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Abstract

Relevance. Today the consumption of sausage products is ineffective from the point of view of nutrition and it can be
dangerous to the human body. In this case, the studies in vivo aimed at identifying possible toxicological
manifestations after consumption of such sausage products become relevant. An additional factor in leveling food
threats to the human body is the targeted combination of recipe ingredients. Aim. The aim of the present work are
the development of a sausage composition with pronounced bioprotective properties using mathematical modeling,
detection of possible acute toxicity manifestations from the sausage consumption according to the optimized recipe
with vetch seed protein isolate and Selenium-protein dietary supplement and determination of the toxicity class of
designed product. Research methods. While carrying out the work, the methods of experiment planning,
mathematical modeling, research on biological objects (in vivo), and the Litchfield-Wilcoxon probit analysis method
were used. Results. The article examines the method of designing the sausage composition with protein isolate from
vetch seeds and Selenium-protein dietary supplement, based on which the main recipe ingredients of the product
were selected. An analysis of the consumer value of the designed sausage owing to which the content of
macronutrients in the designed recipe was determined (43.06 g per 100 g) is given in the present article. The
influence of sausage with vetch seed protein isolate and dietary Selenium-protein supplement on the body of white
line rats was investigated. The general fluidity of the clinical picture in the case of acute toxicity in laboratory animals
after the introduction of sausage with such additive was studied. The parameters of acute toxicity of the product are
calculated. These are indicators of lethal and effective doses and its safety degree. Thus, according to the results of in
vivo studies, the LDso indicator for designed sausage was 22.75 g/kg (with calculated values of LD16=8.21 g/kg,
LDs4=437.61 g/kg, and LD99=1864.28 g /kg), which corresponds to the fifth class of additives’ toxicity and proves their
practical non-toxicity. Conclusions. The safety of sausage consumption with vetch seed protein isolate and Selenium-
protein dietary supplement for the body of mammals indicates the possibility of its use in the diets of people who
need to correlate their own macronutrient and Selenium statuses, since the designed recipe of the sausage has high
nutritional and biological values.

Keywords: design; sausage; vetch seeds; protein isolate; pH-shifting treatment; Selenium-protein dietary supplement; plant
protein; toxicity; optimization; recipe.
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AHoTalig
AxTyanbHicTh. Ha cbOroaHi cnokxuBaHHsA KOB6aCHUX BUPOGiB € Mas10epeKTHBHMM 3 NOIJISIAY HyTpUILioJIorii Ta MoXe

