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Introduction. The complex analysis of the estimation of the
efficiency of the new food product using the nanoparticles of the
food additive "Magnetofood" on the basis of two and three
valence iron oxides is presented.

Materials and methods. Food products made with the use
of nanoparticles of two and three valence iron oxides
"Magnetofod" (FesO4) were investigated using standard and
commonly used methods of experimental studies (organoleptic
indicators for a 5-point scale; moisture and fat removal capacity
using a butyrometer and a refractometer; output the finished
product for the difference of masses), expert analysis.

Results and discussion. The conducted researches indicate
that the introduction of scientifically grounded food products
with nanoparticles will allow to produce competitive products.
The nutritional supplement "Magnetofood” has a significant
functional and technological potential (sorption, antioxidant,
bacteriostatic, emulsifying, stabilizing, foaming and gelling,
water and fat-binding, water and fat-retaining properties), which
causes the introduction of nanoparticles of supplements to
recipes of bakery, flour confectionery, meat, pasty-marmalade
products and cheesecakes and whipped desserts. It contributes to
resource conservation during the production of food products,
the formation of high consumer properties and increase the
product yield and economic efficiency of its production. Food
products made with the use of food nano additives
"Magnetofood”, has high organoleptic, functional and
technological properties, extended shelf-life. According to the
results of the comparative analysis of quality and price
characteristics of food products with "Magnetofood"”
nanoparticles, it was concluded that new products has the more
value for B2B consumers compared with analogues.

Conclusions. A high level of scientific, scientific, technical,
social and economic efficiency of food products with the
addition of a nutritional supplement "Magnetofood" based on
oxides of two and three valence iron is proved.
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Introduction

The experience of world leaders in the food industry [1] shows the urgency of
introducing innovations into the practice of economic activity as one of the factors
contributing to the competitiveness of the enterprise and its further development. The
analysis of the trends in the food industry shows the active use of nanotechnologies in this
area, the application of which in the production of food products is recognized as one of the
most promising areas for the introduction of the results of nanosciences [2-6], in particular,
changes in the qualitative and functional and technological characteristics of food products
[7, 8]. According to [9], the global nanotechnology market will reach $ USA 125 billion by
2024. In the structure of demand for nanoproducts [3], the segments of the consumer market
account for 5.0% of the food market. Researchers on nanotechnology commercialization
point out that food industry enterprises are most prepared for the perception and
implementation of nanotechnologies [2].

Innovative activity of food industry enterprises determines the relevance of research on
methodological principles for evaluating the efficiency of innovative food technologies with
nanoparticles. The results of this assessment contribute to the innovative activity of food
industry enterprises and increase the validity of managerial decisions on the introduction of
innovative products into production.

The analysis of literary data testifies to different positions of researchers regarding the
criteria, indicators and methods of evaluation of innovation products in general and in the
case of introduction of nanotechnologies in particular. Depending on the purpose of the
evaluation, the criteria for the new product include the strategic feasibility, technical
feasibility, consumer perceptions, market opportunities and financial performance [10], the
uniqueness of the product, its market potential, and technical feasibility [11]; use indicators
of safety [12], quality [13], prices of products [13, 14]. Conclusions regarding the
effectiveness of the implementation of innovative developments are based on the principles
of quality estimation, discounting of cash flows, expert assessments [13-16].

Since innovative food products using the Magnetofood nutritional supplement have a
multidimensional nature, and their results are the subject of interest of a significant number
of subjects (producers, consumers, investors, research institutions, etc.). To conclude on the
feasibility of introducing these products into the practice it is advisable to use a set of criteria
and indicators that reflect the interests of key players in the implementation of the innovation
process.

The aim of the research is a comprehensive analysis of the effectiveness of innovative
food products using a nutritional supplement "Magnetofood" based on two and three valence
iron oxides by studying functional and technological properties, quality indices and output
of finished products, scientific, scientific and technical efficiency and its implementation
efficiency, value for the consumer.

