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THERMrOGRAVIMETRIC STUDY OF MOISTURE BOND
FORMS IN SEMI-FINISHED BISCUIT WITH
THE ADDITION OF CRICKET FLOUR

Abstract

Thermal analysis methods, primarily thermogravimetric analysis (TGA), play an important role in the study of phase tran-
sitions and degradation of active food components and auxiliary substances during heating or cooling. The most important areas of
application of TGA in the food industry include the analysis of patterns of changes in the mass of the studied system during its heat-
ing or cooling due to the presence of phase transitions of the first kind and chemical reactions. In this work, a study of the change in
mass of biscuit products during heating was carried out. The effect of replacing wheat flour with cricket flour in the amount of 5.0%
on the structure of the resulting biscuit product compared to the control was determined. This study showed a change in the distribu-
tion of forms of connection of system water with dry substances of the system and, as a result, an expansion of the range of tempera-
tures at which water evaporation from this sample took place. However, with a further increase in the amount of cricket flour in the
recipe, which has an increased protein content, an increase in the part of the system water associated with the proteins of this raw
material was observed. As a result, the range of temperatures at which water evaporation occurred from biscuit products with crick-
et flour in the amount of 10.0% and 15.0% decreased. It was noted in the work that the most acceptable functional and technological
property of biscuit products is a wider range of forms of connection of system water with dry substances of such food products, since
the presence of different forms of connection of water significantly determines the organoleptic indicators of finished products, terms
and conditions its storage. The results obtained by the method of thermogravimetric analysis showed that, from the point of view of
expanding the spectrum of forms of connection of system water with dry substances of the studied samples, the sample with the re-

placement of wheat flour with flour from crickets in the3 amount of 5.0% should be considered more acceptable.
Key words. derivatives, whipped flour semi-finished product, thermogravimetric analysis, biscuit product, crickets

flour.

Statement of the problem in a general form.

The quality of ZBN in the storage process is en-
sured by the quantitative ratio of free and binding mois-
ture, as well as the distribution of binding water between
the biopolymers of the semi-finished product. In the pro-
cess of storage, proteins and starch, which make up the
basis of biopolymeric compounds in ZBN, undergo cer-
tain physico-chemical, biochemical and colloidal chang-
es, as they lose a certain amount of moisture, as a result
of which there is a loss of taste and aromatic indicators,
and also the elasticity of the soft ZBN decreases

One of the indicators of the quality of whipped
flour semi-finished products is freshness, the preserva-
tion of which depends on the speed of the aging process.
On the one hand, staleness is caused by the loss of water
during storage, and on the other hand, it is the result of
complex physicochemical, colloidal, and biochemical
processes associated with changes in the properties of the
main biopolymers of flour (starch and protein), which
form the structure of the product [4].

It is known [6] that physical, chemical, and
structural-mechanical changes occur in the product dur-
ing storage, which change the structure of the pulp of the
product due to retrogradation of starch and crystallization
of sugar. Starch grains of flour swell during the kneading
of the dough, in the process of baking, the starch is pas-
teurized, absorbing water. During the storage of products,
starch grains begin to retrograde, restoring hydrogen
bonds between chains of oligosaccharide residues. Starch
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becomes denser, loses previously bound water, pulp be-
gins to crumble and the product becomes stale. The long-
er the moisture is retained in the product, the longer it
remains soft.

Thus, the products undergo significant changes
during storage, which leads to deterioration of quality,
spoilage and staleness. Therefore, when adding new,
innovative ingredients to ZBN, especially those with a
high protein content, an important task is the effect of a
certain concentration on the quality of the finished prod-
uct.

Analysis of recent research and publications.

In view of previous studies on determining the
optimal amount of flour from crickets in the recipe of a
semi-finished biscuit, it is proposed to introduce an inno-
vative product into the biscuit to improve its quality and
increase its nutritional and biological value [1].

As far as we know, only a few authors have in-
vestigated the effect of replacing wheat flour with cricket
flour on dough rheology and functional-technological
properties of products [5, 6, 7]. It is believed that the
properties of wheat flour are of great importance for de-
termining technological indicators and are useful tools
for predicting process efficiency and product quality [8].
The rheological properties of the dough can be evaluated
using a wide range of approaches. The study of rheologi-
cal properties allows you to establish the duration of
kneading, determine the amount of water that should be
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added to the flour in order to obtain the dough of the de-
sired consistency. Others simulate rounding and shaping
in the baking process and make it possible to determine
the tensile strength of the dough, its strength, that is, the
indicators necessary to predict the quality of a certain
group of products [9].