CTAaHOBHUTH He6e3rle1<y A JTI0ACBKOIro opraHi3my. y ObOMY BUNIAAKY Ha6yBalOTb aKTyaJIbHOCTi AOCJIiA)KEHHH in ViVO,
CKepOBaHi Ha BUABJIEHHSA MOXXJIMBUX TOKCHUKOJIOTIYHUX IlpOHBiB mic/Is CNOXKUBAHHA TaKUX KOBGACHHUX ﬂpOﬂyKTiB.
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JoaaTkoBuM (paKTOpOM HiBe/IIOBaHHA NPOAYKTOBUX 3arpo3 /s JIIOJCbKOT0 OpPraHiamy € 1ijiboBe KOMOGiHyBaHHSA
peuentypHux iHrpegieHriB. Meta. L1 po6oTH € po3po6GeHHA KoMmno3unili KoB6acu i3 BUpPaKeHHUMHU
6ioNpOTEKTOPHUMH BJIACTHBOCTSIMH 32 AONOMOr0I0 MaTEMAaTHYHOr0 MO/AEe/IIOBAaHHS, BUABJIEHHA MOXK/IMBUX NPOABIB
rocTpoi TOKCMYHOCTI BiJ, CIOKMBaHHA KOBGACH 32 ONTUMi30BaHOI0 PELENTYPOIO 3 i30JI1TOM 6i/IKa 3 HACiHHA BUKM Ta
J0GaBKOKW [Ji€ETUYHOIO CeJIeH-GiJIKOBOI0, a TaK0X BH3HAYEHHsA KJacy TOKCHMYHOCTI Takoro mnpoAaykry. Metoau
JociaimxeHHs. [Ipy BUKOHAHHI pOGOTH BUKOPUCTOBYBA/IUCh METOAY IJIAHYBAHHS €KCIEePHUMEHTY, MaTEMAaTUYHOrO
MOJeJII0OBaHHA, AOCHiJ)KeHHA Ha GiosoriyHux o6’exkrax (in vivo), Mmetoj mpoGiT-aHasnidy Jlitudinga-BinkokcoHa.
Pe3ysbTaTU. Y CTATTi pO3rsgJacTbCcs METOAUKA MPOEKTYBAaHHSA CKJIAaAy KOB6acu 3 Gi/IKOBUM i3011TOM 3 HacCiHHA
BUKH Ta J06aBKOI0 Ji€TMYHOIO ceJIeH-GiJIKOBOI0O, Ha OCHOBi fAKOi 3JilicHEeHO A06Gip OCHOBHMX peLeNnTypPHHUX
iHrpeaienTiB mpoaykty. HaBejgeHo aHaji3 cnmo>kKMBYOi LiHHOCTI po3po6JieHOi KOBGacH, B pe3y/bTaTi AKOro
BCTAaHOBJIEHO BMiCT MaKpOHYTPi€HTIB y po3po6ioBaHiii penentypi (43,06 r Ha 100 r). loc/iaxeHo BIJIMB KOB6GacH 3
i30/19TOM GisIKa 3 HACiHHS BUKU Ta J06aBKOI0 Ai€ETUYHOIO ceIeH-6i/IKOBOIO Ha OpraHism mypiB 6i/10i J1iHii. BuBueHo
3arajibHy IVIMHHICTb KJIiHIYHOT KAPTHUHM NPH rOCTPiil TOKCMYHOCTI y 1Ta60paTOPHUX TBAPUH Mic/id BBe JeHHs KOB6acH
3 A06aBKol. Po3paxoBaHO mapaMeTpH TrocTpoi TOKCHYHOCTI NPOAYKTY, a caMe: NOKa3sHMKHM JIETaJbHUX Ta
e(eKTHUBHUX J03, CTYIiHb Hioro 6e3ne4yHocTi. Tak, 3a pe3y/jbTaTaMu NpOBeJeHUX AOCTiJKeHb in vivo noka3HMK JI/Iso
AJIsI KOB6acH 3 J06aBKOI0 JI€ETUYHOIO CeJIeH-6i/IKOBOI0 CTaHOBUTH 22.75 r/Kr (IpH po3paxyHKOBHUX BeJIMYMHAX
JIM16=8.21 r/kr, J1[84=437.61 r/kr, a J1J99=1864.28 r/Kkr), 10 BiANOBiAa€ N'ATOMY KJIaCy TOKCMYHOCTi A06GAaBOK Ta
3acBig4ye iX NPaKTUYHY HETOKCUYHICTh. BCHOBKM. Be3neyHicTh cnokuBaHHS KOBGAacH 3 i30/1ATOM 6ijIKa 3 HaciHHA
BUKH Ta J06aBKOI0 Ji€ETUYHOIO ceJIeH-61/IKOBOI0 /Il OpraHi3My ccaBIiB CBiAYUTDb NP0 MOXK/JIMBICTB ii 3acTOCYBaHHA y
Xap4yoBHUX palioHax oci6, siki moTpe6Gyl0Th KopeJsisilii BJIAaCHOr0O MaKpPOHYTPiEHTHOTO Ta CeJIEHOBOrO CTaTYyCiB,
OCKiJIbKM po3po6JieHa penentypa KoB6acu Ma€ BUCOKY Xap4yOBY Ta 6i0JIoriyHy LiHHIiCTb.

