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Abstract

Background. “Urbech” — traditional national product of Dagestan peoples re-
cently found increasing popularity among adherents of a healthy diet. Urbech made
according to traditional recipes retains its properties when stored for more than 1-2
years. Nowadays urbech range is constantly expanding. Some of the new types of
urbech can spoil in 5-7 days.

Materials and methods. The samples of urbech made from coconut flakes and
dried mulberries spoiled most quickly, peanut urbech with grated cocoa beans and
date syrup, and sesame urbech with honey. The urbech has been treated with anti-
oxidants and mild preservatives and has been exposed to gamma radiation. Using
standard methods, the authors have determined humidity, pH, acid number of fat,
viscosity, the number of pathogenic microorganisms, including salmonella, QMA-
FAnM, coliform bacteria, yeast and moldy fungi, osmophilic yeast.

Results. The introduction of antioxidants has increased the best before date of
urbech by 7-14 days. Mild preservatives have had no effect on increasing the best
before date of nut butter. The drug Polybiom has increased the best before date
of urbech by 21-28 days. The study of the urbech microbiological indicators with
obvious signs of spoilage has shown that the number of pathogenic microorgan-
isms, including salmonella, QMAFAnM, coliform bacteria, molds and yeasts does
not exceed the values regulated in TR CU 021/2011. Treatment of the urbech with
gamma radiation has shown that the radiation dose of more than 2 kGy leads to the
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change in its organoleptic properties. Osmoresistant microorganisms are present in
all the variants. Compared to the control samples, with an increase in the radiation
dose, the osmophilic microflora decreases from 10 to 55 times.

Conclusion. During the storage of newly developed types of urbech, it has been
found out that its spoilage is not associated with the natural processes of fat oxida-
tion. No microorganisms above the values regulated in TR CU 021 have been found
in the urbech. Osmophilic microorganisms develop in the experimental samples of
the urbech. Gamma irradiation of urbech at a dosage permissible for food up to 10
kGy reduces the amount of osmophilic microflora up to 55 times. When treated with
radiation at a dose of up to 2 kGy, the urbech organoleptic properties are preserved.
Accordingly, the treatment with ionizing radiation at the doses up to 2 kGy is effec-
tive for preserving organoleptic and microbiological parameters urbechs, including
osmophilic yeast, which is not regulated by the regulatory documents in the Russian
Federation, for a certain period of storage. To study the causes of the urbech spoilage,
further detailed studies of microorganisms and their metabolic products are required.

Keywords: urbech; microorganisms; osmophilic yeast; antioxidants; Mild pre-
servatives; gamma irradiation; kGy; doses of ionizing radiation
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Hayunas cratbs

MU3YUYEHUE BJIUSHUS TAMMA-U3JIYUYEHUSA
HA AHTUBUOTHYECKYIO AKTUBHOCTbH
OCMOYCTOMYUBON MUKPOBUOTHI
B HEKOTOPBIX BUJIAX YPBEUEN

P.T. Tumaxosa, A.A. Xnonoes, E.C. JIvioenxo, C.0. Huxumun

Annomayus

OGocHoBaHHe. YpOed — TpaANUIMOHHBIM HAalMOHATBHBIN MPOIYKT HAPOTOB
JlarectaHa B IOCJIEHEE BPEMsi HAXOJUT BCe OOIbIIEE PACIPOCTPAHCHUE CPEIH
IPHUBEPKEHIIEB 3[0POBOTO MHUTAHUA. YpOed, H3TOTOBICHHBIN 10 TPaIUIIHOHHBIM
perenTypam, COXpaHseT CBOHM CBOMCTBA PH XpaHeHNH Ooree 1-2 eT. ACCOPTUMEHT
ypOeueii mocTosHHO pactupsieTcs. [Ipi 5ToM HEKOTOpBIe M3 HOBBIX BUAOB ypOeuei
HOPTATCS B TeUeHUeE 5-7 CyT.
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Marepuaiisl 1 MeToabl. Hanbonee ObicTpo moptuinuck o0pasiusl ypoeueid u3
KOKOCOBOW CTPY’KKH U BSJICHBIX SITOJ IICJIKOBHIIBI, apaxXHCOBBINA ypOed ¢ TePTHIMU
Kaka0-000aMu 1 (PUHHUKOBBIM CHPOIIOM, a TAK)KE KYH)KYTHBIH ypOed ¢ Memom. Yp-
Oeun ObuTM 00pabOTaHbl AHTHOKCUIAHTAMH U KOHCEpBaHTaMU MATKOTO JIHCTBUS,
00paboTaHbl raMMa-u3nydeHueM. Onpenensim BIaXHOCTb, pH, KHCIIOTHOE YUCITo
JKHUPa, BA3KOCTH 110 CTAHJAPTHBIM METOJUKAM, KOJIMYECTBO ITaTOI€HHBIX MUKPOOP-
TraHu3MOB, B T.4. canbMonei1, BI'KII, npoxokeli n miiecHeBebIX rpuboB, 1 0CMO-
(UIBHBIX JPOXIKEH.

