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Haeoosamovca pesynvmamu 0ocaioxncenv po3poonenux
M’aco-micmxux naniepabpuxamie ma nposedeno ama-
23 pesyavmamis, AKi niomeepoNcyomv MONCAUBICMD
KOMOIHY8anns M’aca Kauku i m’aca npicHo600HOTI puou
6 peuyenmypi Mm’aco-micmxux Haniepabpuxamic was-
XOM NO6HOI 3aMiHU 6 peuenmypax CEUHUHU i ATOBUHU-
nu. Kombinyeanns 6 peuenmypax m’aco-micmxux nanie-
(dabpuxamie m’aca kauxu ma m’aca npicHo8ooHoi pudu
003601U10 ompumamu MooevHi hapwi 3 ucoxumu Qynx-
UIOHATILHO -MEXHONOZIMHUMU BTLACMUBOCTAMU: 3HAUEHHS
8071020 38’a3ytouoi 30ammnocmi do 81,54 %, eonozoympu-
Mytouoi 30amnocmi 0o 76,47 %, emynveyrouoi 30ammoc-
mi do 98,0 %, cmabinvrocmi emynvcii do 69,49 %, wo
€ suwuMU 6 NOpieHANNL 3 Haniepadpuxamamu Ha 0CHOBL
mpaoduyiinux eudie m’aca. Cencopna oyinka saxocmi po3s-
poonenux naniepabpuxamie niomeepouna 6ucoxy axKicmo
opeanoenMUMHUX NOKA3HUKIE MaA 6i0N06iOHICMb 6UMO-
2am, WO PeamMeHmyomvCs Cmanoapmam 0as mpaouuiii -
Hux ciuenux nanieadpurxamis, 32i0H0 Xapaxmepucmux
ons 0anozo ceemenmy npodyxuii. Beedenns 0o cxaady
peuenmyp m’aca KauKku ma m’saca npicnoeoonoi puou e
8NIUHYIIO He2AMUBHO HA MIKPOOioN02iuHy Oe3nexy Kom-
oinosanux eupoobis, uwo NidMeepoNHcYemvCsa NOKAIHUKAMU
KMA®AM ma siocymuicmio BIKII y 20mosiii npodyxuii.
3a KoMnaeKcoM NOKA3ZHUKIE 071 NO0ATLUL020 BUGHEHHS
obpanuii 3pazox No 2, axuil Micmue m’aco Kauxu ma m’aco
cpidascmozo xapacs.

Cnoayuenns pizHux 6udié CUpo8uUHU Pe2iOHANbHOZ0
NOX00MHCEHHS 8 Peyenmypi M’ ACO-MICMKUX NOCIUEHUX HA-
niepadpurxamie 003601s€ ompumamu npooyKm 3 6uUCo-
KUM 8Micmom He3aminnux aminoxucaom. Ciueni nanisgpa-
Opurxamu 3 KOMOIHYBAHHAM M’ACA KAUKU MA CPIOAACMO20
Kapacs maiomov 3HAUEHHA AMIHOKUCTIOMHO020 CKOPY, AKUL
3a emicmom mpeoniny, mpunmodany, eninananiny+mu-
PO3UHY, JetUyuny i i301elUUUnY nepesulye «emaioHHuil>
oinox i 3naxodumovca y mexcax 115,75-156,01 %.

Jiniou Mm’aco-micmixux xomoéinosanux naniepabdpu-
Kamie xapaxmepusyromscs 6uUcokoio 0i0n02iuHoI0 edek-
MUBHICMIO HCUPHO KUCTOMHO20 CKAA0Y 3A80SKU 6UCOKOMY
emicmy MHOKK ma ITHJKK, ma onmumanvtiomy cnigeio-
nowennto »-3 i w-6 ITHXKK (1:7)

Kntouosi cnosa: xomoinyseanns, npicnogoona puoa,
M’AC0 Kauxu, m’aco-micmruil naniepabpuxam, Qynxuio-
HAIbHO-MEXHOI02IMHI NOKA3HUKY
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1. Introduction

One of the most important issues that require solution
in the sector of meat industry is to improve the quality of
products under conditions of utilizing the raw materials
that are supplied for processing at constant changes in their
composition and properties [1]. Application of new, as well as
more extensive use of known types of raw materials, efficient
utilization of regional raw materials in the formulations of
meat and meat-containing products is an important task
aimed to achieve the high quality, nutrient and biological
value of products.