Katouosi cnosea: po3pobka; KoB6aca; HaCiHHA BUKH; 6inKoBUH i30.aT; pH-KOpUryloda 06po6ka; Jo6aBKa Ai€ETHYHA ceJleH-

6171K0Ba; POCJMHHUH 6i70K; TOKCHYHICTB; ONTHUMI3allis; penenTypa.

Introduction

Today the manufacturing of various food
products for health purposes is rapidly gaining
popularity in Ukraine. Food industry enterprises
try to introduce such products to the market,
because in the case of their regular consumption,
many diseases can be avoided, immunity can be
strengthened and the body's condition can be
improved in general.

Special attention should be paid to the
enrichment of meat products. Among the wide
range of such food, sausage products are in
particular demand by consumers; these are
sausages, frankfurters, meat breads. The rapid
growth of demand for sausage products
determines the feasibility of developing new types
with improved functional and technological
properties and increased nutritional value.

The analysis of the food market of Ukraine
shows a tendency to use semi-finished products
and food additives of foreign production or
mixtures improving the taste and aroma,
structure, color and other quality indicators of
sausage products. At the same time, there is a
demand for the growth of production and
consumption of meat-based sausage products, for
the formation and stabilization of which both food
additives and dietetics are used. Therefore, it is
important to increase the nutritional and
biological value of sausage meat products, which
can be achieved by enriching them with Selenium-
protein substances. The introduction of such
products to the consumer market will make
possible to improve significantly the nutritional
status of modern Ukrainians.

Now the development of new combined
products tends to reduce the share of raw
materials of animal origin in their composition. At
the same time, an increase in the proportion of
plant components contributes to the emergence of
undesirable technological factors, such as
delamination or instability of dispersed systems,
reduction of the ultimate shear stress, etc. To
eliminate them, stabilizing components are added
to the recipe mixture [1].

Today the use of traditional stabilizers, such as
flour, starch, gelatin, is ineffective, since they do
not have the full range of properties necessary to
create the structure of sausage products. To
improve the properties of the designed sausage
Selenium-protein dietary supplement (SPDS)
«Neoselen» was chosen [2]. Its functional and
technological properties, aspects of the
interaction of its components etc., were revealed
in previous studies [3; 4].

The safety of a food or dietary supplement is
confirmed only in the case they do not cause acute
or chronic toxicity, contain no carcinogenic
substances, mutagens, have no teratogenic and
gonadotoxic properties [5]. Moreover, the daily
amount of such substances entering the body is of
decisive importance. Such studies of the SPDS
«Neoselen» were carried out by the authors
earlier and showed its practical safety. This is
confirmed by previous research results [6-14].
Also the perspective of using the protein isolate
obtained from vetch seeds (Vicia sativa L.) by pH-
shifting treatment had been proved. In the
previous work the chemical composition of vetch
seeds as a raw material for obtaining protein
isolate by pH-shifting treatment was investigated.
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The obtained protein isolate showed high
functional properties and a high-quality chemical
composition of proteins and minerals for use in
the technology of sausage and confectionery
products and also as food for dietetic and
vegetarian nutrition [15]. Therefore, the creation
of a sausage product enriched with essential
nutrients is relevant. The use of vegetable and
animal raw materials (protein isolate from vetch
seeds and whey proteins, which are part of SPDS)
while manufacturing products with a dispersed
structure will improve their organoleptic and
rheological indicators.

The specialized international organization
«FAO/WHO Joint Expert Committee on Food
Additives and Contaminants» (JECFA) regulates
the activities of food manufacturers in matters of
the use of food additives. In Ukraine, these issues
fall under the jurisdiction of the State Health
Supervision Department of the Ministry of Health.

Since the last decade the majority of scientists
are inclined to recognize the fact that the primary
stage of hygienic regulation of the content of food
additives in products and human diets should be
their preliminary toxicological and hygienic
assessment [16; 17]. Thus, world studies are being
conducted aimed at identifying the parameters of
acute toxicological poisoning of living organisms
not only due to the consumption of food additives
[18; 19], but also determining the extent of the
effect of some insecticides on pests of agricultural
crops [20], cypermethrin on catfish [21], y-
radiation on some legumes [22], allelopathic
phenomenon [23] and so on. To optimize the
process of statistical processing of the data
obtained experimentally, computer support
should be used [24]. To calculate the parameters
of the acute toxicity of «Ukrainian with Selenium»
sausage produced with protein isolate from vetch
seeds and SPDS «Neoselen», the Probit Analysis
software package was used, which is
recommended for this type of research [23].