To achieve this goal, the following tasks need to be addressed:

— to investigate functional and technological properties, product yield and organoleptic
indices of food products using a rational quantity (0,15% by weight of raw materials) of
a food additive "Magnetofood";

— toconduct a comprehensive analysis of the effectiveness of the introduction of innovative
food products using a nutritional supplement "Magnetofood" based on two and three
valence iron oxides.
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Materials and methods
Materials

In the course of the research, food products with the addition of a nutritional supplement
"Magnetofood™" based on two and three valence iron oxides were used: bread and flour
confectionery, minced meat product, sour-milk products, pasty and marmalade products,
whipped fruit and desserts.

Methods

Food products using a nutritional supplement "Magnetofood" based on two and three
valence iron oxides have been investigated using standard and commonly used methods of
experimental studies, expert analysis.

The method of complex evaluation of the effectiveness of the introduction of food
products with nanoparticles involves the following stages.

1. To form a group of experts.

To determine the effectiveness of the introduction of innovative food products with
nanoparticles, form a group of experts, which include experts in the field of food technology.
The number of experts (m) is determined by the formula:

m=-2, Q)

where m —number of experts, persons;

t, — the tabular value in accordance with the accepted confidence probability «;

o. — confidence probability, %;

& —maximum permissible error.

To determine the competence of experts, were used the methods of questionnaire survey
and self-assessment.

2. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of scientific effectiveness.

To do this, were formed a questionnaire to include questions about the scientific level,
novelty, depth of scientific developments and knowledge of products. Characteristics and
scale for expert evaluation of the scientific effectiveness of innovative food technologies are
given in Table 1.
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Table 1

Characteristics and scale of evaluation of innovative food products with nanoparticles on the
criterion of scientific efficiency

Linguistic assessment

. high level | average level | low level
Indicator :
Scale for evaluation
3 points 2 points 1 point
A new direction of -
Scientific scientific knowledge | Existing techniques The_ existing
: theoretical positions
level and research has been | have been improved -
are confirmed
created
Fundamentally new Methods, ways to Solutions based on
Novelty . o
results create new products | simple generalizations

The hypotheses are
theoretically
substantiated and
tested on a large
amount of
experimental data

Hypotheses are
theoretically
grounded and tested
on a small amount of
experimental data

The depth of
scientific
development

Hypotheses are
theoretically grounded

- The coefficient of The coefficient of
The coefficient of - . . .
knowledge intensity knowledge intensity knowledge intensity of
corresponds to the | products is smaller, the

Knowledge of | exceeds the average
. average value of average value of
products value of enterprises . . .
. enterprises of a enterprises of a certain
of a certain type of . .
. e certain type of type of economic
economic activity . L -
economic activity activity

Developed on the basis of [12-14].

Calculate the coefficient of scientific efficiency (Kj) v:

n

iZ B

I
N — @)

Zz Bsi max

j=Li=1
where K, — coefficient of scientific efficiency;
B,;— actual value of the i-th indicator of scientific effectiveness, score;
B,imex — the maximum value of the i-th indicator of scientific effectiveness, the score;

n — the number of scientific performance indicators, units;
k — number of experts, persons. B

To assess innovative food products on the criterion of scientific efficiency to adhere to
these conditions (Table 2).

si max
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Table 2
Estimation of innovative food products with nanoparticles
on the criterion of scientific effectiveness
Value of the factor Conclusion
0< K <0,33 Low level of scientific effectiveness of innovative food

products with nanoparticles

0,34 < K, <0,66 The average level of scientific effectiveness of innovative
food products with nanoparticles

0,67< K, <1,0 High level of scientific effectiveness of innovative food
products with nanoparticles

3. To carry out an expert evaluation of innovative food products with nanoparticles on
the criteria of scientific and technical efficiency.

For this purpose, to formulate a questionnaire to include questions about the prospects
of use, scale of implementation, period and degree of implementation of technologies of
innovative food products with nanoparticles. Characteristics and scale for expert evaluation
of scientific and technical efficiency of innovative food technologies are given in Table 3.

