60K y Kexcax nodosicysamu ix mepmin sbepizanns. B pesyivmami eunixanumus pyiinyeanis
KPUCMALTUHOT CMPYKMYPU KPOXMALIO 6 PO3POOIeHUX 3PA3KAX Kekcie 6i00ysanrocs nabazamo inmencusniue

Y NOPIBHAHNI 3 KOHMPOJILHUM 3PA3KOM KeKCYy <« Cmoauunuils.
Kmiovosi cnosa: Gopounisii Konoumepcoki 6upoou, nempaouuiting cuposuna, Kym ougpaxyii, inmencusnicmo
Quppakyitinozo Makcumymy, penzeHoPasHull anaiis, peHmezeHoamMoppHa cmpyKmypa.
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1. Introduction

Flour confectionery products are characterized by an
almost complete absence of important biologically active
substances, such as vitamins, carotenoids, dietary fiber, macro-
and micronutrients, etc. [1, 2], but their composition is sub-
ject to regulation [3]. The introduction of vegetable raw
materials in the recipes, rich in useful essential substances,
can effectively improve the chemical composition of flour
products. It is in connection with this object of research are
cupcakes, which will enrich the diet with micronutrients [4, 5].
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A review of literature shows that flour confectionery
products are often used as an object of study in order
to improve their consumer properties. Scientists practice
partial replacement of wheat flour with rye, various types
of gluten-free flour — corn, rice of various types and buck-
wheat [6]. Methods of using more unconventional flour,
for example, lupine [7], from the roots of dandelion of-
ficinalis [8], from flax seeds [9] are also common. It is
very effective to use fruit and vegetable powders from
pomace, apple, apricot and pear puree in the formula-
tion [10]. A method is proposed for using melon seeds [11],
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blueberry powder [12], and others. All these studies have
shown the relevance and promise of using non-traditional
plant materials with high biological value in confection-
ery recipes.

Another area of improving the consumer properties
of flour confectionery products is the use of whey-based
raw materials [13, 14] (low-lactose whey, demineralized,
whey permeate, whey protein concentrates, whey protein
isolates, lactose, calcium-fortified whey products).

An important stage in the life cycle of any product is
its storage. Hardening is typical for flour confectionery
products, which occurs due to a complex of complex physi-
cochemical, colloidal, and biochemical processes associated
with starch and proteins [15]. It is these substances that
provide the formation of micropores with water molecules
in an oriented state, the breaking of hydrogen bonds and
the release of water change the structure, quality and taste
of products. Organoleptic changes (decrease in volume,
fragility of the product) in the quality of the product oc-
curs due to the aging of starch, is accompanied by a loss
of moisture and the transition of starch to a crystalline
state [16]. During the study of the hardening process,
the ratio of the crystalline and amorphous state of starch
(retrograde) is very important. It is known that sugars
bind water well in flour confectionery products; therefore,
in the absence of sugars, products become stale faster [17].

The objects of research are developed according to the
author’s recipes: «Sesame», «Moriachok», «Mitsnyi Go-
rishok», «Osinnii Aromat», «Chornychnyi», «Medok», «Elit-
nyi» cupcakes, basic samples for comparison — premium
flour and <«Stolychnyi» cupcake. Various types of flour
(buckwheat, oat, corn, rye), dairy products processing pro-
ducts (milk whey, skimmed milk powder) and beekeeping
products (pollen, propolis, natural honey), and vegetable
raw materials were introduced into the recipe for these
cupcakes. The contents of the individual prescription com-
ponents are presented in Table 1.

In the «Osinnii Aromat» cupcake, raisins are com-
pletely replaced with candied fruit (apple-cherry) and
partially replaced in the «Mitsnyi Gorishok» cupcake
with walnut kernels (22.9 kg/t). In the «Chornychnyi»
cupcake blueberries are used (22.9 kg/t). Cupcakes with
fillings contain 150.6 kg/t each filling of natural honey
with pollen «Medok» and natural honey with propolis
«Elitnyi» [18].