The promising types of the protein-containing raw ma-
terials of animal origin in Ukraine is the meat of waterfowl,
and freshwater fish, whose production in different regions of
Ukraine has been developing steadily [2, 3].

Rising prices for pork and beef, as well as the reduc-
tion of the production of these types of meat, predeter-
mine the relevance of the development of new types of
meat-containing foods based on the raw materials produced
locally, and maintaining the traditional indicators of func-
tional and technological indicators, specific to meat-con-
taining products with the use of traditional meat raw
materials. The application of raw materials alternative to




meat-containing products, produced in the regions, would
make it possible to obtain products of high biological
value with satisfactory functional-technological and con-
sumer indicators.

2. Literature review and problem statement

In recent years Ukraine has seen a reduction in the
number of cattle and pigs. On the other hand, the market
for poultry meat in 2017 increased. As of June 1, 2017, the
number of poultry of all kinds in Ukraine was thousand
goals [4]. Ukraine has at its disposal a huge area of water
reservoirs that are used for the cultivation of marketable
fish [5], which has the potential for the industrial fish pro-
duction to receive a sufficient volume of freshwater fish,
a source of valuable protein.

These factors create prospects for the new combined
products with a high content of valuable protein based on
a given raw material.

The mass fraction of protein in duck meat is somewhat
lower than that in other types of slaughter poultry. The con-
tent of protein in the chest muscles and shins of the duck is
20.8 and 19.6 %, respectively [6, 7], in chicken breasts and
thighs it ranges from 23.6 to 24.8 % and from 20.1 to 21.7 %,
respectively. In turkey meat, protein content in breasts and
thighs is 25.0 and 21.0 %, respectively [7, 8].

The percentage of lipids and the metabolism in oxidative
energy in duck meat is larger than that in the meat of land
birds. That affects the physical-chemical and sensory proper-
ties of manufactured products during storage [9].

Peking and musk duck meat is the source of EAA, espe-
cially lysine and methionine. Studying the fat acid compo-
sition (FAC) of different parts of carcasses of ducks showed
the presence of a high concentration of the monounsaturated
acid S18:1 — 26.89-40.24 % of the total content of fatty acids
and polyunsaturated fatty acids (PUFA) — arachidonic and
linoleic [10].

Fish is rich in high-quality proteins, PUFA, especially
(®)-3 and (®)-6, as well as micro elements. The proteins of
fish are more affordable source of protein than other pro-
teins [11]. This opens up prospects for the development of
freshwater aquaculture in the regions of Ukraine.

Paper [12] shows that the muscle tissue of crucian con-
tains 17.3—17.9 % of protein while the content of lipids is
3.31-5.93 %. Studying the amino acid composition revealed
that meat of the fish under consideration contains a full set of
essential amino acids (EAA).

Author of [13] found that the high content of linoleic
(®)-6 and linolenic (w)-3 fatty acids in the lipids of carp and
silver carp characterizes this fish as a raw material of high
biological effectiveness. The protein of carp and silver carp is
fully valuable and contains all EAA, however there are limits
to methionine+cystine and tryptophan.

At present, it is a relevant task to develop the combined
meat products that contain in their composition, along with
meat raw material, other kinds of raw materials of animal and
vegetable origin. To extend the range of products, scientists
have conducted studies into the feasibility of technologies for
full-fledged products [14—16] and foodstuffs with a preven-
tative effect that include the alternative raw materials [17].

These developments are aimed at expanding the use of
poultry meat in order to improve the biological effectiveness
and enhance the food functionality of products through the

introduction to the minced meat systems of the developed pro-
tein-containing and protein-fat formulations [14, 15], as well
as to strengthen their resistance to the spoilage of fats. There
are no studies regarding the products based on the combina-
tion of waterfowl meat and fish on defining their compatibility
in the composition of meat-containing products.

The combined products can satisfy human needs in
a balanced rational nutrition. Especially popular are the
multi-component meat-containing frozen semi-finished
products, with raw materials of local origin, which have
a longer shelf life.

Research into development of semi-finished products
based on waterfowl duck meat [18, 19], and using fish as
well [20—-22], has shown that in terms of their functionally-
technological and organoleptic characteristics these products
are not inferior to those traditional based on pork and beef.
However, a possibility for combining these raw materials of
regional origin in the formulation of semi-finished products
has not been investigated.

Thus, at present, the development of new combined
food products that contain in their composition local raw
materials, waterfowl meat and freshwater hydrobionts, is an
important task.