PesyabraThl. BBeieHIEe aHTHOKHUCIUTENEH YBEIMYMIO CPOKU TOAHOCTH ypOe-
yeii 1o 7-14 cyt. KoHcepBaHTbBI MATKOTO JICHCTBHS HE OKa3aJi BIMSHUS HA YBEJIH-
YEeHHUE CPOKOB roiHocTH ypoeuei. [Ipenapar [TonnbnoM yBearymi1 CpOKH rOXHOCTH
ypbeueii 1o 21-28 cyt. MccnenoBanre MUKpOOHOIIOTHUECKUX TTOKa3arenel ypoe-
Yyel ¢ SIBHBIMH IPU3HAKAMHU IIOPYH MOKA3aJI0, YTO KOJMYECTBO MATOTCHHBIX MH-
KpOOpraHusMoB, B T.4. canbMoHem, KMA®AuM, BI'KII, nneceneit u npoxoxei
HE NpEeBbIIIACT MoKa3aHui, periamMmeHTupoBaHHbiX B TP TC 021/2011 3HaueHui.
O0paboTka ypOedeil raMMa-u3IIydeHueM TI0Ka3ala, 9To J03a M3Jy4YeHHs CBBIIIE
2 kI'p NpUBOAMUT K M3MEHEHHUIO OPraHOJENITHYECKUX CBOWCTB. Bo Bcex oOpasmax
ypOeueli MpUCYTCTBOBAJIM OCMOYCTOMYMBBIE MUKPOOpraHu3Mel. [1o cpaBHEHUIO ¢
KOHTPOJBHBIMH 00pa3aMy NMPH yBEIHIECHUH 036l U3TyUSHUS] CHIDKEHHE OCMO-
bubHOM MUKPOQIOpPEL Ipoucxoaut B 10-55 pas.

3axJir0ueHne. B mpouecce XpaHeHHs HOBBIX pa3paOOTaHHBIX BHIOB ypOeuei
YCTaHOBJICHO, YTO 110pUa HE CBSI3aHA C €CTECTBEHHBIMHU MPOLIECCAMU OKUCIICHUS KHU-
poB. B ypOeuax He 0OHapyKeHbI MUKPOOPTaHU3MBbI, CBBIIIE PEIIAMEHTHPYEMbIX B
TP TC 021 3nauennii. B onbiTHBIX 00pa3uax ypoeueii pa3BuBatoTCcsi 0CMOGUIbHbIE
MHKPOOpTraHu3Mbl. ['aMMa-o0aydeHue ypoeueit mpu JomyCTUMOMR ISl TPOIYKTOB
nmuTaHus 103upoBKe 10 10 k[p cHIDKaeT KOJTMYeCTBO OCMO(HIEHON MUKPODIOPHI
ot 10 1o 55 pa3. Ilpu o6paboTke nzmydeHuem 1030 10 2 kI'p coxpaHsrores opra-
HOJICTITUYECKUE CBOWCTBA ypOeueit. COOTBETCTBEHHO, 00pab0TKa HOHU3UPYIOIIUM
n3ITydeHueM 103aMu J10 2 KI'p 3 peKkTHBHA T COXpaHEHUsI OPraHOJIETITHYSCKUX U
MHUKPOOHOJIOTHYECKUX TIOKazaTesel ypoeuei, B TOM YKciie HeperaMeHTHPYEMbIX
HOPMAaTHBHBIMH JJOKyMEHTaMu B P® ocMO(UIBHBIX APOXKIKEH, HA OTIPE/ICIICHHOM
neproze XpaHeHus. JIJist ucciuenoBaHus IPHYIMH NOpYX ypOedeid TpedyeTcs mpoBe-
JICHHE JAIbHEWIIHNX YIITyOJICHHBIX UCCIIEJ0BAaHUH MUKPOOPTaHU3MOB U ITPOIYKTOB
X XKU3HCACATCIbHOCTHU.

KuaroueBble ci10Ba: ypOeu; MUKPOOPTaHU3MBI; OCMO(UITEHBIE APOJIKH; AHTHOK-
CHJIaHTBI; KOHCEPBAHTBI; FaMMa-u3TyueHue; Kl p; 1032 HOHU3UPYIOIIETro U3y YeHUs

Jas uurupoanns. Tumakona, P. T., Xnonos, A. A., JIsibenko, E. C., & Hu-
kutuH, C. O. (2025). N3yueHue BIUSHUS raMMa-U3JIydeHHUsS Ha aHTHOMOTHYEC-
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CKYI0 aKTHBHOCTH OCMOYCTOMYHBON MHKPOOHOTBHI B HEKOTOPBIX BHIAaX ypOeueii.
Siberian Journal of Life Sciences and Agriculture, 17(3), 424-452. https://doi.
org/10.12731/2658-6649-2025-17-3-1133

Introduction

The article discusses the issues related to ensuring the urbech microbiologi-
cal safety, osmoresistant microorganisms in particular, as a result of its treatment
with different doses of ionizing radiation.

Numerous ethnographic studies conducted at various times on the territory
of Dagestan indicate that urbech is a traditional national dish of this region in-
habitants [6]. Many peoples of the world use oilseeds, nuts, and honey as food,
but only in Dagestan a dish from curly flax seeds ground on the stone millstones
of a mill with the addition of melted butter and honey has appeared. Flax seed
contains antioxidants (selenium and vitamin E), which prevent lipid oxidation,
which affects the storage capacity of nut butter. The secret of urbech modern
popularity is determined by traditional technologies, natural ingredients and
minimal heat treatment, which has been highly appreciated by supporters of the
healthy diet. Initially, urbech was prepared by craft and referred to food products
of non-industrial manufacture. Nowadays, the urbech assortment is expanded
due to the use of pumpkin seeds, stirrups, coconut flakes, stone fruits, oilseeds,
amaranth, etc. Instead of honey, other ingredients for functional purposes are
added to its composition: mango, cranberry, banana, strawberry, date syrup, etc.

In addition to urbech, dishes made from tahini (sesame butter) and hummus
(chickpea flour) are widespread all over the world. The name “tahini” comes
from the Arabic “tanina”, from “tanin” - flour, from “tanana” - to grind. To pre-
pare tahini, one uses sesame seed butter, to which lemon juice, oil or water, salt,
and spices are added [20]. Tahini has grown in popularity around the world,
especially in using in vegetarian recipes, as it adds rich flavour to dishes [34].
Hummus is a traditional Arabic dish made from chickpea flour and served as a
side dish or as an appetizer.

