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SCIENTIFIC ASPECTS OF DEVELOPMENT AND ENRICHMENT OF DRY MIXTURES FOR THE
PRODUCTION OF GLUTEN-FREE CULINARY PRODUCTS

The article is devoted to a relevant topic aimed at solving the problem of expanding the range of gluten-free food products. The production of
gluten-free products is associated not only with congenital pathology - celiac disease, but also with a sharp decrease in the enzymatic activity of
assimilating proteins, not only wheat flour. The main share in the Ukrainian market of such goods is occupied by imported products, which are
much more expensive, or domestic products, but containing expensive imported components. As a result of research, a recipe for gluten-free
pancakes was developed based on a mixture of dry ingredients with corn, rice, amaranth flour. The optimum moisture content of the dough and the
dosage of components for baking at home or in the conditions of restaurant enterprises have been established. A technology for preparing dough
from a mixture by adding a hydromodule followed by a short-term exposure is proposed. It is shown that the exposure of a mixture of dry
components has a positive effect on the taste and quality of culinary flour products, and the use of an enzyme complex, amaranth flour and a double-
acting baking powder makes it possible to increase the form-holding capacity of the dough and finished products after heat treatment. Calculations
of the cost and nutritional value of gluten-free pancakes based on a mixture of dry components have been made. The results obtained prove that the
developed products do not contain gluten, are characterized by increased biological value and lower cost in comparison with existing analogues.
Keywords: gluten-free flour, amaranth flour, product cost, nutritional value, bakery enzymes
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HAYKOBI ACHEKTH PO3POEKM TA 3BATAYEHHS CYXHUX CYMIHIEM 1151 BAPOBHUIITBA
BE3I'/IIOTEHOBUX KYJIIHAPHUX BUPOBIB

CTaTTs MPUCBAYCHA aKTyasbHiil TeMi, CIIPsIMOBaHiil Ha BUPIICHHS NPOOIEMH PO3LIMPEHHS aCOPTHMEHTY OC3IIIIOTCHOBUX IPOJYKTIB XapuyBaHHs.
BupoOHHIITBO 6e3rMI0TEHOBOI IPOAYKIIIT IOB'SA3aHe HE TIIBKU 3 BPOKCHOIO TATOJOTIEIO - IIENIaKi€o, a TAKOXK 3 PI3KUM 3HIDKEHHSIM (QepMeHTHOL
aKTHUBHOCTI 3aCBOEHHS OLIKIB HE TiNBKU MIIEHUYHOTro GoporiHa. OCHOBHY 4acTKy Ha yKpaiHChKOMY PMHKY ITOJIOHHMX TOBapiB 3aiiMalOTh NMPOLYKTH
IMIIOPTHOTO BUPOOHHMIITBA, SKi 3HAYHO IOPOXKYE, a00 MPOAYKTH BITIYM3HSIHOTO BHPOOHHKA, aje MIiCTATh AOPOTi IMIIOPTHI CKIamoBi. B pesynbrati
JIOCTTIKEHb PO3pO0ICHa perenTypa Oe3rII0TCHOBIX MAHKEHKIB Ha OCHOBI CyMIIlli CyXHX KOMIIOHCHTIB 3 KYKYPY/A3sHOTO, PUCOBOTO, aMapaHTOBOTO
GoporHa. BcTaHOBIIEHO ONMTHMANIBHY BOJIOTICTB TiCTA 1 TO3yBaHHS KOMIIOHEHTIB /I BUIIKaHHS B JOMAIIHIX yMOBaxX ab0 B yMOBaX IiANPHEMCTB
PECTOPaHHOTO TOCMOAAPCTBA. 3alPONOHOBAHO TEXHOJOTiI0 NPHUTOTYBAaHHS TICTAa 3 CyMIllli NIUIAXOM JOJABAaHHS TiAPOMOMIYJS 3 IOAAJBIIONO
HETPHBAJIOK0 EKCIIO3MLIIEI0, 110 O3UTUBHO BIUTHBAE HA CMAK 1 SIKICTh KyJTiHAPHUX OOPOLIHSHHX BHPOOIB, @ BAKOPUCTAHHS CH3MMHOTO KOMILIEKCY,
OopolHa amapaHTy i po3MyllyBaya I03BOJSIE MiJBUIIMTH (HOPMOYTPUMYIOYY 3AATHICTH TiCTa Ta TOTOBHX BHPOOIB MICJISI TEIIOBOI OOPOOKH.
OTpuMaHi pe3ynbTaTH AOBOIATH, IO PO3POOJICHI BUPOOH HE MICTSITh IJTIOTEHY, XapaKTePHU3yIOThCS MiABUIICHOI 0i0JOriYHOIO LiHHICTIO 1 GBI
HH3BKOIO COOIBapTICTIO B IIOPIBHSHHI 3 iCHYIOUNMH aHAJIOTaMH.
KurouoBi ci10Ba: 6e3rii0TeHOBA IPOAYKLIs; aMapaHTOBE, PUCOB Ta, KYKYpy/I3siHE OOPOIIHO; eH3UMH; 0i0JIOriYHA LiHHICTS.
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HAYYHBIE ACIHEKTBI PA3PABOTKH U OBOTAIIIEHUSA CYXUX CMECEMN JIJIS1 TIPOU3BOJICTBA
BE3I'TIOTEHOBBIX KYJUHAPHBIX U3IEJUN