3. The aim and objectives of the study

The aim of this study is the scientific substantiation
of the possibility to combine the meat of freshwater fish
and the meat of duck of local origin in the composition of
meat-containing semi-finished products in order to improve
their functional and technological indicators and biological
efficiency while maintaining the qualitative organoleptic
characteristics of the traditional technology for meat-con-
taining minced semi-finished products.

To accomplish the aim, the following tasks have been set:

— to explore the impact of combining the meat of duck and
the meat of freshwater fish in the formulation of meat-con-
taining semi-finished products on the technological-func-
tional and organoleptic indicators;

— to run a comparative analysis of the functional-techno-
logical, organoleptic indicators, and to identify a possibility
to ensure microbiological stability of the meat-containing
semi-finished products based on the developed formulations;

— to analyze the biological value and biological efficiency
of the developed meat-containing semi-finished products.

4. Materials and methods to study a set of
indicators for the developed meat-containing
semi-finished products

To solve the set tasks, we chose «Home Cutlets» [19] as
the formulation for an analog to substantiate the possibility
of replacing the basic meat raw material with the alternative
raw materials of local origin in meat-containing products.

In the course of the study we used minced meat made
from Peking duck and freshwater fish, which was received by
separating the meat from bones and shredding it at a chopper
with a diameter of grid holes of 2—3 mm.

Variants of formulations are given in Table 1.

Materials and methods applied in the research into a set
of indicators for the developed meat-containing semi-fini-
shed products are described in detail in paper [23].



Table 1
Formulations of the examined samples
of semi-finished products
No. Ingredients Control | Sample 1 | Sample 2
1 Pork 30.5 - -
2 Beef 30.5 - -
3 White carp - 30.5 -
4 Silver Prussian carp - - 30.5
5 Duck meat - 30.5 30.5
6 Wheat bread 12.0 12.0 12.0
7 Breadcrumbs 4.0 4.0 4.0
8 Onion 1.5 1.5 1.5
9 Ground pepper 0.06 0.06 0.06
10 | Eggs 2.0 2.0 2.0
11 Salt 1.2 1.2 1.2
12 Water 18.3 18.3 18.3
Total 100 100 100

5. Results of studying a set of indicators for the
developed meat-containing semi-finished products

In the process of research, we studied the functional-tech-
nological parameters of model minced meat of semi-finished
products containing the meat of duck and freshwater fish.
The results obtained are given in Table 2.

The results given in Table 2 show that the formulation for
the meat-containing semi-finished product in sample 2 has
the best functional-technological indicators. Moisture con-
tent in sample 2 is at the level of 82.42+1.16 %, which is 16 %
higher compared to control sample and 13.17 % higher in
comparison with sample 1 containing the meat of silver carp.

The values of MBA, (moisture-binding ability) for minced
meat, in order to ensure high-quality for semi-finished pro-
ducts, must reach the level of 85 %. The data in Table 2
indicate that the largest values of MBA, and MRA (moisture-
resistant ability) were demonstrated by the minced meat in
meat-containing semi-finished products of formulation 2 con-
taining the minced meat of silver Prussian carp.

Analysis of results confirms that the combination of duck
meat and freshwater fish meat in formulations improves indi-
cators of MBA,, MRA and SE.

Table 2

Functional-technological properties of the examined
samples of minced meat

Minced meat samples
Indicators
Control Sample 1 Sample 2
Moisture content, % | 71.04+0.80 | 72.83+0.57 | 82.42+1.16
MBA,, % 69.41+0.90 | 70.43+£0.50 | 81.54+0.16
MRA, % 63.06+0.00 | 62.85+0.00 | 76.47+0.05
EA % 97.00+1.41 | 98.00+0.00 | 98.00+0.00
SE, % 63.43+3.11 | 67.03+£0.51 | 69.49+2.56

Fig. 1 shows a profilogram of the organoleptic estimation
of the prepared cutlets, Fig. 2 shows the samples of cutlets
for tasting.
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Fig. 1. Profilogram of quality estimation of
the examined samples of meat-containing minced
semi-finished products

T
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Fig. 2. Examined samples of cutlets

In terms of organoleptic estimation, the developed meat-
containing minced semi-finished products are inferior to con-
trol sample only in color.

Combining the non-traditional raw materials in minced
semi-finished products poses the risk of microbiological
spoilage, which is why we investigated the microbiological
safety of ready meat-containing minced semi-finished pro-
ducts with the results given in Table 3.