The humus popularity is growing around the world now. Its value is deter-
mined by chickpeas, a high-protein plant from the legume family, which is used
for food by animal meat quitters. Reducing beef consumption helps reducing a
number of lifestyle diseases such as cancer, diabetes, oncology and hyperten-
sion. The production of 1 kg of chickpeas requires 350 liters of water, and the
production of 1 kg of beef requires 15400 liters [16].

Urbech, tahini and hummus are made from the ground fruits of various
plants. However, grinding technologies in different parts of the world differ in
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their national characteristics. So, the technology for producing urbech is that
the raw material is ground not on metal millstones, but on the millstones made
exclusively of stone. It is believed that grinding seeds by using stone protects
their energy, preserving their beneficial properties.

Before grinding, contaminants are removed from the raw material, the
peeled seeds and nut kernels are fried, which leads to the acquisition of char-
acteristic taste and technological properties [2]. When deviating from the set
temperature during frying, changes occur in the taste and technological proper-
ties of the raw material. The resulting paste is mixed with sweet syrups, honey,
ghee, and then dried and crushed fruits, berries and candied fruits are added.
Along with it, the introduction of new ingredients into the traditional recipe
with new food combinatorics creation can lead to different atypical reactions.
Thus, mixing sesame butter with honey almost always gives sour taste after
2-3 weeks of storage.

Expanding the distribution geography and increasing the complexity of lo-
gistics requires research to ensure microbiological safety indicators and to de-
termine the best before date and storage conditions of the finished product. Not
all ingredients can be subjected to significant heat treatment to destroy surface
microflora while preserving their natural color, taste and smell.

At the same time, insufficiently high temperature and duration of raw mate-
rials heating while preparing urbech can cause food poisoning. Gram-negative,
motile, non-spore-forming, facultative anabolism Cronobacter spp., classified
as a member of the Enterobacteriacea family, is often found on the surface of
spices and dried fruits [21].

In recent years, there has been an increase in the nut production in the
world. Nuts are very susceptible to contamination by pathogenic microflora,
including Salmonella, which has led to the significant change in the approach
to these products processing and handling using modern thermal and non-ther-
mal methods to combat pathogens and the factors affecting their effectiveness
[27]. Bacteria of the Cronobacter species, which pose the great danger to hu-
man health, can also be found in dry food mixtures [19]. It is known that honey
is a shelf-stable product. At the same time, honey contains the great amount of
undesirable microflora in its inactive state - mainly these are osmophilic repre-
sentatives of unicellular fungi and fungus-like bacteria [4; 15; 31]. After mixing
honey with pastes from seeds and nuts, the preservative properties of honey may
deteriorate and cause spoilage of urbech.

Fat-containing products, which include urbech with the fat content of more
than 20%, may not be subjected to ozonation for disinfection, despite the fact
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that such a technique is compatible with organic food processing. Ozonation
causes the oxidation of fatty acids, enzymes and proteins in cell membranes,
envelopes and cytoplasm. Ultraviolet radiation is not effective because it has
low penetrating power and can cause changes in genomic material.

To suppress the causative agent of salmonellosis in tahini and hummus, the
addition of acetic and citric acids in dosages of up to 0.5% has been effective
[25]. To suppress Salmonella spp. and Listeria spp. the scientists have proposed
to use the antagonistic effect of the Lactiplantibacillus plantarum and Compani
Lactobacillus alimentarius strains [18; 23].

It has been established that when sesame seeds are roasted, some microor-
ganisms also retain their activity. To decontaminate them, microwave radiation
has been used, which has resulted in almost complete suppression of microbio-
logical activity [29]. The literature contains information on the inactivation of
Salmonella a temperature of 110...150°C [33].

It is known that the salmonella activity in tahini can be suppressed by adding
the extracts of essential oils of various plants. However, these extracts have also
changed the organoleptic properties of tahini [25]. Plant extracts having antiox-
idant properties can have the certain effect on extending the best before date of
vegetable oils [8], but to ensure their microbiological safety research is required.

Foods and ingredients with low water activity are often the sources of patho-
genic microorganisms that cause food poisoning. Such microorganisms stay
alive for several months and even years in food products and their production
workshops [28].

Dangerous microorganisms such as Salmonella enterica and Listeria mono-
cytogenes can easily survive in date paste and syrup at a temperature of +4°C
for more than 90 days. Consequently, the possibility of contamination of the
finished product during its manufacturing must be completely excluded [32].

To destroy osmophilic microorganisms that can appear in the food products
with low water activity, traditional types of processing in the form of thermal
heating, drying, baking and frying in oil are not effective ways to deactivate
pathogenic microflora. To destroy such microflora, it is required to observe
more strict processing conditions using traditional methods or other methods,
for example, steam treatment, treatment with moist hot air, since temperature
in combination with moisture significantly reduces the thermal resistance of
microorganisms [24]. This category of non-traditional processing methods also
includes extrusion processing, irradiation, and radio frequency heating. The
choice of one or another method of processing food products and raw materials
for them depends on the chemical composition, recipe and other factors [17].
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The use of low-frequency ultrasound increases the efficiency of drying plant
raw materials and inactivation of microorganisms maintaining food properties
such as texture and nutritional value at the same time. The use of ultrasonic and
osmotic dehydration reduces water activity, increases the ability to rehydrate,
improves product color and reduces nutrient losses [14].