Task statement. The parameters of acute
toxicity of any substance or product, its potential
danger, become key issues during toxicological
studies. Studies of these parameters are necessary
to establish the degree of danger of the additive, as
well as for further studies where information on
maximum tolerated doses is needed. The obtained
information is necessary for determining the
toxicity coefficient of the object under study: the
ratio of the LDso dose to the therapeutic dose.
«Ukrainian with Selenium» sausage contains a
number of food and dietary additives, each of
which, in the case of excessive intake to the body,
can cause intoxication processes. Therefore,

scientific research aimed at determining the
parameters of acute toxicity of «Ukrainian with
Selenium» sausage produced with protein isolate
from vetch seeds and SPDS «Neoselen» are
relevant. The purpose of the present work is to
develop a composition of sausage with
pronounced bioprotective properties using
mathematical modeling, to identify possible
manifestations of acute toxicity from the
consumption of sausage according to an optimized
recipe with protein isolate from vetch seeds and
SPDS and also to determine the toxicity class of
such a product. The following tasks were set for
achieving the purpose:

- to make the screen of raw materials for
sausage production;

- to develop a sausage composition with a high
content of nutrients (especially mineral)
substances;

- to establish a possible toxicological effect
from the consumption of sausage according to an
optimized recipe with protein isolate from vetch
seeds and SPDS;

- to determine the toxicity class of such
product.

The research methods are - the experiment
planning, the mathematical modeling on biological
objects (in vivo), the Litchfield and Wilcoxon
probit analysis method. The implementation of
mathematical modeling of the sausage
composition was  solved using linear
programming with the MS Excel editor. The object
of the research is the parameters of acute toxicity
of sausage according to an optimized recipe with
protein isolate from vetch seeds and SPDS. The
subject of the study is a recipe-optimized sausage
with protein isolate from vetch seeds and SPDS, its
composition and toxicological indicators.

Results and discussion

The recipe optimization was carried out in the
Excel Solver program, which is designed to solve
certain systems of equations, linear and non-
linear optimization tasks [24].

As a result of the application of mathematical
programming the authors performed the optimal
solution. They have found the extremum of the
linear objective function under the constraints on
the variables that need to be determined. The
solution of the system of linear balance equations
was carried out using «Solution Search» in Excel.

As a result of the calculation, the program
obtained the proportions of recipe components
for sausage «Ukrainian with Selenium»:

x1 =51,x, =9,x3 =13,x4 = 14,x5 =5,
X = 2.5,x7; = 4.5,
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herewith F(x) = 43.063.

So, the content of the main nutrients for
«Ukrainian with Selenium» sausage was 43.06 g
per 100 g.

The clinical picture after the introduction of
«Ukrainian with Selenium» sausage into the
stomach of white rats in toxic and effective (non-
lethal) doses developed after 10..12 hours.
Clinical symptoms of acute poisoning of white rats
after oral administration were not observed.
Aggressiveness and periods of excitement or
increased motor activity were not observed in the
most individuals.

In the same individuals exposed to the toxic
effect, after a short period of excitement, sharply
expressed depression and drowsiness developed.
It should be noted that no laboratory animal died
during the experiment. Some rats only
experienced moderate poisoning due to the
introduction of maximum doses of «Ukrainian
with Selenium» sausage (7.5...9.0 g per one rat).

The obtained results of the Probit analysis
allow establishing the degree of safety of
«UKkrainian with Selenium» sausage in accordance
with the data presented in the Table 1 [25].