Table 3
Characteristics and scale of evaluation of innovative food products with nanoparticles on the
criterion of scientific and technical efficiency

Linguistic assessment

Indicator High level | High level | High level
Scale for evaluation
3 points 2 points 1 point
. Results can be found | Results can be used to Results can be
Perspectives of . P - . .
in many scientific develop a particular used in applied
use ) LR SR
fields scientific direction research
Scale of National, world . Lc_>ca! r_narket,
] . Regional market individual
implementation economy .
enterprises
Fl)g;[i)cl)gmentatlon Up to 3 years old From 3 to 5 years More than 5 years
The results are
published
in the form of
L The results are
scientific reports, A The results are
N formalized in the form . .
Degree of formalized in the . published in the
. . . of normative and L
implementation form of normative - form of scientific
. technical
and technical reports

: documentation
documentation,

introduced into
practical activities
Developed on the basis of [12-14].
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Calculate the coefficient of scientific and technical efficiency ( K, ) by the formula:

k m
2.2 B
Kst=—J2et ©)

kK m

Z Z Bstp max

j=1p=1
where K, — coefficient of scientific and technical efficiency,
By, — actual value of p-th indicator of scientific and technical efficiency, score;

B — maximum value of p-th indicator of scientific and technical efficiency, score;

'stp max
m— number of indicators of scientific and technical efficiency, units;
k — number of experts, persons.

To assess innovative food products by the criterion of scientific and technical efficiency,
to adhere to these conditions (Table 4).

Table 4
Estimation of innovative food products with the acquisition of criteria of scientific and technical
efficiency
Value of the factor Conclusion
0< K;<0,33 Low level of scientific effectiveness of innovative food
products with nanoparticles
0,34 <K < 0,66 The average level of scientific effectiveness of
innovative food products with nanoparticles
0,67< K< 1,0 High level of scientific effectiveness of innovative food
products with nanoparticles

4. To carry out an experimental study of the quality of food products with nanoparticles
of the additive "Magnetofood".

To do this, determine the organoleptic and functional-technological indicators by type
of food products.

Calculate a comprehensive index of food quality by the formula:

>3,

Kgr =122 — 4

z
ZZ er max

j=1x=1
where Kgr — coefficient of quality r-th products;
B,, — actual value of the quality of r-th products in the x-th indicator, score;
Byrmax — the maximum value of the quality of r-th products in the x-th indicator, the
score;
z —number of quality indicators, units;
k — number of experts, persons.
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To identify the quality of innovative food products with nanoparticles, to adhere to
these conditions (Table 5).

Table 5
Estimation of innovative food products with nanoparticles
on the criterion of quality

Value of the factor Conclusion
0<Kqr<0,33 The quality of innovative food products with
nanoparticles is low
0,34 <Kqgr<0,66 The quality of innovative food products with
nanoparticles is average
0,67 <Kgr <1,0 The quality of innovative food products with
nanoparticles is high

5. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of value for the consumer.
Todo this, calculate the food value ratio by matching the quality and price availability
factors.
The coefficient of price availability of innovative food products with nanoparticles is
based on the formula:

Kpr = i ®)

cr

where Kpr— coefficient of price availability of r-th products;
P, — the price of r-th products, monetary units;

P, — the price of a product-analogue of r-th products, monetary units.

The coefficient of value of innovative food products with nanoparticles for the
consumer to calculate by the formula:

Kar
Rar (6)
Kpr

To identify the value of innovative food products with nanoparticles for the consumer,
to adhere to these conditions (Table 6).

Kv =

Table 6
Estimation of innovative food products with nanoparticles
on the criterion of value for the consumer

Value of the Conclusion
factor

The high value of innovative food products with nanoparticles for the
Kv>1,0 consumer; the benefits received by the consumer exceed the cost of
purchasing the product

Low value of innovative food products with nanoparticles for the
Kv =1,0 consumer; the benefits received by the consumer correspond to the cost
of purchasing the product

The low value of innovative food products with nanoparticles for the
Kv <1,0 consumer; the benefits that the consumer receives is less than the cost of
purchasing the product
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6. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of economic efficiency.

To do this, determine the growth of profitability of production per unit of output by the
formula:

AR, = [Lcﬂ’jxloo— R @)
rl

where AR —an increase in the profitability of r-food products in the event of the introduction
of innovative technologies, %;

P, — the price of sales of r-innovation food products, monetary units;
C,, — cost price of r-food products according to traditional technology, monetary units;

C,;— the cost price of r-food products in the case of the introduction of innovative
technologies, monetary units;
P, — the profitability of the r food in accordance with traditional technology, %.