The principle of food resources preservation plays an important role in food
security governance in accordance with the Sustainable Development Goals
(SDGs) [11]. According to FAO, annual losses for oilseeds, because of micro-
bial spoilage in particular, amount to up to 20%. Microorganisms enter raw
materials mainly from the environment (as the surface of plants has its own
epiphytic microflora) and partly through technological equipment.

The Russian Federation monitors compliance with the law in the field of
ensuring the safety of food resources and agricultural raw materials, taking into
account generally accepted international standards, which contributes to the
harmonious development of the national food safety control system [10; 11].

Traditionally, perishable food products, agricultural food raw materials are
subjected to radiation treatment in order to ensure their microbiological safety,
to destroy insects and pests, to inhibit germination and to extend the best before
date of plant products and for quarantine phytosanitary disinfection [5]. The
effectiveness of ionizing radiation exposure depends on the radiation dose, the
type and strain of the microorganism and the radiosensitivity of the microor-
ganisms and the type and condition of the product itself [1; 9]. Thus, a dose of
0.10-0.97 kGy leads to a 10-fold decrease in the number of Escherichia coli, a
dose of 1.0-2.3 kGy leads to complete inactivation, the number of Salmonella
decreases respectively at a dose 0.15-0.80 kGy and they become inactive at a
dose of 3,7-4.8 kGy. As for mold, a dose of 0.06-0.60 kGy leads to its 10-fold
decrease, and a dose of 1.3-11.0 kGy leads to its complete inactivation. As for
Clostridium, doses of 0.8-2.5 kGy lead to its 10-fold decrease, and a dose 19.0-
37.0 kGy results in its complete inactivation, etc. This proves that it's necessary
to perform practical testing of the radiation use at different doses for various
types of food products and agricultural raw materials.

One of the most effective ways to ensure the microbiological safety of food prod-
ucts is the use of radiation treatment. Foodborne infections are caused by consuming
food products contaminated with pathogenic and opportunistic microflora; conse-
quently, such processing is the most optimal way to ensure safe and high-quality
products, for consumers with immunodeficiencies (cancer patients) in particular [7].

Although low moisture foods (LMF) have been defined as foods with
water activity (aw) of less than 0.85, and they are generally considered to be
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less susceptible to microbial spoilage and the foodborne pathogens growth,
(e.g. in tahini and hummus), new inactivation methods are required, includ-
ing radiation treatment, which can disrupt DNA or RNA or other bacterial
structures, and which is effective for foods with varying moisture levels,
resulting in subtle changes in texture, flavour and nutritional properties of
products [31].

They have established the gamma irradiation effect on the Escherichia coli
O157:H7 strain and microbiota inactivation in tahini: the number of E. coli
O157:H7 decreased 10 times when treated with gamma radiation at the doses
from 0.31 to 0.39 kGy. In unfavorable situations for microorganisms, the radi-
ation resistance of E. coli O157:H7 decreases (P < 0.05). The irradiation dose
of 1 kGy reduces the number of E. coli O157:H7 and microbiota in tahini by
2.6-3.2+10 1 CFU/g and 1.6 * 10 1 CFU/g, respectively (P > 0.05) [30].

When treated with gamma radiation at the doses up to 4 kGy of tahini halva
or its main ingredient tahini, previously inoculated with fresh or dried cultures
of the tested microorganisms separately Salmonella spp., Listeria monocyto-
genes and Escherichia coli O157:H7, it has been found out that when the mi-
croorganisms are dried, the resistance coefficient decreases Salmonella and L.
monocytogenes to gamma radiation up to 0.85 and 0.73 respectively, compared
to the cells not subjected to desiccation, as it has not affected the resistance of
E. coli O157:H7. Gamma irradiation at the doses ranging from 0.1 kGy to 0.6
kGy is effective in suppressing Salmonella enterica, Listeria monocytogenes
or Escherichia coli in hummus [17]. Treatment with gamma radiation doses
of 1.5 kGy and 2.5 kGy ensures the extension of the best before date of the
hummus packed in laminated bags when stored at a temperature of +4°C and
compliance with microbiological indicators [26]. Irradiation of nuts used as the
raw material with low doses (< 5 kGy) is effective in destroying pathogenic
microorganisms [22].

The open information base of literary sources does not contain information
concerning the methods of destroying the microbial environment in urbech.
However, problems with microbiological contamination are similar for nuts,
hummus and tahini.

One of the effective ways to inactivate pathogenic microflora is to treat
the finished product with different doses of gamma radiation, which has been
permitted for using in the Russian Federation since 2017 for a number of food
products.

Ionizing radiation is used in the food industry to inactivate microorganisms
in food products [3].
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Problematics

Nowadays, in addition to traditional urbech recipes, manufacturers try to
expand their range by introducing new ingredients. The introduction of new raw
materials requires the comprehensive study of the combined effects of different
raw materials and production technologies. Various types of food products are
produced based on coconut paste, but coconut in combination with honey is
subject to quick spoilage, which is manifested in the coconut fat rancidity. But
when combined with the date syrup and cocoa beans, peanut butter becomes
sour and rancid. Sesame paste - tahini in combination with honey becomes sour
after 2-3 weeks. In case of further storage, acidity increases. It is known that
honey contains various enzymes from the bees’ digestive juice. Grated cocoa
beans may contain lipase, which is formed as a result of the fruit fermentation
for their better separation. Dried mulberries may contain various microorgan-
isms on the surface that survive even after heat treatment. At the same time, the
enzymatic activity of microorganisms is very high.

In scientific research works in the public domain, there is no work concern-
ing variable approach to selecting the effective method for preventing microbial
spoilage of the finished product - urbech, which has determined the purpose of
the experimental research that is to assess the effect of different doses of ion-
izing radiation on the microbiological parameters of some types of urbech, in
particular on the viability of osmoresistant microorganisms. At the same time,
the authors show the sequence of searching the effective way to prevent spoil-
age of urbech by studying the influence of various processing methods (by an-
tioxidants, preservatives or radiation) - on microbiological parameters changes.

