Becmuuk AI'TY. Cepus: Pvionoe xo3aiicmeo. 2022. Ne 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Texnonoeuueckue npoyeccyl, MAuiUHbl U ANNApamsl OJisk RepepabomKi 600HbIX OUOPECYPCO8

Original article

UDK 641.56+ 664.951
https://doi.org/10.24143/2073-5529-2022-3-116-122
EDN CWWRVQ

Development of qualimetric model for predicting quality indicators
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Abstract. The analysis of school food rations was carried out in terms of satisfaction of schoolchildren and their legal
representatives, as well as the state control bodies and representatives of the companies providing food services in
schools in the quality, assortment, as well as in physiological needs. A questionnaire was developed to analyze the re-
quests of potential consumers. The expert method of full pairwise comparison established the priority requirements
of the consumers: the requirement not expressed during the survey regarding the absence of fish bones in the finished
product and the expressed requirement about the presence of natural components in the food composition. The actual
percentage consumption of school menu dishes was established on the example of schoolchildren in the Kaliningrad
region. Based on the conducted qualimetric forecasting, recipes and technology for manufacturing a line of fish prod-
ucts were developed for including into the diet of schoolchildren both at school canteens and through a retail network
for cooking at home.
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AnHoTanus. [IpoBeneH aHanm3 panoHOB MIKOJFHOTO MUTAHUSA 10 YPOBHIO YAOBIETBOPEHHOCTH IIKOJFHUKOB M MX
3aKOHHBIX NIPEACTaBUTENEH, a Takke TOCYAAPCTBEHHBIX OPTaHOB KOHTPOJIS U NMPEACTABUTENICH KOMIIaHUH, IPETOCTaB-
JSIOMNX YCIIyTy IMHUTaHMS B IIKOJIAX, KA9eCTBOM, aCCOPTUMEHTOM H CTEIEHBIO YIOBIETBOPEHHOCTH (hH3HOIOTHYE-
CKHX moTpebHOcTel. Paspaborana ankeTa Ui aHAIM3a 3allPOCOB MOTEHIMAIBHBIX NOTpeOHTeNnel. DKCIEepPTHBIM Me-
TOJIOM TIOJIHOTO TIapPHOTO CONOCTABJICHHs YCTAHOBIIECHBI IPUOPHUTETHHIE TPeOOBaHHS TOTpeOUTENCi: He BRICKa3aHHOE
UMH IIPY aHKETHPOBAHUM TPeOOBAaHHE B YACTH OTCYTCTBHS PHIOHBIX KOCTOYEK B TOTOBOM M3/EIUH M BBICKa3aHHOE —
HaJM4He B COCTaBe HATypPAIbHBIX KOMIIOHEHTOB. YCTAaHOBJIEHO (DaKTHYECKOe INPOIEHTHOE MoTpedieHne 0oz
IIKOJILHOT'O MEHIO Ha IpyMepe ydamuxcs KanuHuHrpaackoit ooiactu. Ha ocHOBe poBeAeHHOTO KBATUMETPHIECKO-
TO HPOTHO3MPOBAHMS Pa3pabOTaHBl PEHENTYpPHl M TEXHOJIOTHS W3TOTOBICHHS JIWHEHKH NMPOXYKIMH U3 PHIOBI JUIS
BKJTIOYEHUS B PAILHIOH ITUTAHMS IIKOJBHUKOB — KaK B ITKOJIBHBIX CTOJIOBBIX, TAK U Yepe3 POZHUYHYIO CETh — JUISl IPH-
TOTOBJICHUS B IOMAIlTHUX YCIOBHAX IJISI JAHHOW KaTETOPHU HACEJICHNUS.
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Introduction

A rapid growth, physical and mental development
of children and adolescents, combined with a signifi-
cant neuropsychic load due to an intensive learning
process, which, starting from the age of 6, predeter-
mine the need for a constant intake of a complex of all
essential and nonessential nutrients with food, includ-
ing proteins and amino acids, fats and fatty acids, vari-
ous classes of carbohydrates, including dietary fiber,
micronutrients (vitamins and vitamin-like substances,
mineral salts and trace elements), bioflavonoids, nu-
cleotides, etc. This requirement can only be met
providing properly organized, rational (healthy, opti-
mal, balanced) nutrition of children in preschool and
school institutions and at home.

The rational nutrition of children and adolescents
in organized groups is a system of requirements that
can be briefly formulated as follows:

1. When forming school food rations, the energy
value should be adequate to the energy consumption
of modern children and adolescents.

2. Substantiation of the ratio for all nonessential
and irreplaceable nutrients, including proteins and
amino acids, dietary fats and fatty acids, various clas-
ses of carbohydrates, vitamins and vitamin-like sub-
stances, mineral salts and microelements according to
the level of physiological needs of this age group.

