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Abstract
The results of researches of influence of protein-mineral supplements on quality indicators of butter cookies are presented. It 

is described, that the supplements are used as a multifunctional ingredient, which on the one hand enriches the finished product with 
digestible calcium compounds, on the other - performs a number of technological tasks and improves the consumer characteristics 
of butter cookies.

The purpose of the study was to determine the effect of protein-mineral supplements on a number of physicochemical, con-
sumer characteristics and safety indicators of butter cookies.

The study of the following physicochemical parameters of the quality of butter cookies was conducted: mass fraction of 
moisture, wettability, alkalinity, calcium content, including total and protein-bound.

It is established, that with the content of supplements up to 5.0 % of the flour weight, all the above indicators meet the estab-
lished requirements. With the content of suppements at the level of 6.0… 7.0 %, there are limit values of such an indicator as wet-
tability, which is undesirable to ensure the appropriate porous structure of the product. Based on the obtained data, it can be stated, 
that 5.0 % of the use of supplements is the limit rational content in the composition of butter cookies.

The organoleptic analysis proved the high characteristics of the developed products in comparison with traditional ones. In 
products with supplements, there was an improvement in the structure of the product in the cut and its color. This is ensured by the 
stabilization of the emulsion by the supplement during the manufacture of products and by peculiarities of its chemical composition.

Studies of safety indicators allowed to establish less intensive dynamics of accumulation of primary oxidation products 
(peroxides) in samples of flour and butter products with supplements in comparison with control. The best microbiological stability 
of products with supplements is also proved. Due to the bacteriostatic effect of the supplements, less intensive accumulation of mi-
croflora during storage was achieved.

On the basis of the conducted researches the expediency of using up to 5.0 % of protein-mineral supplements in the compo-
sition of flour and butter products for enrichment of finished products with digestible calcium compounds, improvement of organo-
leptic characteristics and safety indicators have been established.
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1. Introduction
The food industry, including confectionery, in modern developed countries is in constant 

development, due to the expansion of the product range.
This effect is achieved mainly due to the introduction of the following measures: the use 

of new raw materials [1–5], by-products of food production of plant [6] and animal origin [7, 8]; 
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enrichment of finished products with essential compounds. The most common way of enrichment 
is the introduction of biologically active supplements of natural [9–11] and microbiological origin 
into the product [12]. The use of these measures makes it possible not only to expand the variety 
of finished products, but also to create products for functional and health purposes. This direction 
is relevant, as the lack of macro-and micronutrients, vitamins and other nutrients is a common 
problem of nutrition.

The aim of the work is to study the qualitative characteristics of butter cookies, enriched 
with digestible calcium compounds [13]. As an enriching component, it is proposed to use a pro-
tein-mineral supplement and an improved protein-mineral supplement [14]. Supplements have a 
powdery state, cream color, are characterized by neutral organoleptic quality indicators.

In terms of chemical composition, they are partially thermally hydrolyzed collagen proteins, 
which are a matrix for the formation of chelate complexes with calcium and magnesium. In supple-
ments, calcium compounds are in two states: chelate complexes and calcium citrate. This allows, on 
the one hand, to ensure the deposition of calcium in the tissues due to the high metabolic activity of 
chelate complexes and to maintain the level of calcium in the consumer’s blood due to citrates. The 
improved form of the supplement contains chondroitin sulfates, which have pronounced complex-
ing properties and are an important metabolic factor that ensures efficient absorption of calcium 
compounds and its deposition in tissues [14].

Research of qualitative characteristics of functional and health-improving products is an 
expedient element of development of the specified products. This is due to the fact that the intro-
duction of new components in the formulation of products can, on the one hand, have a positive 
effect on their nutritional and biological value, and on the other – negatively affect the standard 
indicators of their quality.