Materials and methods

The research objects include 3 types of urbech: the urbech from coconut
pulp with the addition of dried mulberries (CM), the urbech from blanched
peanuts with the addition of grated cocoa beans and date syrup (PCD) and the
urbech from white sesame seeds with honey (SH). For urbech production, raw
materials from different manufacturers have been used.

At the first stage, antioxidants were added to the finished urbech during its
storage in order to prevent fats oxidation and to prevent lipases activation, the
one of microbiological origin in particular. So, the drugs were administered in
the maximum recommended dosage in accordance with the specifications in
terms of the fat amount in the product under study. The enzyme preparation
Long Way (0.15%) from the company “Grein Ingredient”, tocopherol (1.5%),
preparations Antioxidine (1.0%) and Unicons Eco (2.0%), sodium erythorbate
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(1.0%), butyloxytoluene (0.1%), butylhydroxyanisole (0.5%) from the Unicons
Group were tested.

At the second stage, to suppress microflora in urbech, preservatives were
used. Manufacturers classify the used preservatives as “a clean label”: Deztin
(1.0 %), Biatis (0.2 %), Milekons (0.7 %), Glycyrfit (2.0 %), Lysozyme (0.5
%) and Polybiome (0.5 %). The preservatives effect in urbech was tested in
the thermostat. For this purpose, a preservative in the maximum recommended
dosage was added to the experimental samples of urbech weighing 600 g. Then
it was mixed and put in the thermostat at a temperature of +40°C.

At the third stage, the finished urbech was treated with different doses of
gamma radiation at OOO RCOT “Era” using the RTU-3000 installation. Gam-
ma irradiation source is 60 Co, its type is GIK-A6. The process of controlling
the y-radiation treatment was carried out automatically using the computer tech-
nology. Operational monitoring of the absorbed dose was carried out using
CVID (manufactured by state scientific centre VNIIFTRI).

Choosing doses of ionizing radiation is determined by the results of studies
made by WHO, which confirm the safety of an absorbed dose of ionizing radi-
ation up to 10 kGy [10, 12] and the same is proved by a number of researchers
[1;5;9].

In each species group of urbech samples (CM, PCD and SH), the research-
ers have formed control and experimental groups depending on the irradiation
intensity (Table 1).

Table 1.
Symbol of control and experimental groups of urbech treated
with different doses of gamma radiation
Dose of Radia- Species Groups
tion, kGy CM | PCD | SH
Control Groups
0 | CM-0 | PCD-0 | SH-0

Experimental Groups
2;4;6;8;10 CM-2; CM-4; CM- | PCD-2; PCD-4; PCD- | SH-2; SH-4; SH-
6; CM-8; CM-10 6; PCD-8; PCD-10 6; SH-8; SH-10

(compiled by the authors)

Microbiological tests were carried out in an accredited laboratory in accor-
dance with GOST 31659-2012 to identify pathogenic microorganisms, includ-
ing salmonella in 25 g; QMAFAnM - according to GOST 10444.15-94 article 6;
coli bacteria (coliform bacteria) - according to GOST 31747-2012; the amount
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of yeast and moldy fungi - according to GOST 1044.12-2013 article 9; osmo-
philic microflora and yeast - according to GOST ISO 21527-2-2013.

The pH of urbech samples was measured using a pH meter 150M. The ur-
bech viscosity was measured using a rotational viscometer at a temperature of
28°C. Humidity in accordance with GOST 5900-2014, acid number of fat - ac-
cording to GOST R 50457-92.

Experimental studies. The urbech production scheme: rawmaterial puri-
fication; roasting of seeds and nuts (105-120°C); cooling of seeds and nuts
(20-25°C); grinding seeds and nuts on stone millstones (less than 0.1 mm);
tempering honey, cocoa beans (40-43°C); mixing of ingredients (3-5 minutes);
packaging and capping.

After the initial tasting assessment, the nutritional value in the control samples
of each species group was calculated in accordance with the standard methodolo-
gy for defining the nutritional and biological value of food products [13] (Table 2).

Table 2.
Urbech nutritional value, 1g/100g of the product (p<0,05)
Product name Protein, g | Fat,g | Carbohydrates, g | kcal
Ist species group — Urbech SH-0-0 | 12.5+0.4 | 33.6+0.6 35.8+0.3 495
2st species group — Urbech CM-0 12.0£0.4 | 52.5+0.8 24.2+0.2 617
3st species group — Urbech PCD-0 | 22.0+0.5 | 42.2+0.5 17.6+0.1 538

(compiled by the authors)

In the control samples of the 1st species group of the urbech (SH-0) the
highest carbohydrate content was found, that was equal up to 35.8+0.3 g/100g
compared with the samples of the 2nd species group of the urbech (CM-0) and
the 3rd species group of the urbech (PCD-0). This fact can be explained by the
addition of honey to the urbech composition. In the samples of the 2nd (CM)
and 3rd (PCD) species groups, there was the increased fat content up to 52.5+0.8
2/100g and protein -up to 22.0+0.5 g/100g, respectively, due to introducing the
raw material component of coconut and peanuts into the urbech recipe.