3. Systematic intake with food of the most im-
portant minor components: natural antioxidants, nu-
cleotides, etc.

4. Compliance with the principles of biodiversity in
the preparation of the diet.

5. Compliance with the interval between meals.

6. Technological processing modes aimed at max-
imum preservation of the original nutritional value and
high taste indicators.

7. Accounting for the individual characteristics
of children (including their intolerance to certain foods
and dishes).

8. Ensuring sanitary and epidemiological safety
of all processes of the product life cycle.

However, analysis of the state of nutrition of chil-
dren in school organizations, which has been carried
out on an ongoing basis in the past few years, as well
as an analysis of a sociological study on the satisfac-
tion of students and their parents with the organiza-
tion and quality of nutrition in educational organiza-
tions, indicates significant deviations from these
principles [1-4].

The state authorities and Rospotrebnadzor of the
Russian Federation have done a lot of work in terms
of ensuring the safety and balance of school meals.
However, some food organizers, due to objective rea-
sons, most often practically exclude fish dishes from
the diet. The specific contingent of those who eat dic-
tates special requirements for the taste, aroma and ap-
pearance of products. All these indicators form an or-
ganoleptic characteristic. Methods for organoleptic
evaluation are selected depending on the objectives
of the study [5-10].
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A critical factor in all sensory methods is the accu-
racy and objectivity of measurements, as well as the
appropriate interpretation of the results of these meas-
urements, so that they can be analyzed objectively and
arbitrary interpretation of the data obtained can be
avoided. Through the process of data digitization, sen-
sory evaluation becomes a quantitative science using
statistical analysis, numerical modeling and forecasting.

The relevance of using objective methods for as-
sessing the desirability of certain healthy foods in the
diet of schoolchildren is beyond doubt.

Thus, the purpose of this study is to form a “house
of quality” that allows to establish the relationship
between consumer requirements for fish products, its
quality characteristics and the requirements of regula-
tory and technical documents.

Objects and methods of research

The objects of the study are minced fish products
with the addition of products of plant and animal
origin, questionnaires of potential consumers and their
legal representatives.

Research methods of determining organoleptic in-
dicators are applied, according to GOST 7631-2008
“Fish, non-fish objects and products from them. Meth-
ods for determining organoleptic and physical indica-
tors”, determination of the mass fraction of moisture,
protein, fat according to GOST 7636 “Fish, marine
mammals, marine invertebrates and products of their
processing. Methods of Analysis”. Design methods
“House of Quality” [11].

Results and discussion

The results of the organoleptic evaluation of prod-
ucts can be quantified by means of dimensionless
numbers, commonly known as “scores”. A set of nu-
merical values that combines the assessment of prod-
uct properties in a given quality range forms a scoring
scale. The method of scales is widely used due to its
information capabilities and a large number of scales
due to their various modifications. At the same time,
the application of this method gave a large number
of doubtful and even erroneous results due to unjustifi-
ably free circulation in the choice of scales, in the pro-
cess of changing their range and content, in the statis-
tical analysis of the results [12].

For sensory analysis, interval scales are most often
used. Interval scoring scales differ in the number
of points used to evaluate the product, the quality
range of the object under study, the method of assign-
ing points, the verbal description of each quality level
corresponding to a certain number of points, the meth-
od of overall evaluation of the product, the presence or
absence of coefficients of significance of individual
organoleptic features. The significance coefficient re-
flects the value assigned to individual indicators in
assessing the overall quality.

Significance coefficients differ in value depending
on the type of product, the country where they are in-
stalled, and other factors. The choice of significance
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factors is at the discretion of those responsible for
quality control.

A five-point scale has become the most widely
used scale in the practice of organoleptic evaluation. In
particular, it is widely used in the assessment of fresh,

frozen and canned fish and fish semi-finished products
and culinary products. The use of a five-point scale
allows a taster with average sensory sensitivity and
experience to obtain fairly accurate results. A variant
of a simple five-point scale is shown in Table 1.

Table 1
A variant of the five-point scale for assessing food quality
Verbal characteristic of quality Quality percentage Score
Excellent 80-100 5
Good 60-80 4
Average 40-60 3
Unsatisfactory 20-40 2
Very bad 0-20 1

When using a five-point system for a comparative
evaluation of several samples, tasters may need to ob-
tain a more differentiated assessment of them, for ex-
ample, a half-point value, or express their attitude to
the product in addition to the assessment of points with
plus or minus signs. The five-point assessment system
can be recognized as the main or reference.