Table 1

Toxicity of substances depending on the value of LDso

Toxicity class LDso, mg/kg Toxicity characteristics
st Less than 5 Extremely toxic
2nd 5..49 Highly toxic
3rd 50...499 Moderately toxic
4th 500...4999 Low toxic
Sth More than 5000 Practically non-toxic

The higher is the LDso value, and the lower is
the acute toxicity of the food additive. According
to the results of the experiment, it was established
that the average value of LDs for «Ukrainian with
Selenium» sausage corresponds to 22.75 g/kg.
Thus, according to the Table 1 its toxicity class is
fifth, i.e. it is practically non-toxic.

Experimental part

While developing the sausage composition
considerable attention was paid to the nutrient
composition of the raw material, its change during
technological processing. The basis of the task is
developing and optimizing the recipe for the
production of sausage by introducing a Selenium-
protein dietary supplement (SPDS), which will

ensure an increase in the nutritional and
biological value of the final product, as well as an
expansion of the assortment. Restrictions on the
content of components for the development of a
new sausage are presented in the Table 2. The
Table 3 presents the data matrix for designing a
sausage product recipe. It includes the following
blocks: recipe ingredients (RI), the possible range
of variation of the RI, the dry matter content of the
RI and indexed variables. The Table 4 shows the
nutritional value of RI.

During the establishment of restrictions, the
physiological needs of a person in biologically
active substances were guided.

Table 2

Calculation of the main raw materials for «Ukrainian with Selenium» sausage

Quantity of raw

Quantity of raw

Main raw materials materials Auxiliary raw material materials
% kg % kg
100.00 180.00
2nd grade beef 50.00 90.00 Kitchen salt 2.60 4,70
Fat pork 10.00 18.00 Sodium nitrite 0.008 0.01
Spine lard 15.00 27.00 Black pepper 0.03 0.05
Protein isolate from vetch seeds 15.00 27.00 Drinking water 40.00 72.00
SPDS «Neoselen» 3.00 5.40 Progel 40+ 0.60 1.08
Starch 2.00 3.60 Pork aroma 0.10 0.18
Semolina 5.00 9.00 Combi 0.03 0.10
Output, % 125.00
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Table 3

Restrictions on the recipe content (g per 100 g of the final product). Information matrix of the data for designing the
recipe of «Ukrainian with Selenium» sausage

Quantity of raw materials, %

Main raw materials Index, xi Dry matter content in RI, %
Min Max
2nd grade beef 48.0 51.0 X1 27.6
Fat pork 9.0 11.0 X2 52.5
Spine lard 13.0 16.0 X3 89.5
Protein isolate from vetch seeds 14.0 16.0 X4 95.0
SPDS «Neoselen» 3.0 5.0 Xs 85.0
Starch 1.5 2.5 X6 85.0
Semolina 4.5 5.5 X7 89.5
Table 4

Nutritional value of recipe ingredients of «Ukrainian with Selenium» sausage

Nutritional value of the sausage recipe

ks 8
o T o A
Q o ° =5 = «
Nutrients 2 5 ks 2% 0 2 S £
< a, () = > E 7] E o
= - = = g o S g
=T} I = Q5 wv 9 192} Iy
o] ~ (% ) £ = wn
=} = ¥
~N ~
Proteins 20.1 14.5 3.6 17.0 88.3 0.1 10.6
Carbohydrates 0.1 0.1 0.1 0.1 - 78.2 78.0
Fats 7.4 37.3 85.6 17.3 3.4 - 0.5
Total 27.6 51.9 89.3 34.4 91.7 78.3 89.1

The objective function is the maximum
nutritional value of the designed product, defined
as the sum of the nutritional value of the
constituent parts of the R, and their mass of which
is presented in the recipe. The maximum

F(x) =

nutritional value of the designed sausage with
bioprotective effect is defined as the sum of the
nutritional value of the constituent parts of the R,
and their mass is presented in the recipe:

27.6x1 + 52.5x, + 89.5x3 + 95x4 + 85x5 + 85x4 + 89.5x,

100

On the basis of the information matrix (Table 3)
and nutritional value (Table 4), the authors
formed a system of linear balance equations as to
the content of proteins, fats, carbohydrates in the