Traditionally, urbech is not subjected to heat treatment and it is stored in
terms of positive temperatures no higher than +25°C for up to 1 year. The con-
trol samples of urbech with developed unconventional recipes (SH-0, CM-0,
PCD-0) were placed under provocative background conditions for up to 30
days: temperature +40°C, humidity 75 %, exposure for 30 days, dark place. The
control samples of Urbech SH-0 and CM-0 were stored for up to 5 days without
changing the primary signs of organoleptic indicators, the control samples of
Urbech PCD-0 were stored for up to 7 days.
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Research results and discussions

Humidity determination has shown that in the control samples of Urbech
type SH-0 the moisture content is 5.1+0.3 %, in the control samples of Urbech
type CM-0 it is 4.8+0.3 %, in the control samples of type SH-0 it is 5.1 %, in
the control samples of Urbech type PCD-0 it is 5.3+0.3 %. At this moisture
content, microbiological activity is minimal.

At the first stage of the study, the antioxidants influence on the urbech
preservation was studied based on the results of organoleptic assessment. The
addition of sodium erythorbate, butyloxytoluene and butyloxyanisol in the max-
imum recommended dosages led to a slight increase in the best before date to
7 days in the urbech SH and CM; and up to 14 days in the urbech PCD. During
its keeping, it was found out that the urbech samples deteriorated due to these
antioxidants presence, which resulted in sourness in the urbech (SH); in ran-
cidity in the urbech CM; and in sourness and bitterness in the urbech PCD. At
the same time, the presented antioxidants are successfully used on an industrial
scale in other food products. Accordingly, the most probable assumptions are
that the reasons for the studied urbech samples spoilage are not due to the fats
rancidity as a result of their oxidation. Microbiological indicators in accordance
with the regulated standards TR CU 021/2011 in all the samples of urbech.

At the next stage, the preservatives effect (rowan extract, rosemary extract,
lingonberry extract, glycyrrhite, lysozyme) in urbech samples was studied. The
first signs of spoilage began to appear after 7 days in the urbech CM (rancidity),
and after 14 days - in the urbech SH and PCD - the appearance of sourness and
sourness with bitterness, respectively. When adding the Polybiome preservative,
the best before date of the urbech CM and the urbech SH and PCD increased
to 21-28 calendar days, respectively. For more effective search of pathogenic
microflora at this stage, microbiological studies were carried out in the urbech
with obvious signs of spoilage in the form of decomposition odors and rancid
taste after 21 days (Table 3).

Table 3.
Results of microbiological studies of the urbech samples
with the Polybiome preservative addition
Standard ac-
Indicators cording to TR CM PCD SH
CU 021/2011
Pathogenic microorganisms, in- Not allowed Not Not Not
cluding salmonella in 25 g detected | detected | detected
QMAFAnM, CFU/g (cm3) No more 5-10° | 1,3-10*> | 4,4-10" | 3,8-10%
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Coliforms, not allowed in the prod- 0,01 Not Not Not
uct weight, g detected | detected | detected
Mold, CFU/g (cm3), no more 100 11...18 | 10...14 | 10...17
Yeast, CFU/g (cm3), no more 50 5...8 5...8 5...8

(compiled by the authors)

The research results have shown that in all the samples of the urbech
with the preservative Polybiome addition, despite obvious signs of spoilage
in organoleptic indicators, microbiological indicators correspond to the reg-
ulated indicators in accordance with the requirements of TR CU 021/2011.
It has been assumed that the studied urbech samples contain osmoresistant,
non-gas-forming microflora, which can survive at a substrate humidity of
about 5 %.

At the third stage of the research, the reseachers decided to treat the stud-
ied urbech samples with different doses of gamma radiation (according to the
data in Table 1) and to perform the detailed study of microbiological safety
indicators, including indicators regulated by TR CU 021/2011, as well as
osmophilic microorganisms. This approach depends on the fact that when
studying microbiological safety indicators using standard methods, undesir-
able microflora is not detected, and at the same time, the unsuitability signs
for human consumption have been established in the urbech: the taste and
smell of spoiled products.

The organoleptic properties (colour, smell) have been studied in the control
samples of the urbech (SH-0, PCD-0, CM-0), not treated with ionizing radia-
tion, and in the experimental samples of the urbech species groups (SH, PCD,
CM), treated with different doses of ionizing gamma radiation: 2, 4, 6, 8 and
10 kGy (Tables 4 and 5).

Table 4.
The influence of treating the urbech with different doses
of gamma radiation on its smell
Radiation Samples the urbech
dose, kGy CM PCD SH
0
Cocoqut, Peanut chocolate Sesame-honey
2 sweetish
4,6,8,10 Unusual for the urbech Unusual for the ur-
Unusual for the . . X .
. species, faint smell of bech species, with
urbech species X
cocoa bitterness

(compiled by the authors)
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It has been experimentally established that the odor of the urbech of the
experimental groups changes to the unusual odor for a certain type of urbech
when it's treated with doses of 4 kGy and higher

Table 5.
The influence of treating the urbech with different doses
of gamma radiation on its taste
Radiation Samples the urbech
dose, kGy CM PCD SH
0 C Peanut with chocolate, Sesame-honey,
oconut-mulberry
2 sweet sweet
4 Peanut with chocolate, Sesame-honey, sweet
Unusual for the |sweet with slight bitterness. | with slight bitterness.
urbech species Unusual for the urbech | Unusual for the urbech
species species, poor taste
6,8, 10 Unusual for the Unusual for the urbech
urbech species | species. One can taste only Sesame, poor taste
cocoa

(compiled by the authors)

With an increase in the gamma radiation dose, the urbech taste has changed,
becoming poor, unusual, and weakly expressed. It has been established that the
permissible dose of gamma radiation, which does not affect the change in taste,
for all the groups of urbech experimental samples is 2 kGy; with an increase in
dose of 4 kGy and above, a change in the urbech taste is noted.

Next, the urbech color of control and experimental samples (SH, PCD, CM)
has been studied (Figures 1-3).