7. Conclude on the effectiveness of the introduction of innovative food products with
nanoparticles.

Results and discussion

In accordance with the methodology of the integrated analysis of the effectiveness of
the introduction of innovative food products, as outlined above, the evaluation of innovative
food products using the nanoparticles of a food additive "Magnetofood" based on two and
three valence iron oxides was carried out, the results of which concluded that a high level of
efficiency of the indicated innovation development.

The results of scientific work have significant potential not only in the food industry,
but also in the field of production of cosmetic and pharmaceutical products, food products of
medical and preventive action, indicating the prospects of using the scientific results obtained
in many scientific fields and types of economic activity.

Innovative is not only the indicated theoretical and experimental scientific results, but
also brought to the practical introduction into the economic activity of food industry
enterprises new types of products that have a high level of knowledge intensity (Figure 1).

According to calculations, the coefficients of scientific and scientific and technical
efficiency of food products made with the use of a nutritional supplement "Magnetofood"
based on two and three valence iron oxides were 0.83 and 0.84 points, respectively, indicating
a high level of scientific and scientific-technical efficiency developed innovative food
products (Table 7).
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Innovative food products with nanoparticles

—1actual scientific effectiveness, % basic scientific effectiveness, %

Figure 1. Indicators of scientific effectiveness of products based on the results of the
introduction of innovative food products with the addition of 0.15% of a nutritional supplement
""Magnetofood' based on two and three valence iron oxides, %

The most highly appreciated by experts were scientific efficiency and the prospect of
using the results. The maximum values in these areas reached 0.88 and 0.90 points,
respectively.

Based on the innovative idea of food products using nanoparticles, innovative products
characterized by high organoleptic characteristics (Figures 2-13) and new functional and
technological properties — sorption, emulsifying, structuring, foaming and gelling,
stabilizing, water and fat-binding, water and fat-retaining properties (Table 8 and Figures 2—
13). Experimental way is the rational mass fraction of nutritional supplement "Magnetofood"
on the basis of two and three valence iron oxides in the formulation of food products, which
is 0.15% of the mass of raw materials [19, 20].

408 —— Ukrainian Food Journal. 2019. Volume 8. Issue 2



——Economics and Management ——

Table 7

Results of expert evaluation of innovative food products using a dietary supplement "*"Magnetofood™
based on two and three valence iron oxides on the criteria of scientific and scientific — technical

efficiency
Indicator - Value, score Coefficient
maximum | actual
Scientific performance

Scientific level 3,0 2,4 0,81
Novelty 3,0 2,4 0,79
T_he depth gnd extent of the 3.0 25 0,83
dissemination of ideas

Scientific efficiency of products 3,0 2,6 0,88
Together 12,0 9,9 0,83
On the average 3,0 2,5 0,83

Scientific and technical performance
Perspectives of use 3,0 2,7 0,90
Scale of implementation 3,0 2,5 0,83
Implementation period 3,0 2,4 0,81
Degree of implementation 3,0 2,5 0,83
Together 12,0 10,1 0,84
On the average 3,0 2,5 0,84
Form
Color is fleshy
Mixing degre Crumbiness
Baking degree Elasticity

- = = Rye wheat bread - control

during chewing

Presence of crunch

Rye wheat bread with nanoparticles additive "Magnetofood"

Figure 2. Levels of quality of organoleptic properties of rye-wheat bread with nanoparticles
added to ""Magnetofood" in comparison with control rye-wheat bread

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

409



——Economics and Management ——

Consistency

— Spice-cake with nanoparticles of

the additive "Magnetofood”
= = = Spice-cake with - control

Figure 3. Levels of quality of organoleptic
properties of spice-cake cooked with

nanoparticles of the additive ""Magnetofood™

in comparison with control — spice-cake

Color

Scent

Minced meat product with
nanoparticles additive "Magnetofood"

= = = Minced meat product - control

Figure 5. Levels of quality of organoleptic
properties of minced meat products cut with
nano-particles of additive ""Magnetofood" in

comparison with control — minced meat
products manufactured using traditional
technology

410

Appearance

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

Taste,
Scent

Consistency

Oat biscuits with nan-particles
additives "Magnetofood"
— — = Oat biscuits - control