Having analyzed the literary sources, we note
that a small number of authors investigated the thermo-
gravimetric study of moisture forms in biscuit semi-
finished products. For example, the author T.O. Lisovska
and co-authors [12] in their works determined the influ-
ence of corn flour in the process on the quality of semi-
finished biscuit using the thermogravimetric meth-
od.From the analysis of the data specified in this work, it
was determined that the loss of moisture in the control
sample was 16.0%, while the amount of moisture in the
test samples decreased by 10.0%.

The method of thermogravimetry was used to
determine the traditional and new model cupcakes, which
included innovative natural ingredients (powder of linden
flowers, powder of flower pollen, pumpkin oil). Accord-
ing to the results of research, it was noted that due to the
content of hydrophilic compounds and moisture-retaining
substances in the composition of natural ingredients, the
content of firmly binding moisture increased by 15.9-
17.4% and this caused a slowdown in its loss in cakes

[4].

Forming the goals of the article

The purpose of the work was to study the pro-
cesses, thermogravimetric research of the forms of mois-
ture bonds in the whipped flour semi-finished product
with the addition of cricket flour

The object of the research was biscuit products
with the addition of flour from crickets.

Thermogravimetric studies of the forms of mois-
ture binding in ZBN during intermittent heating were
carried out using a thermal analyzer "DerivatographQ-
1500" (Hungary). This device is able to accurately meas-
ure all quantitative changes in the sample, which are as-
sociated with a decrease or increase in the mass of the
product due to the redistribution of moisture during
thermal exposure [10].

In the experimental samples, changes in temper-
ature (T), mass changes (TG), rate of mass change
(DTG), and heat of combustion (DTA) were simultane-
ously recorded as a function of time using a four-channel
recording device. Derivatograms were used to determine
the mass loss of the sample at the corresponding tem-
perature Am.

Thermogravimetric measurements were per-
formed in a ceramic crucible under a quartz cap on a Q-
1500D derivatograph in dynamic mode with a sample
weight of 2 g. A1203 fired to 1500°C was used as a
standard. The sample was heated to 500°C at a heating
rate of 2.5°C/min. Determination of the form of binding
of water at all stages of introducing the component into
the formulation was carried out on the basis of the analy-
sis of temperature (T-curve), change in mass (TG) and its
derivatives (DTG-curve) and enthalpy (DTA-curve). We
studied moisture bonds after baking the semi-finished
product.

Presentation of the main research material

Biscuit products were made according to the an-
alogue of the round biscuit recipe [3], which included the
following components: high-grade wheat flour, granulat-
ed sugar, egg yolks, egg whites, citric acid. Cricket flour
was added by replacing wheat flour with cricket flour .
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Accordingly: model sample Nel contains 5.0% cricket [ ]

flour, sample Ne2 contains 10.0% cricket flour, sample
Ne3 contains 15.0% cricket flour.

After the manufacture of biscuit semi-finished
products with the addition of flour from crickets, the ex-
perimental data obtained at the same time were studied
by the methods of differential thermal and thermogravi-
metric analysis.

Measurements by the specified methods were
carried out simultaneously on each of the studied sam-
ples, i.e., the temperature and mass of the studied sample
were simultaneously recorded over time, as well as the
difference in temperature and mass between the reference
sample and the studied one. For clarity, the experimental
data obtained by the methods of differential thermal (a)
and thermogravimetric (b) analysis are shown on sepa-
rate graphs.
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Fig. 1. Results obtained by the methods of differential thermal (a) and thermogravimetric (b)
analysis for the control biscuit sample: kinetics of temperature (1) and mass (3) of the sample,
kinetics of the difference in temperature (2) and mass (4) between the standard and the sample
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Fig. 2. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 5% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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Fig. 3. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 10% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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Fig. 4. Results obtained by differential thermal (a) and thermogravimetric (b) analysis methods for a biscuit
product with a 15% concentration of cricket flour in wheat flour: temperature (1) and mass (3) kinetics of the
sample, temperature difference kinetics (2) and masses (4) between the standard and the sample
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The kinetics of temperature and mass, as well as
the kinetics of the difference in temperature and mass
between the reference and the tested samples have the
same character (Figs. 1-4).