Using extensive research experience in the field
of sensory assessment [12] of product quality, a five-
point scale was developed to assess the quality of semi-
finished fish and culinary products. This scale is double,
i. e. contains positive and negative deviations from

some average product quality and a verbal description
of each quality level. At the same time, gradually in-
creasing positive quality indicators (from a product
of average quality to ideal) are located at the top of the
table, and negative ones (from medium to very poor) —
at the bottom. When developing the scale for organolep-
tic evaluation the following indicators were taken as the
main ones: appearance, aroma, taste, texture, color.
Each indicator has 5 levels of quality: optimal quality
5 points, very good — 4, acceptable (but undesirable) —
3, unacceptable — points 2 or 1 (Table 2).

Table 2

General characteristics of evaluation steps (for all product features)

Number of points

Characteristics of the assessment steps

According to the corresponding feature, the product is characterized positively; no noticeable flaws or defects

5 found
4 The product has minor flaws or defects that have little or no negative effect on the taste of the product
3 The product has flaws or defects, but the product meets the minimum requirements of the standard

Deficiencies or defects are found in the product, as a result of which, although the product does not meet the min-
2 imum requirements of the standard, it does not lose its suitability for consumption and, although it is no longer
marketable, after appropriate processing it can still be used under certain conditions

human consumption

The product is found to be so severely defective that it must be considered spoiled and, in any case not suitable for

The scoring system for determining product quality
ensures clarity and uniformity of judgments, compara-
bility of data, smoothes out the subjectivity of organo-
leptic evaluation.

The overall organoleptic evaluation of product
quality is expressed as a total score, if the individual
properties of the product are evaluated by points with-
out a significance factor:

X:Xl +X2 +X3+...+Xn,

where X — overall product quality in points; X, X5,
X;, ..., X, — scores given for each indicator.

When using a score with significance coefficients,
the total score is calculated by dividing the sum of the
product of scores by the significance coefficient
of each indicator by the sum of these coefficients:

X:(Kl'Xl+K2‘X2+K3'X3+...+KH'X,,)/K,
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where K, K3, K, ..., K, — significance coefficients; X,
X5, X, X, — scores given for each indicator;
K — sum of significance coefficients.

An important element of the sensory study of food is
the unambiguous description of perceived properties.
The concepts used to characterize perceived properties
should preclude or at least limit the possibility of their
different interpretations. This implies the requirement to
use standard concepts in the sensory study of food
products. Practice has shown that it is impossible to
obtain a generally recognized clear and unambiguous
description of organoleptic features in the absence
of unification of the terms expressing them [5-10].

It is important to develop a questionnaire to assess
the organoleptic characteristics of products and identi-
fy consumer preferences (Table 3).
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Table 3

Formation of a questionnaire to analyze the requests of potential consumers

Poll parameter

Versions of answers

Age (if a student answers)

7-11
11-14
14-18

Relationships (if not a student answers)

Mother/Father
Grandmother/Grandfather
Brother/Sister
Guardian

What foods students eat most often at school

Brings home cooked food

Brings what his parents bought

Brings what he bought

Buys food cooked at the school canteen

Buys food at the school cafeteria

How often a student east fish products (dishes)

More than 3 times a week
2 times per week
1 time per week
1 time per month
Doesn't eat fish

What qualities of fish products (dishes) are negative for you

A specific fishy smell
Small bones
Allergic reaction

What characteristics need to be changed in order for fish products
(dish) to cause a desire to eat

Attractive color (not grey)
In appearance, it resembles a product (dish) from meat or poultry
Product (dish) made from minced meat or fillet (easily eaten)

What characteristics should an “ideal” fish product (dish) have?

Useful products (the natural beneficial characteristics of fish are
preserved as much as possible)
No preservatives
No artificial colors and flavor enhancers;
The products (dishes) include only natural ingredients
In the production of products heat treatment is used, with the ex-
ception of frying or deep-frying and smoking

Justification of the product parameters for school
meals should consist of two parts of equal importance.
First, the requirements of sanitary and regulatory docu-
mentation for food products for schoolchildren, taking
into account the requirements for a balanced healthy diet.
Second, it is the taste preference of schoolchildren, their
organoleptic expectations from the products offered.

An important factor is that, in fact, a potential con-
sumer is deprived of the opportunity to choose food
products. Quality management plays a major role in
assessing the level of attractiveness of products for chil-
dren and adolescents. It can both maintain quality at the
required level and improve it. Increasing expectations
of potential consumers leads to the fact that the concept
of continuous improvement is increasingly used, which
is directly dependent on the tools and methodologies
used to manage and improve quality.

