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DEVELOPMENT OF THE TECHNOLOGY
OF MUSHROOM SAUCE WITH
FUNCTIONAL INGREDIENTS

O6’ckmom docrioacens € epubni nopowku 3 neuepuup (Agaricus campestris), petiwi (Ganoderma lucidum),
wuimaxe (Lentinula edodes) ma coycu zpubni 3 szyuysauem.

B Ykpaini ece Ginvuwe 3pocmae piseis CRONCUBAHHS KYIbMUBOGAHUX 2pudie, a came neuepuub, wuimaxe ma
petiwi, npo ye ceiduamy i 3pocmarodi 0ocsazu BUPoOUYeanis oanux zpudie ykpaincokumu zocnodapcmeamu. O0-
HAK Y HAYKOGI Jimepamypi 1HedoCmamiuvo GUCEIMACHE NUMAHN eDEeKMUBHUX MEXHOL0ZIT OMPUMAIHS 2PUOHUX
NOPOWKONOOIbHUX HaNi6padpuKamie ma 20moeoi nPooyKuii 3 HUX ONLL XAPUOBUX SUPOOHUYME.

Buxopucmanns 2pubnux nopowxie 3 wuimaxe, petiui ma neuepuyp 0L NPUZOmyeanis coycié 2pubHux npu-
3600umv 00 30inbWeNnHA KIIbKOCTT HEe3AMIHHUX aMIHOKUCIOM, eimaminie epynu B, PP, excmpaxmugnux peuoeu
y 20mogitl npodyxuyii. Bruacaiook yvozo nidsuwyemocs 6ionoziuna UinHicmv, NOKPAUWYIOMbC 0P2ANOLeNMUHI
noxasnuku sxocmi zpubnux coycie. ILle doszsoiumv nidsuwumu nONYIAPHicMsd COYcie pubHUX ceped CYUACHUX
CRONCUBAUTB NPOOYKYLL 3aK1adie Pecmopamniozo 20cnodapcmasd.

B x00i docridacenv npoananizosano acopmumenm coycroi npodyxuii nidsuwenoi dionoziunoi yinnocmi ma cne-
uuiry izionoziunozo enausy pudie wuimaxe, petiui ma newepuiyp na opzanizm aodunu. Pospobreno nayxoso-ooy-
MOBICHY MEXHOJL02110 COYCY 2pubH020 Ni0sULLeH0T GI0021uH0T UiHHOCTMI 3 PYHKUIOHAIHUMU THZpeOieHmami — 2pUOHUMU
nopowKamu 3 newepulp, petiui, ma wuimaxe. IIposedeno onmumisauiio peyenmypu H0BOCMBOPENH020 NPOOYKMY Mma
3anpPoONOHOBAHO ONMUMALLHUT PEUenmypHULl CKIA0 Coycy ZpubH020 3 ePUOHUMU NOPOUKAMU 3 CNIBEIOHOUEHHIM
2pubHUX NOPOWKIE Y peyenmypromy ckaadi ax 1:1:2 (wuimaxe:petiwu:neuepuyi). [ociioxnceno cmpyxmypHo-mexanii-
Hi 6AACMUBOCNE THHOBAUITIHOZO COYCY MA NOPIGHANO iX 3 KOHMPOILHUM 3PASKOM COYCY Zpubi020, NPUZOMOoBLeH020
3a mpaduyitinoro mexnonoziero. Tax npu weudxocmi scysy 200 ¢~ 6’a3kicmv po3pobrenozo coycy cmanosumy —
0,38 Ia-c, modi six 6’a3xicmo coycy zpubmnozo npuzomosienozo 3a mpaduuitnoio mexuonoziero — 0,3 Ila-c.

Bcemarnosneno, wo coyc 2pubnuil 3 2pubnuMiu NOPOWKAMU MAE BUCOKY OI0N02iUNY UIHHICTID, ONMUMATLLHL PEO-
J02IYHI Ma OP2aHOIEeNMUUHL NOKASHUKYU SKOCMI.