Cratbs IOCBANICHA aKTyaHLHOﬁ TEME, HaHpaBHCHHOﬁ Ha peHICHue Hp06JICMI)I pacmupeHust aCCOPTUMEHTA 0E3rII0TEHOBBIX TIPOAYKTOB IHUTAHUS.
HpOI/ISBOI[CTBO 0E3rITI0TEHOBOI MPOAYKIINU CBA3aHO HE TOJIBKO C BpO)KHeHHOP’I MaToJIoTUeH! - HeﬂHaKHeﬁ, HO U C PE3KUM CHMKECHUEM CI)CpMeHTHOfI
AKTUBHOCTHU YCBOCHUSA OCJIKOB HE TOJBKO MILIEHHYHON MYKH. OCHOBHyIO JOJIK0 Ha YKPAUHCKOM PBIHKE HOZ[OGHLIX TOBApOB 3aHUMAIOT IPOAYKTHI
HUMIIOPTHOT'O MPOU3BOACTBA, KOTOPBIC 3HAYUTCIBHO HNOPOKE, WJIN MPOAYKTHI OTECUCCTBCHHOI'O MPOU3BOAUTEIA, HO COACPIKAIIUE HOPOTOCTOAIINEC
HUMIIOPTHBIC COCTaBJIAIOIINC. B pe3yabTaTe HCCTIeIOBAHUI pa3p360TaHa penenrypa OC3MITIOTEHOBBIX MAHKCHKOB HAa OCHOBE CMECH CyxXux
KOMITIOHECHTOB U3 KyKypySHOﬁ, pHCOBOﬁ, aMapaHTOBOﬁ MYKH. VYcTraHoBlIeHa ONTHMaibHas BIaXHOCTh TeCTa W JI03UPOBKAa KOMITIOHCHTOB 1A
BBIIICKAHUSA B JOMAIIHUX YCIIOBUAX HWIH B YCIIOBUAX ITpCI[l'IpI/ISITI/Iﬁ PECTOPAaHHOT'O XO3STUCTBA. HpeI[J'IO)KeHa TEXHOJIOTHS TIPUTOTOBJICHUSA TECTA U3
CMECH ITyTEM HO6&BJ’I€HI/ISI ruapoMonyis ¢ HOCJ’IBI[y}OH.IefI HEJUTUTETHHOU 3KCI'IOBPII.IPIGI>‘I, YTO IOJIOKUTECIIBHO BIIUACT HAa BKYC U Ka4U€CTBO KyJIMHAPHBIX
MYYHBIX H3HCHHﬁ, a HCIOJIB30BAHUE DJH3UMHOI'0 KOMIUIEKCA, MYKH aMapaHTa W PaspbIXJIUTCIIA [O3BOJICT IIOBBICUTH (bopMoyz[ep)KHBa}omy}o
CITOCOOHOCTh TECTA M TOTOBBIX W3ACTHNI TOCNe TETJIOBON 06pa6OTKI/I. HOJ’Iy‘ICHHBIC PpE3YIbTaThl NOKA3BIBAIOT, YTO pa3pa60TaHHbIe nu3aenund HE
COAEPKAT INIIOTEHA, XapaKTCPU3YIOTCA MOBBIIIEHHON OMOJIOrMYECKOM OCHHOCTBIO U 0oJiee HU3KOM CeOECTOMMOCTBIO B CpaBHCHHNU C CYHICCTBYIOIIUMU
aHajioramu.
KiioueBble cjioBa: OE3rIIOTEHOBAsE NPOAYKIHUA, aMapaHTOBas1, puCOBas U KyKypy3Hasi MyKa, SH3UMBI; OuoIoruYecKast OCHHOCTD.