Figure 4. Levels of quality of organoleptic
properties of oat biscuits with nanoparticles
of the additive ""Magnetofood" in
comparison with the control — oat biscuits,

made according to the traditional technology

Appearance
Color

Beefsteak with nanoparticles
additives "Magnetofood"
----- Beefsteak - control

Figure 6. Levels of quality of organoleptic
properties of beefsteaks with nanoparticles
of supplements ""Magnetofood™ in
comparison with control — beefsteaks made
according to traditional technology
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Taste Taste

Shape
and

Color
surface

= Shaped jelly marmalade on agar
with "Magnetofood" nanoparticles

----- Shaped jelly marmalade on agar -
control

Figure 7. Levels of quality of organoleptic
properties of shaped jelly marmalade with
nanoparticles on agar with nanoparticles of
the additive ""Magnetofood' in comparison
with control — shaped jelly marmalade on
agar, made according to traditional
technology

Taste

Shape
and
surface

Scent

structure

— \\hite pink marshmallows on agar
with "Magnetofood" nanoparticles

— = = White pink marshmallows on agar -
control

Figure 9. Levels of quality of organoleptic
properties of white pink marshmallow on
agar with nanoparticles of the additive
""Magnetofood™ in comparison with control
— white and pink marshmallows on agar,
made according to the traditional technology

—— Ukrainian Food Journal.

Color

Shape
and
surface

Shaped jelly marmalade on pectin
with "Magnetofood" nanoparticles

== Shaped jelly marmalade on pectin
- control

Figure 8. Levels of quality of the

organoleptic properties of the shaped jelly
marmalade with nanoparticles on pectin

with nanopatrticles of the additive

""Magnetofood" in comparison with the
control — shaped jelly marmalade on pectin,
made according to the traditional technology

onsistency

and
structure

= \\/hite pink marshmallows on pectin

with "Magnetofood" nanoparticles

— — — White pink marshmallows on pectin

control

Figure 10. Levels of quality of organoleptic
properties of white pink marshmallows on
pectin with nano-particles of additive
""Magnetofood" in comparison with control
— white pink marshmallows on pectin, made
according to traditional technology
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Shlape, Shape,
consistency, consistency,
texture texture

5 5

Appearance Appearance .
Color II / Color
\_/
Scent aste Scent Taste
Berry fruit mousse with . Berry fruit sambuca with
"Magnetofood" nanoparticles "Magnetofood" nanoparticles

— — — Berry fruit mousse - control = = = Berry fruit sambuca with
"Magnetofood” nanoparticles

Figure 11. Levels of the quality of the Figure 12. Levels of quality of organoleptic
organoleptic properties of the berry fruit properties of berry fruit sambuca with
mousse with the nanoparticles of the additive —nanoparticles of the additive "*Magnetofood™
""Magnetofood' in comparison with the in comparison with control — berry fruit
control — berry fruit mousse produced by sambuca made according to traditional
traditional technology technology
C%nsistency

Appearance Scent

Cheese dessert with "Magnetofood"
nanoparticles
= = = Cheese dessert - control

Figure 13. Levels of quality of organoleptic properties of
cheese dessert with nanoparticles of supplement
""Magnetofood" in comparison with control — cheese
dessert made according to traditional technology
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From Figure 2-13 it follows that the introduction of nanoparticles of a dietary
supplement "Magnetofood"” based on the two and three valence iron oxides improves the
organoleptic parameters of food products by an average of 0.6—0.8 points in comparison with
control samples, made according to the traditional technology. This is due to the correction
of functional and technological properties of food systems under the influence of
"Magnetofood™" nanoparticles, in particular, stabilizing, gelling and foaming ability; the
formation of aqua and lipid complexes, the uniform distribution of moisture in the system.

Table 8 shows the influence of "Magnetofood” nanoparticles on the functional and
technological properties of food products.