The entire process of heating with a constant
flow of heat to the test sample and the standard can be
divided into areas separated in Fig. 1-4 by points marked
with the letters A, B, C, and D. The positions of the se-
lected points on the dependences reflecting the results
obtained by the methods of differential of thermal (a) and
thermogravimetric (b) analysis, synchronized according
to the determined values of moments of heating duration.

The section from the beginning of heating with a
constant flow of heat supplied to the reference and test
samples to point A corresponds to the heating of the dry
substances of the test sample and the system water it con-
tains (line 1 in fig. 1a, 2a, 3a, 4a). At the same time, there
is practically no loss of mass, which is proved by the
horizontal section on the kinetics of the mass of the sam-
ple (line 3 in Fig. 1b, 2b, 3b, 4b) from the beginning of
the measurements to point A. By system water here is
meant the water of the system, which is connected with
its dry substances in various forms of connection: physi-
co-chemical and chemically bound water [2].

Starting from point A, significant evaporation of
the system water of the tested sample begins, which is
accompanied by an increase in the temperature difference
(line 2 in Fig. 1a, 2a, 3a, 4a) between the sample and the
standard. This is evidenced, firstly, by the presence of an
inflection point in the kinetics of the sample mass (name-
ly point B on line 3), and secondly, by the presence of a
minimum in the kinetics of the mass difference between
the tested sample and the standard (line 4 in Fig. 1b, 2b,
3b , 4b).Thirdly, intense evaporation of system water is
accompanied by heat absorption, which is evidenced by
an increase in the temperature difference between the
tested sample and the standard (line 2), with a slight in-
crease in temperature (around point B on line 1).

In the section from point B to point C, the inten-
sity of evaporation of the system water of the studied
sample decreases. The kinetics of the temperature differ-
ence between the sample and the standard approaches
zero (line 2). The angle of inclination of mass kinetics
(line 3) to the abscissa axis decreases, while the kinetics
of the mass difference between the studied sample ap-
proaches zero.

Starting from point C to point D, the sample is
heated. The loss of mass in this area does not exceed
3...4%.

When point D is reached, the position of which
corresponds to the temperature of the tested samples
+200...220°C, the destruction of the components (includ-
ing polysaccharides) begins.

The differences between the results shown in
Fig. 1-4, obtained for different samples, lie in the posi-
tion of selected points A, B, C, and D relative to tempera-
ture. It should be noted that for such products as biscuit
products, more information is provided by temperatures
lower than the destruction temperature of the components
of this product, i.e. temperatures lower than +200°C. It is
in the temperature range from +40..50°C to
+140...150°C that the main information about the system
water of such systems is found.
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Based on this, it should be noted that the begin-
ning of significant evaporation (point A) in the control
sample and in samples in which a part of wheat flour was
replaced by flour from crickets corresponds to a tempera-
ture of +40°C (point A on line 1 of Fig. la , 2a, 3a,
4a).As for the maximum intensity of evaporation (point
B), for the control sample of the biscuit product, the posi-
tion of this point corresponds to +93°C (point B on line 1
of Fig. 1a). For a biscuit product with a concentration of
cricket flour of 5.0% in wheat flour, the position of point
B corresponds to a temperature of +98°C (point B on line
1 of Fig. 2a), and for a biscuit product with a concentra-
tion of cricket flour of 10.0% and 15.0% — 91°C (points
B on line 1 from Fig. 3a, 4a).

The temperature at which the end point of inten-
sive evaporation of system water (point C) is reached for
different samples also differs in value. Thus, for the con-
trol biscuit product, significant evaporation of system
water ends at a sample temperature of +130°C (point C
on line 1 of Fig. 1a). For a biscuit product with a concen-
tration of cricket flour of 5.0% in wheat flour, the posi-
tion of point C corresponds to a temperature of +148°C
(point C on line 1 of Fig. 2a). For a biscuit product with a
concentration of cricket flour of 10.0%, significant evap-
oration of system water ends at a temperature of +112°C
(point C on line 1 of Fig. 3a, 4a), and for a product with a
concentration of cricket flour of 15.0% — +102°C (point
C on line 1 of Fig. 4a).

It should be assumed that for the reference sam-
ple, relative to which the temperature difference and the
mass difference for the tested samples were found during
the measurement, there are no phase transitions of the 1st
kind, which is the initial condition of the applied research
methods. Based on this, it is obvious that the area under
the kinetics of the temperature difference and the kinetics
of the mass difference between the standard and the sam-
ple under study in the range between points A and C is
proportional to the amount of system water for which the
I-type transition takes place in the temperature range
corresponding to these points.