Introduction. The problem of insufficient protein
intake is exacerbated for people every year. This is
primarily due to the low solvency of the majority of the
world's population, the low standard of living of the
majority of the population, even in developed countries.
Secondly, even with sufficient wealth, the proteins that
come for assimilation are mostly unbalanced and far
from "ideal" . The third reason is low enzyme activity,
which is lost due to hypodynamic lifestyle and constant
stress. Disruption of protein digestion leads to the
accumulation of breakdown intermediates, which over
time can turn into fats or begin to decompose and form
difficult to excrete toxic substances. Therefore, the

search for a comprehensive solution to these problems
dictates the creation of modern food technologies with
high biological value, high level of digestibility and
digestibility of proteins that have a composition as close
as possible to the "ideal protein".

Celiac disease, as a special case of protein digestion
disorders associated with autoimmune system disorders
and the presence of inflammatory diseases, has become
an impetus in creating common approaches to the
development of food technologies.
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According to [1], gluten-free foods are gaining
popularity every year, because according to most
consumers (especially young people and women) are
associated with diet, weight control, high nutritional
value and more. One of the main criteria of
competitiveness is the price, because according to the
results of analytical studies [2] the price of gluten-free
products is almost twice as much as 100 g than their
counterparts in wheat flour or oatmeal.

According to a preliminary review, the market for
gluten-free products (bakery products, snacks and ready-
to-eat foods, pizza and pasta, condiments and dressings)
is growing [3]. Also, when expanding the range, it is
necessary to focus not only on the cost of the product,
but also on the attractive sensory characteristics and
cooking capabilities both at home and in restaurants.
That is to adhere to the slogan: "economical, convenient,
fast, useful".

Analysis of literature data and problem
statement. The expediency of creating new recipes and
technologies of specialized products is due to their high
demand among the population and a limited range [4].
This includes gluten-free foods, indispensable in the
daily diet of people with celiac disease [5], or those who
carefully take care of their own weight.

In addition to congenital, celiac disease can be
acquired, provoked by excessive consumption of high-
gluten vegetable protein, severe emotional stress or
prolonged pathological effects of other negative factors.
Undiagnosed celiac disease, exacerbated by prolonged
intoxication with cereal gluten, is one of the causes of
secondary immune disorders - type 1 diabetes, mental
retardation, ulcers and tumors in the mouth and
gastrointestinal tract, epilepsy and some other diseases. .

The main method of treatment of celiac disease is
strict lifelong adherence to a gluten-free diet [6, 7].

According to existing facts, almost 1% of the
world's population belongs to patients with celiac
disease, and 5% of the world's population - are
predisposed to this disease and also require a strict diet
[8]. Therefore, today it is quite popular to follow a
gluten-free diet for people who do not have a clinically
confirmed diagnosis, in order to prevent celiac disease
and its accompanying symptoms.

Currently, a small set of products (Gluten free
products) is used in world practice, where gluten-free
cereals such as rice, buckwheat, corn, millet and
amaranth are used as basic ingredients [9-12].