Pospobrenuii coyc 3 epubnumu nopowrami 0acmsv MONCAUBICMb POSUUPUMU ACOPMUMEHTN COYCHOT NPOOYKYii
nideuwenoi 6i0102iunoi yinHOCmi 1Ha POCIUHNIT CUPOBUNT 1L 3AKIA0I8 PECOPaliozo 20cnodapcmea. Bnposadcen-
1S THHOBAUITHOT MEeXHOL02ii 3HAUHO 3A0UAOUMD YAC BUPOOHULMEA COYCIE BACHO20 BUZOMOBLCHI MA (DIHANCOB]
sumpamu, OCKiIbKU po3podiena mexnonozis nepeddauac 6uz20mosieH1s 2PUOHUX NOPOUKIE 3 HEKOHOUUILHOT
2pubnoi cuposumu.

Kmouosi cnosa: 2pubnuii nopowox, Kyavmueoeai epubi, mexmnonozis coycy pubnozo, Qynkuionaivii inzpedi-
enmu, OunaMiuna 6’ 3Kicma.

Kublinskaya I.

2. The ohject of research
and its technological audit

1. Introduction

According to the scientific research of the structure

of the food ration of the population of Ukraine, it is es-
tablished that for the most part of the Ukrainian one is
characterized by an unbalanced, polyinsufficient diet. Most
diets are carbohydrate-fat components, as well as foods
that contain nutritional supplements. This negatively affects
human health, causes a number of nutritional diseases,
can have a carcinogenic effect [1].

Obtaining products of increased nutritional and biological
value with specified parameters is an important stage in the
creation of innovative food products of healthy and balanced
nutrition for modern restaurants. Sauces better allow to
enrich the human diet with functional, useful ingredients.

Therefore, the development of scientifically-determined
technologies for production of sauces with functional in-
gredients, namely with shiitake mushroom powders, reishi
and champignons, as well as researching the technological
properties of innovative products is urgent.

The object of research is a sauce with mushroom powders
of champignons (Agaricus campestris), reishi (Ganoderma
lucidum) and shiitake (Lentinula edodes).

The subject of research is the rheological properties
of mushroom sauces.

Solving the problem of expanding the range of sauces
with increased biological value and optimizing their for-
mulations is impossible without examining the rheological
properties of the newly created product. And also the
comparison of the obtained data with the control sample of
the sauce, prepared according to the traditional technology.

The conduct of technological audit is aimed at defining
the following tasks:

— expansion of assortment of sauce products of in-

creased biological value for restaurants in the restau-

rant industry by obtaining products with the specified
composition and consistency;
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— obtaining data on the viscosity of the newly created
product for the rational dosing of mushroom powders
and thickeners;

— optimization of technological processes for the pro-
duction of mushroom sauce with mushroom powders
in order to obtain a product with specified rheological
properties.

3. The aim and ohjectives of research

The aim of research is development of scientifically-
determined technology for production of a mushroom high-
biological value sauce with mushroom powders of cham-
pignons (Agaricus campestris), reishi (Ganoderma lucidum)
and shiitake (Lentinula edodes) with predicted chemical
composition and structural and mechanical properties.

To achieve this aim, it is necessary to perform the
following tasks:

1. Analyze the assortment of sauce products of increased
biological value for restaurants.

2. Propose the technology of production of sauce pro-
ducts from a given consistency and physicochemical quality
indicators, namely, to develop a recipe and technology
for the production of the «Mushroom Extra» sauce with
mushroom powders.

3. Analyze the structural and mechanical properties of
the innovative product for the purpose of further rational
use in the technology of sauces for restaurants.

4. Research of existing solutions
of the prohlem

Consumption of sauce products by the population of
Ukraine every year becomes more and more popular, as
evidenced by statistical data [2]. After all, sauces in modern
restaurant business have become an integral part of not
only hot dishes, but also snacks (both cold and hot), sweet
dishes, desserts. Analysis of the market for consumption of
restaurants in the restaurant industry allows to conclude
that sauces are not only an integral part of a delicious
meal, but also an additional source of biologically valu-
able substances. Sauces can reduce the nutrient deficiency
necessary for the normal functioning of the human body.