Table 8
Output products, water-retaining ability (HRA) and fat-retaining ability (FRA) of food
products with nanoparticles of food additive "*Magnetofood™ in comparison with control

Name of ?OL::itS(l:Jtts Water-retaining Fat-retaining ability

food products P % ’ ability (HRA), % (FRA),%

Rye—wheat bread with | g7 g, 58,0+1,0 68,4+2,0
nanoparticles

Rye — wheat bread 82,7+1,0 50,0+1,0 62,1+2,0

Spice-cake with 88,7+1,0 55,0+1,0 70,442,0
nanoparticles

Spice-cake «Kharkivski» | 84,4+1,0 46,2+1,0 64,1+2,0

Oat biscuits with 86,8109 56,0410 69,4320
nanoparticles

Oat biscuits with traditional 81,4400 48,0+1.0 63,1+2.0

technology

Minced meat product with | g ;.4 7 82,0£0,9 73,4410
nanoparticles

Minced meat product by | g5 . 7 72,340,9 66,1+1,0

traditional technology

Beefsteak with 86,420,7 81,340,9 72,3410
nanoparticles

Beefsteaks by traditional 81,8407 71,0209 65.2+1.0

technology

It can be seen from Table 8 that the addition of Magnetit of (Fe3O4) nanoparticles in the
amount of 0.15% to the mass of raw materials contributes to an increase in the yield of
finished products by 4.3-5.4% due to the water and fat retaining ability of the nanoparticles
"Magnetofud"; HRA — by 8.0-10.3%, FRA — by 6.3—7.3% due to the mechanism of cluster
affinity of nanoparticles of the additive [17, 19].

According to the expert assessments, the coefficients reflecting the quality and price
availability of innovative food products are within the range of 0.67-1.0 and 0-1.0
respectively, and their ratio (quality to price) is greater than 1.0, indicating that the high value
of innovative products for the consumer (Figure 14).
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114 1112
1.12 -
1.10
1.08 107 107 1.06 1.06
1.06 -
1.04 102 102 % 102 102 102 1.02
1.02 - - - — - -
1.00
0.98
0.96
0.94

Coefficient of value products
for the consumer (quality-price)

on agar
nanoparticles
nanoparticles

Beefsteak with nanoparticles
on pectin

Rye - wheat bread with nanoparticles
Minced meat product with nanoparticles
Oat biscuits with nanoparticles

Spice-cake with nanoparticles

Shaped jelly marmalade with nanoparticles
Shaped jelly marmalade with nanoparticles
White pink marshmallow on agar with
White pink marshmallow on pectin with
Berry fruit mousse with nanopatrticles
Berry fruit sambuca with nanoparticles
Cheese dessert with nanoparticles

Innovative food products with nanoparticles
1 actual coefficient of product value for the consumer

basic coefficient of product value for the consumer

Figure 14. Indicators of the value of food products using the nanoparticles of the nutritional
supplement “Magnetofood” for consumers, coefficient

The calculation of the selling prices for the new products developed and their
comparison with the prices for products manufactured according to the traditional technology
allowed us to conclude that as a result of the use of a nutritional supplement "Magnetofood",
which causes an increase in the output of finished products, the cost of raw materials for new
products are smaller compared to analogues, which, in other equal conditions, leads to an
increase in profits and an increase in the profitability of products.

According to the calculations, the price of the developed innovative products
corresponds to the prices for analogue products, which, taking into account higher qualitative
characteristics, gives the company the opportunity to increase the profitability of innovative
products by 0.2-5.4% and to obtain additional profit.
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Conclusions

As aresult of the study, the following conclusions were drawn.

Complex assessment of the effectiveness of the introduction of innovative food
products had been carry out, which involves the implementation of interconnected
stages in determining the scientific, scientific and technical efficiency of innovative
technologies, the quality and value of innovative products for the consumer, the
economic efficiency of the introduction of innovative food products.

The improvement of organoleptic parameters of food with the use of a food additive
"Magnetofood" on the basis of on two and three valence iron oxides was improved by
an average of 0.6-0.8 points in comparison with control samples, made according to the
traditional technology. It was established that the addition of Magnetitofud (FezOa)
nanoparticles in the amount of 0.15% to the mass of raw materials contributes to an
increase in the yield of finished products by 4.3-5.4% due to the water and fat-binding
properties of Magnetofood nanoparticles; HRA — by 8.0-10.3%, FRA — by 6.3-7.3%
due to the mechanism of cluster affinity of nanoparticles of the additive.

On the basis of the integrated evaluation of innovative food products using a nutritional
supplement "Magnetofood" on the basis of on two and three valence iron oxides, the
effectiveness of its implementation is established.
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