Some clinical studies show that patients with celiac
disease consume products containing oats without further
signs of inflammation of the intestines [13]. However,
there is no clear decision on the inclusion of this cereal in
a number of gluten-free.

Of interest is the foreign experience of using
amaranth in gluten-free foods. It is important to note that
amaranth protein has shown no toxicity in patients with
celiac disease [14].

Studies have shown that there are many cereals that
are "gluten-free" and have a wide range of health
benefits. Rice, amaranth, quinoa, corn contain phenolic
acids, flavonoids, minerals, vitamins and some trace
elements that promote good health. Various studies have

shown the anticancer, antimicrobial and anti-
inflammatory effects of these cereals, as well as their
non-toxic nature, high bioavailability and pharmaceutical
activity. However, it should be borne in mind that the
consumption of such products should become daily,
which in turn emphasizes the need to expand the range of
gluten-free products.

The FAO Annual World Food Security Report 2017
reports an increase in malnutrition of 515 million
compared to 777 million. Another report by the United
Nations Children's Fund (UNICEF, 2009) and the World
Health Organization (WHO, 2005) states that about one
hundred and fifty million children under the age of 5 in
the world suffer from malnutrition and are underweight
due to unbalanced contain of protein in food. To
overcome these negative aspects and address food
security challenges, approaches have been developed to
create high-quality culinary semi-finished products that
can meet current nutrient and nutraceutical needs for the
general population, including those in need of social
protection. The research results will be useful for
technologists of the food industry and restaurant business
to create cases of technologies that provide the
population with safe long-term semi-finished products,
from which you can easily prepare unique innovative
products with functional characteristics and nutraceutical
potential effectived to health population.

Rice flour is the leader among all cereals in terms of
protein and starch content. Lack of gluten, richness of
vitamins, minerals, trace elements and useful properties
of rice flour have made it a constant component of baby
food and diets. However, when swollen, the dough has a
slight rise, and after heat treatment, the baking falls,
although have a pleasant taste. Corn flour contains calcium,
magnesium, potassium, iron, vitamin B. Rich in starch, easily
absorbed by the body. Contains fiber. The taste of corn flour
stands out, among the tastes of other types and varieties of
flour. The dishes have a bright taste, which does not require
further addition of spices. The flour has a slightly sweet taste,
during fry, it becomes viscous, and when cooled densed, so it
requires the addition of baking powder or structurants.
Amaranth is interesting with a high protein content of 12-
23%. This is much higher than most other crops.
Amaranth protein contains essential amino acids: lysine,
isoleucine, methionine, threonine, tryptophan, leucine,
the content of which is many times greater than their
number in wheat, rice, oats and corn. This makes
amaranth protein more complete, increasing its amino
acid score to 75. Amaranth is rich in polyunsaturated
fatty acids, including omega-6. Compared to other
cereals, amaranth grain contains biotin, riboflavin,
folacin, as well as tocotrienols and squalene. Amaranth,
as well as other cereals, is characterized by a high
content of minerals such as potassium, magnesium,
selenium and iron [15-18].

The work of researchers of many countries of the
world and in particular of the leading Ukrainian
scientists, such as: V.I. Drobot, A.M. Grishchenko [19],
V.V. Dorokhovych [20], A.M. Dorokhovych [21], O.G.
Gubskaya [22], K.G. Torgachova [23], G.B. Rudavskaya,
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N.V. Prytulskaya, E.V. Tishchenko [24], O.V. Babich
[25] are devoted to the question of development of
technology of gluten-free bakery products.

In Ukraine, the range of gluten-free products is
formed mainly through imports (cookies, pasta, bread,
pizza bases, chips, candy, dry baking mixes). Among the
domestic producers on the market are the products of the
brands "World'srice", "Zhmenka", "Ms. Tally","Healthy
Tradition "(flour, pasta, bread), which is marked "crossed
out spikelet". However, the first manufacturer that in
2019 officially received the right to use this designation
was LLC "Cascade" ("Ms. Tally") [26].