The production of sauces based on champignons mush-
room powder (Agaricus campestris), Reishi (Ganoderma
lucidum) and shiitake (Lentinula edodes) is promising.
After all, mushroom sauces are perfectly combined with
both appetizers and basic vegetable and meat dishes.

Champignons, shiitake and reishi contain a whole com-
plex of essential nutrients, such as essential amino acids,
vitamins, flavonoids. The physiological and therapeutic effect
of champignon mushrooms, shiitake and reishi as powerful
immunostimulants and antioxidants has been proved by
a number of scientists [3]. The chemical composition and
physiological effect of shiitake and reishi mushroom on the
human body, as well as the specificity of their cultivation,
were studied in [4, 5]. The authors proposed the use of
cultivated shiitake mushrooms, reishi, flamulins and others,
as functional food products. The most important biologi-
cally active substances of cultivated mushroom have been
analyzed [6], but the lack of labor is the lack of data on
the biosafety of biologically active substances characte-
ristic of cultivated mushroom. The rational consumption of
cultivated mushrooms is justified, which will have a thera-

peutic effect on the human body [7] and the analysis of
the positive effect on the human body of food additives
from cultivated mashrooms [8], however, the authors do
not cite technological aspects of the production of culinary
products from cultivated mushrooms.

Separate aspects of the production of powdered mush-
room semi-finished products are investigated [9], drafts
of technical conditions and technological instructions are
given: «Powdered semi-finished product made from mush-
rooms», «Dry mixtures. Fast food instant sauces». The
composition of these sauces includes heat-treated semi-
finished mushroom concentrate from oyster mushrooms.
It is proved that the use of powder semi-finished product
greatly simplifies the technological process in 6...23 times
the duration of the process of preparation of finished pro-
ducts is reduced.

The technology of obtaining a mushroom powder semi-
finished product is substantiated and its structural-me-
chanical properties are investigated [10], however, the
high cost of equipment for the production of powder semi-
finished products is a limitation of the introduction of
the proposed methods into practice.

A technology is proposed for the use of mushroom
powders from porcini and wild mushrooms in the pro-
duction of restaurant facilities [11], but the author does
not consider the possibility of using fungal powders from
cultivated mushrooms.

The technology of meat products with the addition of
mushroom powders [12] has been developed and scientifically
substantiated and a positive effect on the organoleptic and
technological properties of meat sausages with the addition
of a mushroom powder from flammulina (winter mushroom)
has been proved. The use of the proposed technologies is
limited in the restaurant industry, since these technologies
are developed for the meat processing industry.

The technology of sauces of increased biological value
with the addition of fruit and berry raw materials for
institutions of the restaurant economy was proposed and
their structural-mechanical as well as organoleptic quality
indicators were investigated [13]. However, the issues of
scientifically-conditioned development of technology for
producing sauces of increased biological value with mush-
room powders from shiitake, reishi and champignons are
not reflected in the literature. There are no data on the
structural and mechanical properties of mushroom sauces
with a thickener.

It is known that changes in the formulation of traditional
mushroom sauces should lead to a change in their struc-
tural and mechanical properties. Therefore, in the process of
developing the technology for the production of mushroom
sauce with mushroom powders, it is necessary to take into
account the ratio of the liquid portion of the sauce and the
solid particles of mushrooms and fillers. This will make it
possible to obtain an innovative sauce with quality indica-
tors close to the control sample. After all, the production of
food products of the established structure and consistency,
ultimately, determines the quality of culinary products, their
consumer characteristics, as well as the specificity of trans-
portation and storage of finished products.