Thus, in order to determine the effect of protein-mineral supplements and improved pro-
tein-mineral supplements on the quality of butter cookies, it is necessary to solve the following tasks:

1) to investigate the effect of supplements on the normative physicochemical characteristics 
of butter cookies;

2) to determine the effect of supplements on the organoleptic characteristics of the finished 
product;

3) to investigate the change in the safety of the developed cookies during storage.

2. Materials and methods
The object of the study is samples of butter cookies with the addition of protein-mineral sup-

plement (PMS) and improved protein-mineral supplement (IPMS) [14]. Supplements were added to 
the product in the amount of 1.0… 7.0 % of the weight flour. Samples of cookies, made according 
to the recipe without supplements, served as controls.

The supplement is a powder system based on partially hydrolyzed collagen tissues of animal 
origin, which are the basis for the sorption of calcium and magnesium cations and the formation of 
stable chelate complexes on their surface.

Total chemical composition of PMS  ( %): moisture – 6.1±0.2; protein – 75.5±2.75 %; 
fat – 8.1±0.4; chondroitin sulfates – 0.2±0,005; ash – 10.1±0.4; calcium – 7.5±0.4; magnesium – 
0.35±0.02. Total chemical IPMS ( %): moisture – 6.2±0.2; protein – 60.2±2.5 %; fat – 6.5±0.3; 
chondroitin sulfates – 19.0±1.0; ash – 8.1±0.3; calcium – 6.7±0.35; magnesium – 0.31±0.02.

The share of such protein-bound calcium reaches 60… 65 % of its total amount, 35… 40 % 
of calcium is represented by citrate, which has a low metabolic activity, but is able to effectively 
maintain the level of calcium in the blood of consumers. The powder has a neutral taste and aromat-
ic characteristics, cream color, which provides a wide range of supplements in food technology. The 
improved form of the supplement contains up to 20.0 % of chondroitin sulfates. They are known to 
be an important factor in the absorption of calcium by the human body and are capable of forming 
colloidal solutions with high viscosity. This provides their technological functionality [14].

Organoleptic, physicochemical indicators of quality of baked samples of cookies, safety 
indicators, in particular oxidative transformations of lipids and microbiological indicators were 
investigated.
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Organoleptic quality indicators of the studied samples were determined on the basis of ex-
pert assessments [15, 16], humidity - by drying to the constant weight [15], alkalinity - by titra-
tion [16]. The wettability of cookies was determined by the ratio of the weight of the batch before 
and after immersion in water [16], the total calcium content – by burning a batch of cookies and 
titrimetrically [17]. The content of protein-bound calcium was determined by the author’s method 
with sequential determination of mineral and organically bound calcium [17].

Determination of the number of mesophilic aerobic and facultative anaerobic microorgan-
isms, as well as the number of mold fungi by inoculation on a nutrient medium, followed by direct 
counting of colonies. Determination of the content of bacteria of the Escherichia coli group and 
pathogenic microflora by inoculation on an accumulation medium, followed by re-inoculation on 
a differential diagnostic medium and identification of microorganisms. Acid, iodine and peroxide 
numbers were determined titrimetrically with prior extraction of the fat fraction [17].

The samples were made according to the traditional recipe and technology with the appropri-
ate preparation of the supplement and the replacement of a certain portion of wheat flour for it [18].

3. Research results and their discussion 
In accordance with the purpose of the work, a number of studies were conducted to determine 

the physical and chemical quality indicators that are normalized for cookies, and consumer charac-
teristics of new products, made using protein-mineral supplements. At the first stage the conformity 
of wettability, humidity, alkalinity of finished products to the established requirements was investi-
gated. The content of total and protein-bound calcium was also evaluated as an important criterion for 
assessing the quality of the target product. The research results are given in Table 1.