- max.

recipe, subject to restrictions according to the
physiological needs of a person:

the presence of protein in the recipe consists at
least 15 %:

20.1x; + 14.5x, + 3.6x3 + 17x4 + 30.25x5 + 0.1x4 + 10.6x, = 15;

the presence of carbohydrates in the recipe is
not less than 50 %, but not more than 65 %:

50 < 0.1x; + 0.1x, + 0.1x5 + 0.1x, + 39.3x5 + 78.2x4 + 78x, < 65;

the presence of fats in the recipe consists no more
than 12 %:

7,4x, + 37,3x, + 85,6x3 + 17,3x4 + 0,5x, < 12;

the ratio of proteins to carbohydrates consists
atleast 0.2 and no more than 0.3:

< 20.1x4 + 14.5x, + 3.6x3 + 17x4 + 30.25x5 + 0.1x¢ + 10.6x,

< 0.3;
0.1x; + 0.1x, + 0.1x3 + 0.1x4 + 39.3x5 + 78.2x¢ + 78x;,
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the ratio of proteins to fats should be equal to
0.25 %:

20.1x; + 14.5x; + 3.6x3 + 17x, + 30.25x5 + 0.1x6 + 10.6x;

= 0.25;

0.1x; + 0.1x, + 0.1x3 + 0.1x4 + 39.3x5 + 78.2x¢ + 78x,

normalization conditions (mixture mass 100 g):

X1+ Xy +x3 + x4 + x5 + x5 + x7 = 100;

upper limits of variables (RI):

X1 <51,x, <11,x3 <16,x, < 16,x5 < 5,x4 < 2,5,x7 <5,5;

lower limits of variables (RI):

X1 >48,x, >9,x3 > 13,x4 > 14,x5 > 3,x¢ > 1,5,x, > 4.5.

The safety of the new sausage composition
«Ukrainian with Selenium» was investigated on
170 white linear rats with a body weight of
155..175 g bred in the vivarium of the Dnipro
Medical Academy of the Ministry of Health of
Ukraine. Experimental animals were divided into
17 groups of 10 heads each. The conditions for
keeping animals and providing them with food
rations were carried out according to the
regulatory requirements of the International
Convention: at a temperature of 20...22 °C and an
air humidity of 40...60 % [26].

Previously maintained on a fasting diet (for
4...6 hours) the animals were orally injected with
sausage using a metal probe with oil on the end.
Sausage was given once a day in the maximum

permissible amount for oral administration -
1.0..9.0 g per animal or 6.25...56.25 g/kg.

The animals were observed for two weeks with
studying the clinical picture of acute experimental
poisoning: continuously during the first day after
the introduction of sausage «Ukrainian with
Seleniumy; later - twice a day for 13 days.

The general status and behavior of the animals,
the state of their neuromuscular and vegetative
functions, fur coat, feed intake, and water
consumption were registered. Special attention
was paid to the development of toxicosis signs,
their severity and recovery time were assessed.
The general clinical picture of the in vivo
experiment is shown in the Fig. 1.

T T T el [T 7 T 1
_ . no clinical effect ol
i . ‘ . (O with an apparent clinical effect
00000
8 00000 g
2]
g 0000
g =
g 67 No Lethargy, o
© deviations One rat drowsiness, 3 rats had
‘5 from the showed depression lethargy,
5 physiological a decrease N eraound drowsiness,
£ 44 norm in activity in 2 rats depression |
-
Z
0000
21 00000 =
o000 0
0l LN J :
olo|p|lal|la|R|IDIB|L[IR|S[E185(518(3]8
Sl8|lolo|yN|le|lolz2|v]|e|la|lo|N|lo|lo]|=]|h
S|ld|lo|lw|s|w|a|w|o|ld|la|lx|d|n|a
Dose, g/kg