5. Methods of research

Experimental studies of the rheological characteristics
of the «Mushroom Extra» sauce with mushroom powders
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and the «Mushroom Sauce» prepared according to the
traditional technology according to the recipe No. 868 of
the Recipe for Foods and Culinary Products [14] were
determined according to ISO 9001:2008. A constant-vol-
tage viscosimeter BITH-0,2M (USSR) was used. And also
using the technique described in [15]. The study was
carried out in triplicate. Research results were processed
using the methods of mathematical statistics. The error
was determined with a confidence probability of P=95 %.
Optimization of the sauce recipe was carried out by the
method of full-factorial experiment according to the given
criteria according to the compiled matrix of the rotatable
central composite uniform design (RCCUD) by means of
a computer, the function «Find solutions» of MS Excel,
Statistica and MachCad software.

Each experiment was conducted three times. The mean
values for each of the experiments were calculated by
the formula:

— 1
Yi:%quY;’ (1)

where & — the number of parallel experiments (k=3); ¥; —
measurement results.

In natural and coded values, the RCCUD matrix is
presented in Table 2.

Table 2

RCCUD matrix of the active experiment on the study of the dependence
of the viscosity variation of model compositions on the number
of introduced prescription components

6. Research results Natural values of factors Coded values of factors
Y2
. Lo . No. X | X | X5 | Xy | X
The development of scientifically-determined technology il M N N N N M M B B
for production of mushroom sauce with increased biological tj1wof1 |1 |20)30-1]-1|-1|-1] 1] 088
value with Ipushrqorp powders of cha}mpignons (Agari— s leml 1l 1 laol s el laalala] 113
cus campestris), reishi (Ganoderma lucidum) and shiitake
(Lentinula edodes) was preceded by the optimization of s|wjwjrjea0jsy)-1)1 111107
recipes for food sauces with mushroom powders. 460101 2030011 |=1]=1]1] 109
As input variables of the formula of the mushroom
. . . 5 10 1 1020 5 | -1 (-1 1 (-1]-1| 114
sauce of increased nutritional value, the following values
were used: 6 (601 (1020 (30} 1 (-1( 1 (-1} 1 1.44
x1 — the amount of champignon mushroom powder 7 lwlwolwlaolzolaal t 11l 1] 173
added to the sauce;
Xy — the amount of shiitake mushroom powder; 8 (60|10 41020 51} 1] 1 -1]-1]170
x3 — the amount of reishi powder; g |10 1 1180l 5 1=11=11=1]11=11 180
% — the amount of flour; 10|60 |1 |1|60|s|1|-1|-1|1]|1]179
x1 — the amount of WPC (whey protein concentrate), B :
as the thickener of the sauce. 11 (10|10 | 1 |60|30)-1| 1 |-1| 1| 1| 153
The 1n1t1‘a1 optimization parameter was the structur.al 2leolwol 1 leolzol 111112 1m
and mechanical properties of the developed sauce — vis-
cosity at a shear rate of 50 s~ 13101 10|60} 5|1 )-1]1]1)]1])12
According to the general theory of conducting expe- 14leol 1 l1woleolzob1l=1l1]1]=1]19:
rimental studies, the full-factor experiment was used to
determine the coefficients. It was considered expedient to 5|wwjwjw0)eO0) S]]t -1)158
establish the following limits of change in input values: 16|60 |10[10|60| 5| 1|1 |1]1]1]20
17 | 5 2 2 |40 |30})-2| 0 0 0 0 0.85
10<2,<60, 1<x,<10, 1<x3<10, 20<x4<60, 5<x5<30.
18 | 65| 2 2 |40 |15 ] 2 0 0 0 0 1.47
The full-factor experiment was carried out according |19 |30 | o | 2 40|15 0| 2| 0| o | o | 142
to the conditions given in Table 1.
20 1 30 | 11 2 14015 0 2 0 0 0 1.51
Table1 | 511302 |0 |40|15| 0|0 |-2|0| 0| 148
Planning of experiment to study the structural and mechanical
characteristics of mushroom sauces (viscosity) 22 130 | 2 |11 |40 |15} O 0 2 0 0 1.51
The limits of variation of 25130 2 2151510 0 0]=2]0 1.38
planning conditions the main factors 24 | 30 | 2 2170115 0 0 0 2 0 1.87
alm|n| | x 25 |30 2|2 |4|loflo|oflo|o]|-2]15
Basic level (0) 30| 2| 2|40 15 6|30 2|2 |40 )30 )0 j0j0)2) 14
interval 5 1 1 10 5 27 | 30 | 2 2 140115 0 0 0 0 0 1.53
28 130 | 2 2 140115 0 0 0 0 0 1.53
The upper level (1) 60 | 10 | 10 | 60 | 30
29 130 | 2 2 14015 0 0 0 0 0 1.53
The lower level (-1) 10 1 1 20 | 5
30 | 30 | 2 2 |40 |15] O 0 0 0 0 1.53
The upper arm of the «star point> (+2.0) | 65 | 11 | 11 | 70 | 35 21 | 30| 2 o lanl 15| o 0 0 0 0 153
The lower arm of the «star point> (-2.0) | 5 0 0 |60| O 22 | 30 | 2 2 l40l15l 0ol ol o)l ol o 153
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The dispersion of each parallel experiment was deter-
mined by the formula:

(Y, =Y 2)

The dispersion of reproduction was determined by the
formula:

SZ(Y)=%ZSE. (3)

To describe the response function of the optimization
of the sauce formulation with the mushroom powders,
a second-order polynomial was used:

k k k
Y:bo +Zbixi+zbijxixj+zbiixi2y (4)
i=1

i=1 i#l
where by, b;, b;, b; — regression coefficients of the equation;
x; — factors of experiment; & — the number of factors in
experiment (k=5).

The significance of the coefficients of the obtained re-
gression equations (4) was checked according to Student’s
t-criterion. The coefficients were considered to be statically
significant provided that b, >tS(b;), where the ¢-criterion
selected from the table of critical values of Student’s
t-criteria for significance level 0.05 and degrees of free-
dom f;, S(b) — the error of the coefficients by, b;, by, b;.

The regression equation was also tested for adequacy
with Fisher’s F-test for degrees of freedom f; and f,, is
equal to significance level 0=0.05.

The response function, which reflects the dependence
of the sauce viscosity on its formulation composition, ac-
cording to the results of the experiment planning in the
coded values of the variable factors, has the form (5):

Y =0.488+0.083x; +0.02x, —0.12x3 +
+0.016x3 —0.0004x, +0.043x5, ()

R*=0.96.

Thus, the process of modeling and optimizing the for-
mulation of a mushroom sauce with mushroom powders
according to specified structural and mechanical criteria
allowed to obtain the optimal composition represented as
a ratio of components to the total content of solids in
the balance equation (6):

0.0275x1+0.0135x2+0.0 13+
+0.019x4+0.0164x5=100. (6)

Based on these calculations, a recipe was prepared for
the mushroom sauce with mushroom powders of cham-
pignons, reishi and shiitake, which is presented in Table 3.

The technological process of production of the «Mush-
room Extra» sauce is carried out in the following sequence:

Stage 1. Preparation of semi-finished mushroom powders:
mushrooms (champignons, reishi and shiitake) are sorted,
cleaned, washed, dried at a temperature of +20...+24 °C for
15..25-60 s. Then the mushrooms are mixed in a ratio of
2:1:1 (champignons, reishi, shiitake, respectively), cut into

slices 3—4 mm thick. Shredded mushrooms are lined on
perforated sheets and dried in drying cabinets (dryers) at
a temperature of +35...+45+5 °C and moderate convection,
alternately including heating (to 45 °C) and convection
without heating (to reduce the temperature to 35 °C and
removal of moisture from the drying chamber). Duration
of drying is 6—8 hours. The resulting dried mushrooms
are cooled to a temperature of 20...+24 °C, ground using
a laboratory mill or a coffee grinder to the particle size
of the ground mushroom powder of 0.05-0.002 mm. Sift
through a sieve with a section of holes of 0.0025 mm? for
the removal of unmilled residues [16].

Stage 2. Preparation of a suspension from mushroom
powders and whey protein concentrate: the fungal semi-
finished product from mushroom powders is mixed with
a whey protein concentrate in a 1:1 ratio and soaked in
cold boiled water (¢=15 °C). Leave for swelling at 2..3-60 s.