The area under the specified sections of the ki-
netics of temperature difference and mass difference be-
tween the reference sample and the studied samples was
calculated according to the data shown in Fig. 5. The
value of the mass difference between the standard and
the test sample is normalized to the initial total mass of
the test sample.

Calculation of the area under the kinetics of the
temperature difference (S4) and the area under the kinet-
ics of the mass difference (S..) between the standard and
the tested samples, in the range between points A and C,
was carried out, respectively, according to the expres-
sions:

-1 (A 4q +HAED

Sar = E?:Eni Topr — T2 ++ @
-1 {ﬂm: +ﬂmi}

Sam = E?ﬁnl{fnl — T + 2

where n; and n; are the time coordinates of
points A and C.

The calculation results are given for each of the
studied samples in Table 1.
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Fig. 5. The kinetics of the temperature difference and the kinetics of the mass difference between the standard
and the tested samples of biscuit products: 1 — control; 2 — a sample with a concentration of flour from crickets
of 5.0%; 3 —a sample with a concentration of flour from crickets of 10.0%; 4 — a sample with a concentration of
cricket flour of 15.0%

Table 1 - Area under the kinetics of the temperature
difference (S4) and area under the Kinetics of the
mass difference (Sam) between the standard and the
tested samples

Sample Sy 1073, Sum10%,
°Cxc (Kr/KT)XC

Control 2.709 1.276
With a concentration 2.619 1.246
of cricket flour 5%
With a concentration 2.762 1.256
of cricket flour 10%
With a concentration 2.811 1.320
of cricket flour 15%

From the given calculation results, it can be seen
that the areas under the kinetics of the temperature dif-
ference (S4) and the areas under the kinetics of the mass
difference (Sn) between the standard and the tested
samples differ by no more than 5...8%. Obviously, such a
deviation can be neglected, since these calculated areas
(S4 and S,,,) are proportional to the amount of water re-
tained by the tested samples, so the samples have the
same moisture content. That is, the amount of systemic
moisture retained by the studied samples is the same.

Given the fact that the amount of water in the
studied samples is the same, the differences within the
ranges of increase and decrease in the intensity of evapo-
ration of system water are explained by redistribution
according to the forms of its connection with dry sub-
stances of these systems.

Thus, replacing 5.0% of wheat flour in the reci-
pe of the control biscuit product with flour from crickets
helps to shift the maximum intensity of evaporation from
+93°C to +98°C. At the same time, the end of significant
evaporation of system water is completed for such a
sample at a temperature of +148°C, while for the refer-
ence product this point occurs at a temperature of
+130°C.

With a further increase in the amount of intro-
duced flour from crickets in the amount of 10.0 and
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15.0%, the point corresponding to the maximum intensity
of the system water shifts to a lower temperature and is
equal to +91°C. At the same time, the end of significant
evaporation of system water for samples with a concen-
tration of cricket flour of 10.0 and 15.0% also occurs at
lower temperatures compared to the control sample, the
values of which are equal to +102°C and +112°C, respec-
tively.

Conclusion

Obviously, it was established that the replace-
ment of wheat flour with flour from crickets in the
amount of 5.0% helps to change the interaction of the
components of the resulting biscuit product compared to
the control. This entails a change in the distribution of
forms of connection of system water with dry substances
of such a system and, as a result, an expansion of the
range of temperatures at which evaporation of water from
this sample occurs. However, obviously, with the further
increase in the amount of cricket flour, which is a pro-
tein-rich raw material, the amount of part of the system
water connected with the proteins of this raw material
increases. As a result, the range of temperatures at which
water evaporates from biscuit products with cricket flour
in the amount of 10.0 and 15.0% is reduced.

It should be noted that a wider range of forms of
connection of system water with dry substances of such
food products [11] is considered a more acceptable func-
tional and technological property of products containing
wheat flour, since the presence of different forms of wa-
ter connection significantly determines organoleptic indi-
cators of finished products, terms and conditions of their
storage.