The aim of research is studying the destruction degree
of the starch crystal lattice in the structure of the pulp
of the developed cupcakes, the interaction with other car-
bohydrates and their influence on the formation of the
final crystal structure of the finished products.

2. Methods of research

To determine the phase composition of substances, an
X-ray phase analysis was used to reveal the degree of
deformation of the crystal structure and the types of its
defects. The study of the products was carried out on
a DRON-UM-1 X-ray diffractometer (Russia), tube type
1.5 BSV23 Cu. Let’s use samples of the studied cupcakes
with a thickness of 2 mm, the diffraction patterns were
recorded under the conditions of the same area of the
studied material and the radiation intensity. The values
of the reflection angles ranged from 10-30°, this is due
to the values of the diffraction maxima of starch [19].

The X-ray phase analysis method is based on the fact
that for X-rays the crystal lattice is diffraction. If to use
a powder or a crystalline material with variously oriented
crystals as an object, then when interacting with it, mono-
chromatic X-rays will always find for each sort of planes
a certain number of crystals that fall into the reflection
position. In this case, at a certain angle, a diffraction maxi-
mum for a given kind of planes will be observed. If the
object under study consists of several phases, then each
phase will have its own diffraction pattern. In this case,
the diffraction patterns are the superposition of the dif-
fraction patterns of all phases in the sample under study,
the intensity of the reflections of each phase will depend
on its amount in the mixture under study [20].

3. Research results and discussion

The main component of wheat flour is starch, when
heated, it adsorbs water, because of which its crystalline
structure is destroyed. It is determined that the diffraction
patterns of flour (Fig. 1) consist of five broad high-intensity
maxima corresponding to the structure of crystalline starch.

The diffraction patterns of the control sample cup-
cake «Stolychnyi» is shown in Fig. 2, a, where one can
see very similar diffraction maxima to a higher-grade flour
sample, but of much lower intensity.

Tahle 1
Features of the recipe composition of new cupcakes
Unconventional The amount of raw materials in the cupcake recipe, kg/t
raw materials and Mitsnvi «Osinnii
natural additives «5esame» «Mariachak» Gg:il;i?l’:» A??:]Zii «Chornychnyi» «Medak» «Elitnyi»
Fl rye patmeal buckwheat corn buckwheat corn oatmeal
o (57.2) (38.1) (19.08) (57.2) (15.25) (53.08) (35.52)
blackberry leaves | fankincense leaves Hypericum per- . .
Powd d with gray (1.9), (0.95), raspherries | peppermint foratum (1.91), [UI:}SE?IY ~rn|i|t5_ lbe;rt—i}'laped IPEPPEFT,;I-;]
mixlim:srfh:l:euf black currant (3.8), | (1.9), Foalfoot ordi- | leaves (1.91), | linden blossoms .lirn,i \filgll: tu r (T 7E.7n] ;x:: hi:‘;zs[lz Eﬂj
chamomile flowers | nary (19.1), thallus | walnut (1.91) | (1.91). Echinacea Y e
(1.9) kelp (0.95) purpurea (0.95) flowers (5.7) pollen (4.42) | propolis (3.69))
Milk serum 38.1 - 38.12 - - 53.05 53.29
Sk“;‘:;ffefﬂk - - - 38.12 572 - -
R sesame seeds pumpkin seeds pumpkin seeds
Vegetable oils 21.0) (16.%) walnut (21.0) - - (15.12) -
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Such data confirm the partial destruction of the lattice
of the starch molecule. It is revealed that the intensity
of the reflection maximum, which corresponds to a dif-
fraction angle of 20° for the Stolychnyi cupcake, is 295.