Stage 3. «<Roux» — preparation the butter is melted in
a sauté pan on a small fire, add the sifted flour. Passed
at a temperature of +120..+130 °C until the appearance
of a golden hue and a delicate nutty flavor.

Stage 4. Preparation by vegetable sautéing: onion is
cleaned, washed, cutted into small cubes, save on a mixture
of butter and butter until the appearance of golden color.

Stage 5. Preparation of sauce: In a boiling mushroom broth
or water, add a suspension of mushroom powders and WPC,
boil for 10-60 seconds with slow boiling. Then enter «Ru»,
mix, cook until the desired consistency (t=(20-25)-60 s),
strain, bring to a boil, add salt, white ground pepper (if
desired), and oil, to avoid the appearance of crust on the
surface of the sauce.

The technological scheme of production of mushroom
sauce with mushroom powders is shown in Fig. 1.

Table 3

Recipe composition of mushroom sauce with
mushroom powders

Net weight of raw materials, g
Raw material Contral* Mushroom
«Mushroom sauce»
rec. No 868 extra»
Dried porcini 40.0 -
Champignon mushroom powder - 10.0
Shiitake mushroom powder - 5.0
Reishi mushroom powder - 5.0
Concentrate of whey proteins KSB-80 - 20.0
Wheat flour 38.0 20.0
Bulb onions 300.0 200.0
Butter 60.0 50.0
0il 10.0 8.0
Water 860.0 800.0
Salt 8.0 8.0
White pepper powder 0.5 0.5
Yield 1000
Note: * — the recipe of mushroom sauce No. 868 of the Collection

of recipes of dishes and culinary products is used for the control
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Oil, Buld Water or mushroom Mushroom powders of cham- KSB-80 Wheat
butter onions broth (liquid base) pignons, reishi, shiitake flour
¥ v v v v
Mechanical culi- Boiling ‘ Mechanical cooking (sifting) ‘
nary processing v I
l t=+120 °C,
Sautei — 5.8
t:f?zi)ulgc, p4 > Infusion T=5-8:60s
= . = 1072
t=10-12-60s Cooking 1=42-10"s
=+120°C, 7=20-30 - 60's }
v
Ageing
t=15-20-60s
v
Wiping,straining
Boiling
> pepper -—

Ready-made sauce «Mushroom extra»

Fig. 1. Technological scheme of production of mushroom sauce with mushroom powders of champignons (Agaricus campestris),
reishi (Ganoderma lucidum) and shiitake (Lentinula edodes)

One of the most important characteristics of the struc-
tural and mechanical properties of finished culinary pro-
ducts, including sauces, is viscosity. Viscosity is the abi-
lity of the body to create resistance when moving it one
layer relative to others. When the fluid moves, some of
its layers move relative to the others and at the same
time an internal inhibitory force occurs between them,
which is the force of internal friction and is determined
by Newton’s law:

do

F=-ns-, (2)

where n — the coefficient of internal friction, or absolute
viscosity; s — area of contact of two layers, on which the
force acts, m?; do/dl — velocity gradient per unit distance
between two layers of liquid, 1/s.

Structural and mechanical properties of sauces are char-
acterized by dynamic (effective) and kinematic viscosity.

According to experimental data, the dynamic viscosity
of the «Mushroom Extra» sauce at a shear rate of 100 s~
is 0.57 Pa-s. Whereas the viscosity of the mushroom sauce
(control), prepared according to the traditional formula-
tion, at a shear rate of 100 s ! is 0.42 Pa-s. Thus, the
«Mushroom Extras sauce has a thick, more elastic consis-
tency, which affects the improved organoleptic properties
compared to the control.

Graphically, the dependence of the dynamic viscosity
on the shear rate of the «Mushroom Extra» sauce and
the mushroom sauce prepared according to the traditional
recipe is shown in Fig. 2.