Table 3

Microbiological indicators for the developed minced
semi-finished products

Samples of products
Indicators
Control | Sample 1 | Sample 2
NMAFAM, CFU /g, not larger 1.7-102 4.1-102 3.4-102
Not Not Not
BGEC per 0.001 ¢ detected | detected | detected

Table 3 shows that in the samples of cutlets containing
duck meat and freshwater fish meat, the quantity of me-
sophilic aerobic and facultative anaerobic microorganisms
(NMAFAM) is higher than that in control, and the va-
lues of these parameters do not exceed the norm, which is
1.0-10° [24]. Examination of the number of bacteria from
Escherichia coli group did not reveal any specified micro-or-
ganisms in any of the samples.

Data on the biological value based on EAA value and
on the biological efficiency based on FAC of the model
meat-containing semi-finished products containing the meat
of duck and the meat of silver Prussian carp are given in
Tables 4, 5.

The research conducted into EAA of the minced meat-
containing semi-finished products of formulation 2 made it



possible to identify all EAA. Data from the Table indicate
that in terms of EAA the high content is demonstrated by
leucine, phenylalanine+tyrosine, and threonine. Evaluation
of the quality of protein based on the amino acid score (AS)
showed that the sulfur-containing amino acid methionine,
whose content is 0.08 g per 100 g of product, proved to be
limiting. AS of methionine was 22.37 %. This indicator for
other amino acids ranged from 102.7 for valine to 156.01 %
for threonine. In addition, AS for tryptophan was 145.95 %,
meaning that these minced semi-finished products can be
considered a source of this EAA.

Table 4
Results of studying the biological value of proteins
in meat-containing semi-finished products containing
the meat of duck and silver Prussian carp

. Reference Concentra— Amino acid
No. Title (FAO,WHO) | Hom 8/1008 17 e o
of product
Essential amino acids
1 | Valine 5.0 1.02 102.7
2 | Methionine 1.8 0.08 22.37
3 | Isoleucine 4.0 0.92 115.75
4 | Leucine 7.0 1.61 115.75
5 E&?ﬁ;?@sme 6.0 1.56 130.85
Lysine 5.5 1.14 104.31
Threonine 4.0 1.24 156.01
Tryptophan 1.0 0.29 145.95
Table 5

Results of studying the fat acid composition
of meat-containing semi-finished products containing
the meat of duck and silver Prussian carp

Title | Concentration, g/100 g of product
Saturated fatty acids (SFA)
Lauric acid (C 12:0) 0.16
Myristic acid (C14:0) 1.46
Pentadecanoic acid (C15:0) 0.34
Palmitic acid (C16:0) 21.93
Margarine acid (C17:0) 0.29
Stearic acid (C18:0) 5.36
Arachnid acid (C20:0) 0.75
Lignoceric acid (C24:0) 0.83
Total SFA 31.12
Monounsaturated fatty acids (MUFA)

Myristoleic acid (C14:1) 0.17
Palmitoleic acid (C16:1) 5.21
Oleic acid (C18:1) trans 0.42
Oleic acid (C18:1) cis 38.97
Total MUFA 44.77

Polyunsaturated fatty acids (PUFA)
Linoleic acid (C18:2) 18.39
o-Linolenic acid (C18:3) 2.66
Arachidonic acid (C20:4) 0.89
Docosodienoic acid (C22:2) 0.22
Total PUFA 22.16

An analysis of FAC in the meat-containing semi-finished
product of formulation 2 confirms that a given formulation’s
concentration of the cis-isomer of oleic acid in cutlets is at
the level of 38.97 g/100 g of fat. The total amount of PUFA is
22.16 g/100 g of fat; we also observed a high content of lino-
leic acid (18.39 g/100 g), which belongs to the family of ®-6.

6. Discussion of results of studying a set of indicators for
the developed meat-containing semi-finished products

According to the acquired data, the level of mass share of
moisture in the examined samples was within 71.04-82.42 %
and depended on the composition of the formulation. The
least amount of moisture was demonstrated by the «Home-
made cutlets» with pork and beef (control) and cutlets with
the meat of duck and the meat of silver carp in equal propor-
tions. Sample 2, a formulation composition with the meat of
duck and silver Prussian carp (1:1), had a 10-% larger value.

The respective trend is demonstrated by such indicators
as MBA, and MRA. This is predetermined by the presence
in the meat of fish of myofibrillar proteins in the amount
of 75 to 80 % of the total protein content. These salt-
soluble proteins are characterized by high biological value
and high MBA,. The high content, compared to the meat of
slaughtered animal, of the salt-soluble proteins explains the
slight loss of moisture during thermal processing of products
with the meat of fish, as well as causes high juiciness and the
yield of finished products [25-29].