However, the issue of amino acid balance and
modeling of prescription components is considered for
the first time in terms of a high level of digestibility,
attractive organoleptic characteristics and effective
manufacturability.

General provisions of the experiment. The
developed mixture for the manufacture of pancakes as
recipe components contains gluten-free types of flour
(rice, corn, amaranth). As a supplement to the amino acid
composition and as technological components of the

mixture, were added egg powder, skim whey, coconut
flour. The sweet and aromatic components were a sweet
extract of stevia leaves, table salt and vanillin. A mixture
of baking enzymes, baking soda and citric acid were used
as leavening agents in a ratio that provides a complete
flow of the soda neutralization reaction with acid in in a
certain amount of water with the release of a sufficient
volume of CO; gas in finished product, which does not
contain foreign flavors. During the analysis of finished
products, generally accepted and special methods for
assessing the quality and technological properties were
used. The total amino acid content was determined by
calculation. Standard methods of statistical and
correlation analysis (MS Excel application package)
were used for statistical processing of experimental data.

Results and discussion. The recipe composition
was selected according to organoleptic parameters and
taking into account the content of essential amino acids
in the flour, to ensure the functional properties of the
product. In the table. 1 shows a comparative analysis of
the amino acid composition of the mixture for gluten-free
pancakes with "ideal protein".

n

Table 1. Comparative analysis of amino acid composition mixture with "perfect protein"
2/100 g of "ideal protein" |g /100 g of the mixture % of "ideal protein"

Indispensable
valine 3,5 1,2 33,5
isoleucine 2.8 1,3 45,9
leucine 6,6 2,2 33,9
lysine 5, 1,7 20,1
methionine (*) 2,5(0,9) 0,63 36,2
threonine 34 0,85 24,9
phenylalanine (**) 6,3(2,9) 1,7 46,3
Replaceable
alanine 1,5
arginine 1,9
aspartic acid 2,6
histidine 0,7
glutamic acid 4.4
proline 1,2
serine 1,1
tyrosine 1,3
glycine 1,3
cysteine 0,3
tryptophan 0,6

* Methionine + cysteine; ** Phenylalanine + tyrosine

The study of amino acid composition showed that
the developed composition contains all essential and
substitute amino acids. Essential amino acids are found
in amounts up to 20 percent or more in comparison "ideal
protein”, which proves the high biological value of
development.

It should be noted that these data refer to a portion
of finished culinary products weighing 260 g. That is, as
a recommendation, we can offer for daily consumption
such pancakes as a full-fledged replacement of one meal.

These ratios of components allow you to their own
production food with high organoleptic characteristics,
without spending a lot of time on baking and preparation
of raw materials, such as milk and eggs, because all these
components, which enrich the finished dish and give it
flavor, are included to the composition of the semi-
finished product in contrast to the existing domestic and

imported analogues, to which producers recommend
adding milk and eggs.

The block diagram of the technological process of
production of dry gluten-free mixtures for pancakes is
presented in Fig. 1. A method of preparing pancakes
from this mixture was also developed, which consisted in
adding 180 ml of prepared drinking water (t = 20-30 °C)
to 100 g of the mixture, thorough rapid mixing to a
homogeneous plastic mass, exposition the resulting
dough for 15 min, re stirring and then baking in a hot pan
for 2-3 min on each side of the product to form a ruddy
crust. If necessary, you can add 1-2 ml of oil before
baking in a pan or in a mixture prepared for baking.

In the table. 2 shows the organoleptic characteristics
of finished culinary products.