The adequacy of the dependence obtained in Fig. 2
was verified with the help of the Fisher criterion. The
value of the coefficient of determination of the logarithmic

regression = 0.93, according to the data of the dependence
it follows that 93 % of the variations in the values of the
dynamic viscosity of the mushroom sauces are explained
by the magnitude of the shear rate, and the remaining
7 % is due to the influence of extraneous factors.

1.8
n
1.6

Pa-s
A

14

1.2

1
\,\\
038 \\ 0.3911n(x) + 24484
y =i—U. X
06 N — R2=0.9203
*
o |y = 02800 - L7FN,\<‘\\
- R?=09386 —
02
158!
0
0 20 40 60 80 100 120 140 160 180 200
@ Control 4 Mushroom extra

Fig. 2. The dependence of the dynamic viscosity of mushroom sauces
on the shear rate

Analysis of the flow curves of the viscosity variation of
the mushroom sauces on the shear rate proves that with
an increase in the shear rate of the mushroom sauces,
the dynamic viscosity decreases and gradually approaches
a certain limit. Thus, at a shear rate of 200 s~!, the dynamic
viscosity for the «Mushroom Extra» sauce is 0.38 Pa-s,
for a mushroom sauce prepared according to conventional
technology, 0.3 Pa-s. This is due to the fact that the mo-
lecules of polysaccharides and protein sauces are partially
destroyed, straightened and have less hydrodynamic re-
sistance to fluid movement of the system. Structural and

;32
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mechanical changes in the «Mushroom Extra» sauce are
similar to the control sample, however, the viscosity of this
sauce is higher. This is due to improved wet content due
to the increase in the protein component of this sauce, as
well as the introduction of whey protein concentrate into
the formulation. The dependence of the shear stress, (Pa)
on the shear rate (s™!) of the sauces under investigation
looks as follows, Fig. 3.

75 4% Pa
y £-0.0004%2 + (.3272x +[23.6
65 RF=0/9929
VT a—
"
55 P
A |-
45 ] —F
7 o
35 A oy = 0000352 + 0}25x 191417
Pz R2E0.9939
25 P A/
P
15
s
5

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
—o—Control —#—Mushroom extra

Fig. 3. Dependence of shear stress on shear rate of mushroom sauces.
(«Control» — mushroom sauce according to the traditional recipe,
«Mushroom extra» — sauce with mushroom powders)

The value of the coefficient of determination of the
polynomial regression=0.99, according to the data of
the dependence it follows that 99 % of the variations
in the values of the shear stress of the mushroom sauces
are explained by the magnitude of the shear rate, and
the remaining 1 % is due to the influence of extrane-
ous factors.

Analyzing the data of the dependence of the shear
stress on the shear rate of the mushroom sauces, it can
be concluded that when the shear rate increases, the shear
stress increases moderately. In order to break down the
structure of the prototypes, a small shear stress is re-
quired: at a shear rate of 100 s! ©= 42 Pa for a mushroom
sauce prepared according to traditional technology, and for
a «Mushroom extra» sauce, T= 55 Pa. This allows to con-
clude that the rheological properties of the mushroom
sauce with mushroom powders are similar to the control
sample. However, the sauce has better viscosity and strength
of the structure, and therefore it is recommended in the
production technology of sauce products for restaurants.
The dynamic viscosity and shear stress of the «Mushroom
Extra» mushroom sauce are optimal for sauces from the
thickener, and consequently — a product with predicted
consumer characteristics and increased nutritional value
was obtained.

In the future it is planned to investigate the amino
acid composition of the «Mushroom Extra» sauce, as well
as the biocompatibility of proteins and amino acids, which
are contained in this sauce with the aim of further popu-
larizing the sauce products with mushroom powders in
the technology of the restaurant facilities.