Thus, the studies carried out by the methods of
differential thermal and thermogravimetric analysis indi-
cate that, from the point of view of expanding the spec-
trum of forms of connection of system water with dry
substances of the studied samples, it should be consid-
ered more acceptable to replace flour with wheat flour
from crickets in the amount of 5.0%.
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TEPMOI'PABIMETPUYHE JOCJIKEHHSA @OPM 3B’A3KIB BOJIOT'HU
Y 3bUBHOMY BOPOHIHAHOMY HAHIBO®ABPUKATI 3 TOJABAHHAM
BOPOIIHA I3 IIBIPKYHIB

Anomauisn

Memoou mepmiunozo ananizy, nacamneped mepmozpasimempuunuil ananiz (TGA), sidiepac éaxciugy ponv y 00CHiONCEHHI
hazosux nepexodie i decpadayii AKMUGHUX XAPHOBUX KOMHOHEHMIE, OONOMINICHUX PeHOGUH NpU HAZPIeanHi abo oxonodcenni. Hati-
saocaueiwi cgpepu 3acmocysanns TGA y xapuo6iti npomMuciogocmi 6KIIOHAIOMb AHALI3 3AKOHOMIPHOCMEN 3MIHU MACU O0CAIOHCY8a-
HoI' cucmemu nio uac it HaepieanHs abo 0X0N00ICEHHs uepe3 HAAGHICMb (ha308ux nepexodie I pody ma ximiunux peaxyii. ¥ Oamitl
pobomi Oy10 npoedeHo OCHIOHCEHHS 3MIHU Macy OICKGIMHUX 6upodie nio uyac Hazpieanus. Becmanoseneno eniaue 3aminu 60pouwiHa
nuleHuuHo20 6opowHOM i3 Y8ipKyHie y Kinbkocmi 5,0% Ha 83acMo0il0 CKIAO0BUX OMPUMYBANHO20 OICKEIMHO20 8UPOOY NOPIGHAHO i3
KOHmpoem. [lane 00CniodxHcenHs noKaszaio, 3MiHy y po3nooileHHi Qpopm 36 3Ky CUCEMHOT 600U 13 CYXUMU PEYOBUHAMU CUCEMU I,
AK HACTIOOK, pO3WUpenHs 0ianasony memnepamyp, 3a AKux 6i00y6aiocs 8Unapo8ysanis 00U i3 ybo2o 3paska. OOHaK, npu nooalb-
womy 30inbuleH s Y peyenmypi KilbKocmi OOpowHa i3 YGipKYHIe, sike MAe nidguujeHull emicm OUIKY, Cnocmepieanoct 30L1buleHH s
YACMUHU CUCMEMHOL 800U, WO N0 A3aHa i3 OIKamu yici cuposunu. Kk HACiOOK, 0ianason memnepamyp, 3a SKux 8i06ynocs euna-
Po8yearHs 600u i3 OiCkImHUx upoobis i3 6opowiHom i3 ysipkyHis y kinekocmi 10,0% ma 15,0% — smenwysaecs. ¥ pobomi 6yno 6io-
MIYEeHO, Wo Haubibw NPUTHAMHOIO QYHKYIOHANbHO-MEXHONO02IYHOI0 6IACMUBICMIO 8UPOODI8, AKI MiCMamb nuleHuYHe 60POUHO €
wupoKul 0ianazon opm 36 13Ky CUCMEMHOI 600U 3 CYXUMU PeHOBUHAMU MAKOI Xapuoeoi npoOyKYii, OCKINbKU HASEHICMb PI3HUX
hopm 36 ’A3KY 800U CYMMEBUM YUHOM BUSHAUAE OP2AHOIENMUYHI HOKAZHUKU 20MOB0T NPOOYKYIT, mepMiHu ma ymoeu ii 30epicanHsi.
Pezynomamu ompumani Memooom mepmocpagiMempuyHo2o aHaizy NoKA3amu, wo Oilbul NPUIHAMHUM, 3 MOYKU 30PY POSULUPEHHS
cnekmpy (opm 38 3Ky CUCMEMHOL 800U I3 CYXUMU PEUOBUHAMU OOCTIONCYBAHUX 3PA3KIE, CIO 88AXCAMU 3PA30K 13 3AMIHOI OOPOUL-
Ha nueHuyHo20 OOPowHOM i3 Y8ipKyHig y Kinbkocmi 5,0%.

Knro4oBi cjioBa. 1epuBoTHIpamMu, 30UBHUI GopolIHAHUI HamiBdadpukaT, TepMorpaBiMeTpuyHmii aHai3, OicKBiT-
HMii BUPi0, 60poIIHO i3 HBIpKYHiB.
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