Table 1
The research results of physicochemical quality indicators of butter cookies (n=5, р≤0.05)

Sample 
Indicator

Mass share of mois-
ture, % Wettability, % Alkalinity, 

degrees 
Content of calcium

Total/protein-bound, mg/100 g 
Standard No more 15.50 No less 110 No more 2.0 –
Control 7.82 170 1.4 34/2

Cookies with PMS
1.0 % PMS 7.92 158 1.42 74/46
2.0 % PMS 8.05 149 1.47 112/71
3.0 % PMS 8.21 142 1.55 158/98
4.0 % PMS 8.32 132 1.58 197/119
5.0 % PMS 8.54 127 1.62 235/145
6.0 % PMS 8.76 113 1.69 282/170
7.0 % PMS 8.93 108 1.75 317/197

Cookies with IPMS
1.0 % IPMS 8.12 162 1.45 68/44
2.0 % IPMS 8.32 154 1.49 98/63
3.0 % IPMS 8.54 149 1.54 125/79
4.0 % IPMS 8.78 139 1.57 167/105
5.0 % IPMS 8.96 130 1.63 205/127
6.0 % IPMS 9.04 118 1.68 254/158
7.0 % IPMS 9.22 112 1.72 297/182

Based on the obtained data, it can be stated, that when using up to 5 % of PMS and 7 % of 
IPMS, the finished product meets the established requirements for moisture content, wettability, 
alkalinity. When the content of the supplement is 5…7 %, the maximum content of digestible cal-
cium compounds is naturally observed.

It should be noted, that at the content of supplements at the level of 6…7 % there are limit 
values of such an indicator as wettability. This is an important characteristic of sensory perception 
of a buttery flour product, which characterizes the porosity of the structure and the ability of the 
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components to hydrate. Low wettability can be an indicator of crumbly structure loss by products. 
Thus, on the basis of the obtained data it can be stated, that 5 % of the use of supplements is the 
limit rational content in the composition of flour products.

At the next stage, the organoleptic characteristics of the developed products with 5 % con-
tent of the supplements were determined. It is established, that the product samples are character-
ized by the following organoleptic characteristics, given in Table 2 and Fig. 1.

Table 2
The organoleptic quality indicators of butter cookies

Standard Cookies with PMS 5 % Cookies with IPMS 5 %
Surface The surface is smooth without cracks and damage The surface is smooth without cracks and damage
Color From light cream to light brown From light cream to light brown

Taste and smell Inherent in recipe components.  
No foreign smells and smacks

Inherent in recipe components.  
No foreign smells and smacks

Outlook in the cut The cookies are evenly baked. Porous structure. 
There are single cavities

The cookies are evenly baked. Porous structure.  
No single cavities

3.8
4

4.2
4.4
4.6
4.8

5
Color

Color

TasteSmell

Outlook in the cut

Control
5% PMS
5% IPMS

Fig. 1. The results of expert organoleptic evaluation of butter flour products taking into account 
the weighting factors

Fig. 1 shows that products, containing 5.0 % of IPMS, have the best organoleptic character-
istics. The main advantages of this product are the uniform structure in the cut, the formation of a 
smoother surface of the product and improved color characteristics. The uniformity of the structure 
is achieved by obtaining a more stable emulsion system with IPMS in the manufacture of buttery 
products, which ensures the uniform distribution of the fat phase.

Thus, it is possible to form the uniform porous structure without large differences in the size 
of cavities. The advantages in the formation of color are the presence in the composition of supple-
ments of a significant proportion of thermally hydrolyzed proteins, which during heat treatment are 
able to interact with carbohydrates and, as a consequence - the formation of stained substances. The 
color becomes more saturated and expressive, which has a positive effect on the external perception 
of the product without the use of additional color-forming recipe ingredients.

At the next stage, the safety indicators of the developed products during storage were in-
vestigated. Storage was performed at a temperature of 18±3 °C, relative humidity not more than 
75.0 %, for 90 days in a film polypropylene non-hermetic package. The dynamics of acid, iodine 
and peroxide values were studied in order to determine the nature of the accumulation of primary 
products of lipid oxidation. The research results are presented in Fig. 2–4.