Figure 1. Urbech samples Figure 2. Urbech samples made Figure 3. Urbech samples from
from sesame and honey (SH) from peanuts, cocoa beans and coconut and mulberry (CM)
date syrup (PCD)
1 — the control sample (0 kGy), 2 — the experimental sample of the urbech, treated with a dose of 2 kGy,
3 — the experimental sample of the urbech, treated with a dose of 4 kGy, 4 — the sample of the urbech,

treated with a dose of 6 kGy, 5 — the sample of the urbech, treated with a dose of 8 kGy, 6 — the sample
of the urbech, treated with a dose of 10 kGy

The samples of the light-colored urbech (SH and CM) show that as a result
of processing, the urbech has darkened. So, when irradiated with 2 kGy, the
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mass has darkened by half a tone in comparison with the control sample, which
does not worsen the urbech appearance. It has been established that every sub-
sequent 2 kGy darkens urbech by half a tone in comparison with the previous
version. In dark urbech samples (PCD), slight darkening can also be noted.

In addition to organoleptic studies, the urbech viscosity has been studied
(Table 6).

Table 6.
The influence of treating the urbech with different doses of gamma radiation
on its viscosity, conventional units of the device

. Samples the urbech
Radiation dose, kGy oM PCD SH
0 20+1.2 30+1.6 35+1.5
2 21+1.4 34+1.7 41£1.4
4 22+1.3 37+1.8 46+1.6
6 20+1.5 42+1.9 53+2.1
8 22+1.4 45+1.4 60+£2.4
10 23+1.4 48+1.8 77+2.5

The study of changes in the urbech viscosity of experimental groups as a
result of treating them with different doses of gamma radiation has shown that
the urbech viscosity of experimental groups CM has remained practically un-
changed (from 20+1.2 to 23+1.4 conventional units of the device). In the ur-
bech samples of the PCD experimental groups, the viscosity has increased 1.6
times, these samples have been treated with a dose of 10 kGy compared to the
untreated samples. The increase in thickening has been approximately 3-5 con-
ventional units of the device for every 2 kGy of exposure. The samples of the
experimental groups of the urbech SH has turned out to be the most resistant
to irradiation. The increase in viscosity when treated with a dose of ionizing
radiation of 10 kGy has been about 71 %. The viscosity of the urbech with a
maximum irradiation dose of 10 kGy - 77 conventional units of a device.

At the intermediate stage, it can be noted that when urbech is treated with
doses up to 2 kGy inclusive, in all the tested samples CM-2, PCD-2 and SH-2,
the organoleptic characteristics and viscosity have remained unchanged com-
pared to the control samples of the urbech CM-0, PCD-0 and SH-0 for up to
30-40 days.

The organoleptic assessment data is confirmed by the data obtained when
studying the acid number of urbech fat of control and experimental samples of
the urbech SH, PCD and CM (Figure 4).
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Figure 4. The influence of treating the urbech with different doses of gamma radiation
on the acid number (AN) of urbech samples (F - freshly prepared Urbech samples;
0 kGy, 2 kGy, 4 kGy, 6 kGy, 8 kGy, 10 kGy - Urbech samples treated with different
doses of radiation , CM, PCD, SH during their storage over 100 days)

Figure 4 shows that freshly prepared samples (F) have the minimum acid
number (AN); when stored for more than 100 days, the acid number has in-
creased in the control and tested samples of urbech. The AN of the urbech SH
and the urbech PCD (0 kGy and 2 kGy) during their storage for over 100 days
is comparable to the AN of the second class sunflower oil. In the samples of
the urbech CM, the acid number has a high value of 3.7 immediately after the
urbech production and subsequently during their storage for more than 100 days
such urbech is not suitable for consumption.

Due to the fact that the urbech (after 100 days after treatment with differ-
ent doses of gamma radiation and storage in room conditions) has had signs of
spoilage, expressed in the unpleasant odor and taste and a high acid number,
microbiological studies have been carried out. All indicators meet the require-
ments of TR CU 021/2011. No pathogenic microorganisms have been found
in all the samples, including salmonella, and coliforms; QMAFAnM in the ex-
perimental samples of the urbechs SH, PCD and CM, depending on the radia-
tion dose, has been in the range of 1.3-101 - 2.8-103 CFU/g, 1.1-101 - 7.5-101
CFU/g and 3.1-:102 - 5.2-102 CFU/g accordingly; mold - in the experimental
samples of the urbechs SH, PCD and CM, depending on the radiation dose, has
been in the range of 8 - 15 CFU/g, 7 - 15 CFU/g, and 11 - 19 CFU/g G accord-
ingly; yeast - in the experimental samples of the urbechs SH, PCD and CM,
depending on the radiation dose, has been within 3 - 4 CFU/g, 3 - 5 CFU/g and
CFU/g G accordingly.
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Since organoleptic signs of spoilage have been established previously in the
samples of the experimental groups of the urbech SH, PCD and CM, and at the
same time pathogenic microorganisms have not been identified using standard
methods for food products, additional studies have been carried out to identify
microorganisms not regulated by the relevant technical regulations, in particular
to identify osmophilic microflora (Table 8).

Table 8.
The influence of treating the urbech with different doses of gamma radiation
on the amount of osmophilic yeast in it, CFU/g

Radiation dose, Samples the urbech
kGy CM PCD SH
0 310 521 Not detected
2 150 178 Not detected
4 133 98 Not detected
6 117 90 Not detected
8 106 84 Not detected
10 80 77 Not detected

In the Russian Federation, microbiological safety requirements for food
products are not regulated in terms of rationing the amount of osmophilic yeast,
including in honey and the products with low water activity. The permissible
amount of these microorganisms in honey is regulated in the standard NMX-
036-NORMEX-2006 “ALIMENTOS-MIEL-ESPECIFICACIONES Y MET-
ODOS DE PRUEBA” (Food. Honey. Technical characteristics and testing
methods) (Mexico) and it is no more than 100 CFU/g . In accordance with the
Chinese standard GB 14963 - 2011 “State Food Safety Standard. Honey” the
amount of osmophilic yeast is allowed no more than 200 CFU/g. Consequently,
we can focus on foreign standards and determine the safe amount of osmophilic
yeast in urbech as the products with low water content and high osmotic pres-
sure up to 100 - 200 CFU/g.