One of the goals of quality management methods is
sufficient simplicity and visualization of solutions.
A fairly simple and well-known quality improvement
technique - Quality Function Deployment (QFD) meth-
odology - is a project of Japanese scientists that allows
to translate the expected ever-increasing needs of food
consumers into the detailed basic and additional charac-
teristics of the products under study; the goal of this
design is using the matrix “House of quality” (quality
house) [11]. Quality Function Deployment (QFD) is
a methodology for the systematic and structured trans-
formation of the wishes of schoolchildren into quality
requirements for fish dishes made in an industrial set-
ting or in a school cafeteria. In accordance with the pro-
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posed QFD methodology, the wishes of schoolchildren
and their parents are established, namely: color, taste,
smell and texture. However, on the part of the state re-
sponsible for the health of the younger generation, im-
portant factors are: safety, absence of preservatives,
flavors, dyes and production cost.

To identify the reliability of the applied categories
of indicators, special questionnaires were developed
and interviews were conducted with both potential
consumers and their legal representatives, state control
bodies and representatives of companies providing
food services in schools.

The starting point is the official requirements for
ensuring the normalized nutrient sufficiency estab-
lished in the norms of physiological need [13].

In the course of the research, an assessment was
made of the quality of fish dishes. In a comparative
analysis, as a control sample, fish cakes were made ac-
cording to traditional technology using wheat bread. All
samples received satisfactory results, but two samples
differed significantly in organoleptic characteristics,
which received the highest score and the lowest score.

The results of studying the requests of potential
consumers made it possible to divide the requirements
into three groups.

The first group — implied:

— absence of a distinct fishy smell;

— absence of gray tones in the color range of fin-
ished products;

— absence of fish bones in the finished product.

The second group — unconscious:
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— resembles meat or poultry products in appearance;

— no negative effects on the body (allergic reactions);

— ease of use (it is possible to eat without a knife, as
knives are not always available in the school cafeteria).

The third group — expressed:

— useful (preservation of the native properties
of the components included in the composition);

— no preservatives;

—no dyes or flavor enhancers;

— natural ingredients;

— mild heat treatment;

— aesthetically attractive look.

Consumers’ requirements were prioritized. To do
this, we used the expert method of full pairwise match-
ing. As a result of the comparison, the most important
requirement of the consumer turned out to be (the re-
quirement that he did not express during the survey)
the absence of fish bones in the finished product and
the stated requirement — the presence of natural ingre-
dients in the composition (Table 4).

Table 4
Prioritized customers’ requirements
, Lack No preserva- Ease Gentle Lack of Aesthetic | Product

Consumers Natural £ fish . fl " £ i h N !
requirements | Ingredients of fis tives or flavor | of use o Utility eat a distinct appear- color

bones enhancers products treatment | fishy odor ance range
Significance 03 0.1 0.03 0.09 0.15 0.13 0.08 0.07 0.03
coefficients

As a result of the analysis of personal data and the
established coefficients of significance, a “house
of quality” was built, shown in the figure. The present-
ed relationships allow us to correlate consumer re-
quirements for fish products, which should be imple-
mented in the menu of school canteens, with the re-
quirements of regulatory documents and technical pa-

rameters of products, as well as to establish the rela-
tionship between product characteristics.

Quantitative values of indicators have been estab-
lished, which fish dishes should have for schoolchil-
dren in order to meet the predicted consumer prefer-
ences (Table 5).

Table 5

Quality indicators of fish products for schoolchildren for one meal (lunch)

Chemical composition Cutlets from minced white fish Cutlets from a .combmatlon of minced
white/red fish
Mass fraction of protein %, not less than 8.0 8.0
Mass fraction of fat %, not less than 1.0 5.5
Mass fraction of carbohydrates %, not less than 5.0 5.0
Energy value, kcal, not more than 180 180
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Analysis of the relationship between quality indica-
tors and the importance of the parameters of perception
of the product by the consumer made it possible to
choose the appropriate optimum in quantitative terms
of indicators that most accurately characterize the quali-
ty of the final product. The choice of indicators was also
influenced by the possibility of achieving important
characteristics for the consumer, while the costs had to
be minimized. As a result, areas for improvement were
identified. Creating a product range for schoolchildren
has a number of limitations, primarily related to the
inability to use various technological aids (preserva-
tives, flavor enhancers, flavors and dyes).

Conclusion
Thus, the direction of improving the parameters
of products has been chosen, which ensures using the

affordable and healthy natural ingredients. Particular
attention is required to the development of technologi-
cal regimes to ensure the absence of bones in the fin-
ished product.

After a systematic analysis of the resource provi-
sion of qualitative and quantitative indicators of the
composition of fish raw materials, taking into account
the requirements for food products for schoolchildren
and the identified consumer preferences, it was decid-
ed to make minced products from frozen cod, hake and
pollock as objects of study.

Based on the conducted qualimetric forecasting,
recipes and technology for manufacturing a line of fish
products were developed for inclusion in the diet
of schoolchildren both in school canteens and through
a retail network for cooking at home for this category
of the population.
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