The obtained results indicate that the samples of flour butter products with the supplement 
are characterized by less pronounced dynamics of oxidative processes. This is due to the fact that 
the supplement contains calcium citrate, which has antioxidant properties and is able to prevent the 
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development of chain reactions of lipid oxidation and prevent the accumulation of peroxides. It has 
been found, that the use of PMS in this aspect is more effective. This is due to the higher content of 
calcium citrate compared to the improved form of the supplement.
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Fig. 2. Dynamics of changes in acid value during storage of butter cookies:  
1 – control; 2 – 5 % of IPMS; 3 – 5 % of PMS
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Fig. 3. Dynamics of changes in iodine value during storage of butter cookies:  
1 – control; 2 – 5 % of IPMS; 3 – 5 % of PMS
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Fig. 4. Dynamics of changes in peroxide  value during storage of butter cookies:  
1 – control; 2 – 5 % of IPMS; 3 – 5 % of PMS

The results of studies of microbiological safety indicators are given in Table 3.
As a result of the research of microbiological quality indicators it has been established, 

that supplements are characterized by the expressed bacteriostatic character. The dynamics of the 
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QMAFAnM, which is an indicator of total microbial contamination of the product, proves to inhibit 
the development of microorganisms in comparison with the control product. Given the low hu-
midity of the product, the accumulation of microflora can occur due to its ingress mainly from the 
external environment. However, provided that all samples were stored under the same conditions, 
samples with supplements show microbiological stability. This is caused by the preservative action 
of calcium citrate, which prevents the development of vegetative forms of microorganisms. 

Table 3
The research results of microbiological quality indicators of butter cookies (n=5, р≤0.05)

Quality indicators
Samples

Standard 
values

Butter cook-
ies (control)

Butter cookies 
with 5 % of PMS

Butter cookies 
with 5 % of IPMS

QMAFAnM* (CFU/g, no more) 
before and after storage 

0 days**
1×104

5.7×102 3.2×102 3.0×102

45 days** 6.5×102 3.4×102 3.3×102

90 days** 8.2×102 3.4×102 3.6×102

Bacteria of the Escherichia coli group (coli-forms) in 0.1 g Not permitted Not detected** Not detected** Not detected**
Pathogenic m/o including Salmonella, in 25 g Not permitted Not detected** Not detected** Not detected**

Mold fungi, CFU, in 1 g Not permitted Not detected** Not detected** Not detected**

Note: * – number of mesophilic aerobic and facultative anaerobic microorganisms; ** – not detected in freshly made products and 
after storage for 90 days

The absence of Escherichia coli bacteria and pathogenic microflora indicates a high sanitary 
level of raw materials and compliance with sanitary and hygienic requirements in the production 
of the final product.

Thus, flour and butter products, made using 5.0 % of protein-mineral supplements, are char-
acterized by better safety indicators compared to products, made by the traditional technology. 
This may be a certain competitive advantage of the developed technology compared to existing 
analogues at the market.

4. Conclusions
As a result of solving these problems, we can conclude that the use of protein-mineral sup-

plements in the technology of production of butter cookies in the amount of 5.0 % of the flour 
weight allows:

– to improve the mineral composition of the finished products, in particular to enrich them 
with digestible calcium compounds, and effectively improve their consumer characteristics;

– to ensure compliance with regulatory requirements for such physical and chemical quality 
indicators as wettability, humidity, alkalinity of the finished products to the established regulatory 
requirements;

– to improve the organoleptic characteristics of the products through the formation of the 
more homogeneous porous structure and more intense color of the finished product;

– to improve the safety of the new products compared to traditional products throughout the 
shelf life by inhibiting oxidative processes in lipids and inhibiting the development of microflora.

The obtained results will allow the implementation of the developed technology of butter 
cookies in production. This will help improve the market for functional and health food products. 
At the next stage, medical and biological studies of the effectiveness of the use of this product to 
compensate for calcium deficiency in consumers will be organized.
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