In the table. 3 shows the regulated quality indicators
for the dry mixture for baking pancakes.
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Table 2 Organoleptic characteristics

Name Mixture for gluten-free pancakes Gluten-free pancake culinary product
indicators
Appearance Powdered mixture without foreign inclusions and lumps. All The products are round, without gaps at the
and components provided by the recipe are evenly distributed by volume. |edges, toasted, the surface is ruddy on both
consistence| Inclusions are allowed due to added additives, according to the recipe |[sides.
Color White with a light cream tint From golden to light brown
Smell [Weak corn odor without foreign odors, not musty, not moldy. Inherent| Inherent in the culinary product after frying
in this type of product with a pronounced taste and smell of the| and the introduced components, pleasant
additives used. vanilla-coconut taste
Taste Free of any foreign smell and/or taste Inherent in the product, with a taste of corn,
coconut, sweet, without the taste of baking
soda, moderately salted

| Preparation of raw materials I

W W

i 7

Flour (rice, corn, Egg powder, whey,
amaranth. coconut) modified corn starch

Stevia, Baking powder

vanillin, salt

v v

! v

Screening (sieve 0,1... 0,25 mm)

)2

| Mixing ingredieats I

v

| Packing, marking I

!

Storage W = 15,5-18,1%, t=16... 25°C

Fig. 1. Technological scheme of production of dry gluten-free mixture for pancakes

Table 3 Regulated indicators of dry gluten-free mixtures for pancakes

Name indicators Mixture for gluten-free pancakes
Alkalinity, no more, grad. 15,0
Mass fraction of reducing sugars, no less, % 10,0
Mass fraction of moisture, no more, % 10,0
Mass fraction of metal impurities (particles not more than 0.3 mm in the largest 3-10%
linear measurement),%, not more
Admixture Not allowed
Infection with pests of grain stocks Not allowed

The data in the tables prove the high quality of the
mixture and ready-made culinary products based on it.
Dishes have a high biological and nutritional value and
can be competitive in the market of similar goods both in
Ukraine and abroad.

Conclusions and prospects for further
development of this area. Gluten-free food has become
a characteristic feature of nutrition and life in the third
millennium. The growing number of patients with gluten
intolerance - celiac disease - insufficient enzyme activity
of proteases and lipases, lack of complete protein, leads
to increased consumption of gluten-free foods, balanced
in amino acid composition. In addition, many people
around the world have begun to consume gluten-free
foods, not only because of the diagnosis of celiac disease,
but also because of the general idea of maintaining health
and preventing other diseases such as diabetes and
obesity. Intensification of marketing activities and
improvement of sales channels contribute to the need to
produce products that do not contain gluten and have a
high biological and nutritional value. The presence of
gluten-free semi-finished products for easy cooking
makes it possible for those who need and want to change
their diet, get healthy and enjoy the relatively wide
potential of healthy home cooking.

However, a completely regular part of most
consumers' lives is visiting restaurants, cafes, other

public catering establishments or catering in hotels while
traveling. For people who follow a gluten-free diet,
choosing food on vacation and on business trips often
becomes a difficult task, as the wvast majority of
restaurants do not post information about the presence of
potential allergens on the menu and do not have the
appropriate certificates. This may indicate gluten
contamination of foods positioned as gluten-free, which
may occur due to cross-contamination in warehouses or
production facilities, the use of kitchen utensils that are
not properly sanitized after cooking, ignorance of staff
and more. Thus, according to an online survey conducted
by researchers in the United States (New York), 63% of
respondents said that they avoid eating in restaurants due
to a gluten-free diet or consume restaurant products
much less often than the general public. In general, for
this group by of visits to the restourant can often pose a
serious health risk.

In Europe, almost every major city has 4-5
restaurants with a gluten-free menu. In ukrainian
hospitality establishments of the assortiment of gluten-
free products of own production is insignificant and
needs expansion. Many companies do not have separate
"gluten-free" production facilities and include in the
menu purchasing products of foreign production.

Thus, there is a need to expand the range of semi-
finished products with a high degree of readiness to
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produce healthy and balanced food for people suffering
from celiac disease or having problems with protein
digestion. Introduction of such mixtures in the
production of domestic enterprises with further sale in
mass markets, restaurants, cafes, bakeries, cafes,
confectioneries, specialized cafes, as well as restaurants
at hotels, sanatoriums, clinics and other health facilities
with sports, children's and herodietic services and dietary
nutrition is important for the implementation of public
health strategies.
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