7. SWOT analysis of research results

Strengths. Among the strengths of this research, it is
possible to distinguish that the formulation of the mush-
room sauce with the mushroom powders of champignons
(Agaricus campestris), reishi (Ganoderma lucidum) and
shiitake (Lentinula edodes) has been optimized. The dynamic

viscosity of a mushroom sauce with mushroom powders
and comparatively their control sample (mushroom sauce
prepared according to a traditional recipe) is studied. The
resulting innovative sauce using substandard mushroom
raw materials in the form of a mushroom powder in the
technology of catering products is economically beneficial
and resource-saving. The obtained research results allow
solving technological issues of production of mushroom
sauces with desired consumer characteristics and high
quality indicators.

Weaknesses. The weaknesses of this research are related
to the fact that the application of these technological
developments will be successful only if the mushroom
powders of champignons, reishi and shiitake are prepared
using the proposed technology with the proposed particle
size of the mushroom. Changes in the size of fungal par-
ticles significantly affect the final result of the production
of mushroom sauces — the larger the size of the fungal
particles, the greater the laying of mushroom powders
should be done according to the recipe. This technology
is recommended for obtaining sauces with a thickener, for
which high-grade wheat flour is used as the thickener. The
manufacturer may seek to replace the flour with another
thickener, for example starch, but this may adversely af-
fect the rheological performance of the finished product.
To prevent the occurrence of the above situation, further
research should be done on the effect of the thickener
type on the structural and mechanical properties of sauces
with mushroom powders.

Opportunities. Additional possibilities of the proposed
technological solution consist in expanding the assortment
of sauces on plant raw materials with increased biological
value. It is possible to model the formulation of mushroom
sauces by using substandard mushroom raw materials in
the form of mushroom powders. The resulting new product
has better structural and mechanical properties than the
mushroom sauce prepared according to the traditional
recipe. Therefore, the production of mushroom sauces with
mushroom powders according to the proposed technology
is promising, convenient and beneficial for restaurants,
strive to release high-quality products, observe the trends
of healthy eating.

Threats. The difficulties in implementing the research
results are related to the following factors:

— acomplex and unstable position of modern restaurants,

the dominance of Ukrainian consumers’ demand for fast

food products, which are characterized by a narrow
range of own production of sauce;

— risks associated with unstable supplies of cheap off-

grade mushroom raw materials from champignons, reishi

and shiitake Ukrainian agricultural enterprises that
specialize in the cultivation of these mushrooms;

— financial costs associated with the production of semi-

finished products for sauces with mushroom powders,

that is, the costs of obtaining mushroom powders.

These factors can influence the intensity of the process
of introducing an innovative sauce product with increased
biological value in Ukrainian restaurants.

1. Optimization of the sauce formulation with mush-
room powders was carried out on the basis of studying
the structural and mechanical properties of the inves-
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tigated product. Optimal quantities of the formulation
components of the innovative product are determined,
namely the ratio of the fungal powders in the formula-
tion composition as 1:1:2 (shiitake:reishi:champignons).
The ratio of thickeners is proposed as 1:1 (wheat flour
and whey protein concentrate).

2. The technology of production of sauce with mush-
room powders, which have high biological value and high
consumer properties and is resource-saving, has been deve-
loped and justified. So, the cooking time of the innovative
sauce is 20—25 minutes.

3. The structural and mechanical properties of the sauce
with mushroom powders have been analyzed according to
the developed technology in comparison with the control
sample — a mushroom sauce prepared according to the
traditional technology, according to the recipe No. 868
of the Recipe of Foods and Culinary Products. Based on
the analysis, it is established that the structural and me-
chanical properties of the new sauce product are close
to the control sample. However, the viscosity and shear
stresses are higher. Thus, at a shear rate of 200 s~!, the
viscosity of the developed sauce is 0.38 Pa-s, while the
viscosity of the mushroom sauce prepared according to
conventional technology is 0.3 Pa-s. This is optimal from
the point of view of the organoleptic evaluation of the
quality and the possibility of effective introduction of this
product into the technology of the products of modern
restaurants.

The results of the conducted researches allow to draw
the following conclusions:

— production of mushroom sauces with specified con-

sumer characteristics technologically possible and eco-

nomically profitable;

— obtained data positively correlate with the organo-

leptic evaluation of the quality of the mushroom sauce

«Mushroom Extras.
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