Fig. 1. The general fluidity of the clinical picture of acute toxicity in rats with the introduction of sausage
«UKkrainian with Selenium»
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The toxicity of «Ukrainian with Selenium»
sausage was determined according to the
following parameters: maximum tolerated dose
LD,, average lethal dose LDsg, as well as LDy and
LDss4 to establish confidence limits of the average
lethal dose LDsy and LDg9 using the computer

program Probit Analysis v.2.0.0.6. Data on the
maximum tolerated (effective) dose of LD,, the
average lethal (effective) dose of LDso, as well as
LDis and LDss for establishing the confidence
limits of the LDso dose are presented in the

Table 5.
Table 5

The results of determining the parameters of acute toxicity of «Ukrainian with Selenium» sausage (in terms of
protein isolate from vetch seeds and SPDS) (n=17, p 2 0.05)

Response percentage, (p%), SPDS Dose, Maximum SPDS Dose (Dmax), Minimum SPDS Dose (Dmin),
% g/kg g/kg g/kg
1.0 0.76 1.76 0.01
16.0 5.32 8.21 3.26
50.0 22.75 48.35 12.09
84.0 97.18 437.61 29.56
99.0 679.60 1864.28 95.22

The figure presented below shows a graph
expressing the «dose-effect» relationship after the

sausage by rats.

consumption of «Ukrainian with Selenium»

06 ‘

Ls
o ™

Y=a+b*x
L N
£ I N N}

iR
o

»
<)

i ) 1 , r i

N
)

0,0 0.2 04

06 08 1,0

x=lg(Dose)

—— y=atb’x Ywork

D Yemp =

LD50 y+dy — y-dy

Fig. 2. Dependence of the shown effect after consumption by rats of «Ukrainian with Selenium» sausage stabilizer
on quantity of the supplements

Logarithms of SPDS doses are plotted on the
abscissa axis, and probit values are plotted on the
ordinate axis. A straight line, which is drawn
through the found points, by interpolation allows
determining the LDsg or any other dose at which
the effect is observed.

The experimental probit points coincide
completely with the calculated points, which
confirms the 95 % reliability of the research
results.

Conclusions

Available, high-quality and safe raw materials
with high biological indicators were chosen for the
production of «Ukrainian with Selenium» sausage
according to modern HACCP requirements and
safety standards for food products and raw
materials: beef, pork, lard, starch and semolina.
The recommended dose of protein isolate from
vetch seeds and SPDS «Neoselen» was taken for
composite design. The composition of the sausage
product was modeled with the help of the MS Excel
spreadsheet. Thanks to the introduction of vetch

seed protein isolate and SPDS "Neoselen" into the
recipe composition, final products exhibit
pronounced bioprotective properties. Studying
the macronutrient composition of the obtained
sausage showed that the final product has a high
protein content. The content of macronutrients for
«Ukrainian with selenium» sausage consists 43.06
g per 100 g. According to the results of in vivo
studies, the fifth class of toxicity of «Ukrainian
with Selenium» sausage was established, which
proves its practical non-toxicity. The «effect-dose»
dependence was  established after the
consumption of «Ukrainian with Selenium»
sausage by rats, based on which the parameters of
acute toxicity of the product were calculated:
indicators of lethal and effective doses, the degree
of its safety. The LDso index for the sausage
product, based on vetch seed protein isolate and
SPDS «Neoselen», was 22.75 g/kg with calculated
values of LD16=8.21 g/kg, LDgs=437.61 g/kg, and
LDg9=1864.28 g/kg), which proves its safety in the
case of consuming in moderate doses. In general,



165

Journal of Chemistry and Technologies, 2023, 31(1), 158-166

no laboratory animals died during the experiment,
only some of them experienced moderate
poisoning (lethargy, drowsiness, depression) due
to the introduction of maximum doses of sausage
(7.5..9.0 g per one rat). In turn, this had an impact
on the general fluidity of the experiment clinical
picture. In general, the safety of vetch seed protein
isolate and SPDS «Neoselen» for the mammalian
body indicates their possibility of being used in the
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