Osmophilic yeasts have not been found in the control and experimental
samples of the urbech SH. The experimental samples of the urbech CM after
treatment with gamma radiation contain 80...150 CFU/g of osmophilic yeast. In
the experimental samples of the urbech PCD, the number of osmophilic yeasts
is 100 CFU/g or less, only at the irradiation dose of 4 kGy or more. The reduc-
tion in the number of osmophilic yeasts in the samples of urbech CM treated
with a dose of 10 kGy of gamma radiation has been 3.9 times compared to the
untreated samples, in the samples of the PCD — 6.8 times, respectively. Con-
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sequently, treatment of the urbech of different composition with the doses of
gamma radiation from 2 kGy to 10 kGy is effective in ensuring microbiological
safety in relation to osmophilic yeasts.

After 100 days of storage of the different types of urbech pH value haws
been determined as an indicator of quality and safety (Figure 5).

mSH mPCD = SH

Value pH

Doseradiation, kGy

Figure 5. The influence of treating the urbech with different doses of gamma radiation
on its pH (F - freshly prepared urbech samples; 0 kGy, 2 kGy, 4 kGy, 6 kGy, 8 kGy,
10 kGy — the urbech samples treated with different doses of radiation during their
storage over 100 days)

In all the urbech samples the pH value has decreased compared to freshly
prepared urbech (F) after irradiation. Thus, in the experimental samples of the
urbech CM, the pH decreases from 6.2 to 5.8 - 5.7; in the tested samples PCD -
from 5.9 to 5.4 - 5.3; in the tested samples SH - from 5.3 to 4.72 - 4.8. These
values are stable in all the experimental samples of the corresponding species,
but they are lower compared to the freshly prepared urbech.

Conclusions

In the process of storing the newly developed urbech types the auhors have
noted the fact of rapid spoilage (up to 5 - 7 days) for the urbech from coconut
pulp with the addition of dried mulberries (CM), from blanched peanuts with
the addition of grated cocoa beans and date syrup (PCD) and from white sesame
seeds with honey (SH). It has been experimentally revealed that the cause of
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the urbech damage has not been the processes of natural fat oxidation. Conse-
quently, the antioxidants and preservatives of various groups cannot slow down
the spoilage process. At the same time, the effect of the preservative - the drug
Polybiom - has given a prolonged effect up to 21-28 calendar days to prevent
the urbech spoilage. The humidity of the studied urbech species has been in the
range of 4.8-5.3%, which is an important factor in the microorganisms inactiva-
tion and ensuring the requirements of technical regulations for microbiological
safety. Thus, with the standard methods for detecting microorganisms, urbech
contains 5 — 8 CFU/g of yeast cells, 10 — 18 CFU/g of molds and 4.4-101 —
3.8:102 of QMAFANM at a rate of 50 CFU/g, 100 CFU/g and no more than
5-103 CFU/g, respectively, no pathogenic microorganisms, including salmo-
nella, have been detected.

One of the effective ways to ensure the urbech microbiological safety is treat-
ment with different doses of gamma radiation. The urbech tested samples have
been treated with the appropriate doses: 2 kGy, 4 kGy, 6 kGy, 8 kGy and 10 kGy.
When the dose increases above 2 kGy, an unusual smell and odor appear in the
rbech samples, which determines the need to limit the radiation dose to 2 kGy.
The organoleptic assessment data is confirmed by the data obtained from studying
the acid number of urbech fat during its storage period of up to 30-40 days. The
viscosity of the urbech CM, treated with different doses of radiation, has not prac-
tically changed, in contrast to the samples of the urbech PCD and the samples of
the urbech SH. In the experimental samples of the urbech, as a result of treatment
with ionizing radiation, after 100 days all the regulated indicators in the tested
samples are within the regulated indicators, in contrast to the control samples:
QMAFAnM - 5.2:103 CFU/g, mold - 102 CFU/g, yeast - 54 CFU/g. The study of
the species composition of osmo-resistant microflora, not regulated by technical
regulations in the Russian Federation, has shown that urbech contains osmo-re-
sistant yeast in the amount of 310 and 521 CFU/g in the control samples of the
urbech CM and the urbech PCD, respectively, and they are absent in the samples
of the urbech SH. The samples of the experimental group of the urbech CM after
treatment with gamma radiation have contained 110...150 CFU/g of osmophilic
yeast. In the urbech PCD the amount of osmophilic yeast of 100 CFU/g or less
has been observed only at irradiation doses of 4 kGy and 6 kGy. The decrease in
the number of osmoresistant yeasts in the urbech samples treated with gamma
radiation has occurred by 10...55 times. Therefore, the use of gamma radiation is
effective in reducing the osmophilic yeast population.

Thus, the treatment with ionizing radiation at the doses up to 2 kGy is ef-
fective for preserving organoleptic and microbiological parameters, including
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osmophilic yeast, which is not regulated by the regulatory documents in the
Russian Federation, for a certain period of storage. To study the causes of the
urbech spoilage, further detailed studies of microorganisms and their metabolic
products are required, as well as studying the storage conditions and possible
changes in technology and recipe composition with the exclusion of ingredi-
ents with high humidity.
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