To obtain the finished products of high quality from the
multicomponent polydisperse systems, the values of EA and
SE are important. The study shows that the model minced
meat has high values of EA and SE, which makes it possible
to form a protein matrix that ensures the introduction of fat
to its structure, thereby obtaining a stable fat emulsion in
water. In this case, at high values of EA for all formulations,
the best values of EA were demonstrated by formulation 3.
Combining the meat of duck and the meat of silver Prussian
carp made it possible to improve the stability of minced-meat
emulsion by 9.55 %. This is predetermined by the formation
of a more stable framework to stabilize the fatty phase at the
expense of water- and salt-soluble proteins in the meat of fish,
whose content in the meat of silver carp is 19.5 g/100 g, and
in the meat of silver Prussian carp is 17.3-17.78 % [12]. The
results of organoleptic assessment of meat-containing minced
semi-finished products showed that the examined samples of
cutlets are not inferior to conventional ones in terms of the
overall combined estimation, which was 4.58—4.62 points.

An indispensable part of the comprehensive assessment
of quality and safety of food products is determining the mic-
robiological indicators. To verify compliance of the minced
meat-containing semi-finished products containing the meat
of duck and fish with the requirements of the standard, all
samples were investigated for NMAFAM and BGEC. Results
of examining the microbiological indicators of the developed
semi-finished products containing the meat of duck and fish,
which is unstable in terms of sanitary-hygienic safety [30],
meet the regulatory standard, thereby confirming their micro-
biological safety.

The amino acid composition of the minced semi-finished
product containing the meat of duck and silver Prussian carp
testifies to that a given product is a valuable source of all EAA,
except for methionine. The semi-finished product contains
a significant proportion of leucine, which prevents the de-



struction of muscle protein and tryptophan, which regulates
the functions of the endocrine system, prevents anemia, regu-
lates blood pressure, enables the synthesis of hemoglobin [31].

FAC of meat-containing minced semi-finished product is
represented, mainly, by palmitic (21.93 %), stearic (5.36 %)
and myristic (1.46 %) acids, the unsaturated — by oleic
(38.97 %), linoleic (18.39 %), a-linolenic (2.66 %), arachi-
donic and docosodienic acids. The high content of PUFA
poses the risk of the development of oxidizing processes in
a product during storage. To prevent the oxidizing of fats,
they use natural antioxidants, such as rosemary extract, grape
seed extract, and other compositions [32]. It was experimen-
tally established that in the lipids of meat-containing semi-
finished products containing the meat of duck and silver Prus-
sian carp the level of MUFA is 44.77 %, PUFA — 22.16 %, sat-
urated — 31.12 %. The biological efficacy of lipids in food pro-
ducts is characterized not only by the number of MUFA and
PUFA, but also by the ratio of ®-3 and ®-6 of PUFA, which,
based on the recommended norms [33], must be from 1:4 to
1:10. It was established experimentally that the meat-contai-
ning minced semi-finished product demonstrated that the spe-
cified ratio was 1:7 due to the introduction to the formulation
of duck meat and freshwater fish meat, which are distinguished
by the high content of PUFA. The content of ®-3 and ®-6 of
PUFA per 100 g of the prepared semi-finished product satisfies
the daily human need [34] by 100 % and larger.

7. Conclusions

1. It was established that by combining the meat of Bei-
jing duck and meat of freshwater fish, specifically the meat
of frozen silver Prussian carp, in the composition of frozen
minced meat-containing semi-finished products, it is pos-
sible to produce products of a full nutritional value with high
quality indicators.

2. Based on the analysis of functional- technological and
organoleptic parameters, we confirmed the possibility of
improving the functional-technological indicators of model
minced meat for semi-finished products: MBA, — to 81.54 %,
MRA - to 76.47 %, EA — to 98.0 %, SE — to 69.49 %. The
developed semi-finished products with a combined composi-
tion demonstrate high organoleptic indicators and are safe in
terms of microbiological indicators.

3. We have substantiated the technology and presented
data on the qualitative and quantitative composition of the
new meat-containing products and confirmed their high bio-
logical value in terms of the content of essential amino acids,
as well as their biological effectiveness in terms of the content
of fatty acids from the -6 and ®-3 family. That confirmed
the possibility to combine the local aquaculture sources,
meat of waterfowl, with traditional types of meat and vege-
table raw materials to enhance the biological efficiency of
meat-containing semi-finished products.
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