Fig. 2, b shows the results of an X-ray phase study of
the «Sesame» cupcake. A decrease in diffraction maxima
and their intensity is revealed in comparison with the
control sample. The decrease in the destruction of the
crystalline structure of starch is due to the partial replace-
ment of wheat flour with rye and the addition of whey,
increases the content of monosugars. The intensity of the
maximum reflection for the «Sesame» cupcake is only 200.
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Fig. 1. Diffraction pattern of premium wheat flour
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Fig. 2. Diffraction patterns after baking:
a — control sample cupcake; b — «Sesame» cupcake

From the diffractogram of the «Moriachoks» cupcake
(Fig. 3, a), it can be concluded that, as a result of baking,

the destruction of the crystalline structure of starch occurred
much more intensively compared to the control sample.
This trend can be explained by the partial introduction of
oatmeal in the recipe. The intensity of diffraction maxima
for the «Moriachoks» cupcake is 255.

The «Mitsnyi Gorishok» cupcake (Fig. 3, b) is charac-
terized by a well-defined X-ray amorphous structure. It
is buckwheat flour and whey that increase the content of
simple carbohydrates, and therefore accelerate the destruc-
tion of the crystalline structure of starch in this product.
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Fig. 3. Diffraction patterns after baking:
a — «Moriachok» cupcake; b — «Mitsnyi Gorishok» cupcake

According to the diffraction pattern of the «Osinnii
Aromat» cupcake (Fig. 4, a), a sharp increase in the diffrac-
tion maximum after baking is observed, and consequently,
the destruction of the crystalline structure of starch oc-
curred more intensively compared to the control sample.

Buckwheat flour, skimmed milk powder, and chicory
root powder are added to the «Chornychnyi» cupcake
(Fig. 4, b), which increases the water-holding ability of the
product due to hydration of simple carbohydrate molecules
of the introduced raw materials, as a result of which the
cupcake is stale. At a diffraction angle of 20°, the inten-
sity of the diffraction maximum in the «Chornychnyi»
cupcake is 298.

To the «Medoks» cupcakes (Fig. 5, a) and «Elitnyi»
(Fig. 5, b) bee products are introduced. Milk whey, corn
flour, pollen powder are added to the composition of the
«Medok» cupcakes, and natural and flower pollen honey is
added to the filling. «Elitnyi» cupcake contains milk whey,
oatmeal, bean powder and propolis. The filling is formed
on the basis of natural honey with propolis.
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Fig. 4. Diffraction patterns after baking:

a — «Osinnii Aromat» cupcake; b — «Chornychnyi» cupcake
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Fig. 5. Diffraction patterns after baking:
a — «<Medok» cupcake; b — «Elitnyi» cupcake

Beekeeping products increase the content of monosugars,
which contributes to the release of water, interacting with
flour proteins with the formation of gluten, as well as
with starch, as a result of which its crystalline structure
is destroyed.

When comparing the diffraction patterns of the «Elitnyi»
cupcake sample with the diffraction patterns of the control
sample, the destruction of the crystalline sections of the
starch of flour, the intensity of the reflection maximum are
clearly observed. This corresponds to a diffraction angle
of 20° for the «Elitnyi» cupcake sample, which is 225. In
the «Medok» and «Elitnyi» samples, the maxima are clearly
delineated, and there are no diffraction, which indicates
a slowdown in the retrograde process.

4. Conclusions

The phase composition of the substances is determined in
the developed «Sesame», «Moriachok», «Mitsnyi Gorishok»,
«Osinnii Aromat», «Chornychnyi», «Medok», «Elitnyi»
cupcakes from the X-ray analysis of X-ray phase analy-
sis revealed the degree of deformation of the crystalline
structure of starch, and therefore analyze the process of
retrograde. Comparison of the obtained diffractograms with
the control sample of the «Stolychnyi» cupcake confirms
the efficiency of using the proposed plant materials and
natural additives in the cupcakes. The additions determine
the process of destruction of the crystalline structure of
starch, and thus slow down the process of retrograde and
lengthen the storage of cupcakes.
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