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The study has suggested a theoretical model of steric stabiliza-
tion of an air-nut semi-finished product structure by adding Glyc-
eryl Monostearate and Natrium Carboxymethyl Cellulose. It has been
experimentally proved that adding low-molecular surfactants to oil
provides hydrophilization of the fat phase and reduces desorption of
egg whites from air bubbles. It has been shown that in foam emulsion
systems the interfacial shear stress of adsorption layers at the interface
with air can be increased 3.2 and 6 times by adding low-molecular
surfactants such as Glyceryl Monostearate, Diacetyl Tartaric Acid
Esters of Monoglyceride, and Sodium Stearoyl Lactylate to oil, re-
spectively. It has been revealed that the stability of the air-nut semi-
finished product structure can be ensured by adding 0.2 % of Natrium
Carboxymethyl Cellulose at the end of churning egg whites. For the
technology of making air-nut semi-finished products, it is proposed to
ensure hydrophilization of the fat phase by crushing nuts with 0.6 %
of Glyceryl Monostearate (as to the mass of all recipe components).
Nuts should be chopped to the prevailing average fraction diameter
of 0.4 mm. The egg white has been proved to stabilize air bubbles,
whereas Glyceryl Monostearate and Natrium Carboxymethyl Cellu-
lose stabilize fat particles and particulate nuts, respectively. The study
has substantiated the parameters of the technological process and the
possibility of industrial production of air-nut semi-finished products.
The comparative evaluation of a new product and a traditionally made
product was performed. In the proposed technology, the new product
is characterized by a specific volume of 3.7+0.1 m?/kg in comparison
with 3.1 m?/kg produced by the traditional technology.

Keywords: air-nut semi-finished product, steric stabilization,
flotation, foaming ability, foam stability, interfacial layers.



|l =,

Pozpobneno meopemuuny modenn cme-
purnoi cmadinizauii cmpykmypu nogimpamno-
20pixo6020 Haniepabpuxamy, wasxom dooam-
K068020 86€0eHH OUCMUTILOBAHUX MOHOZIUE-
pudie ma Hampii-KapoOOKCUMEMUNUETI0I03U.
Excnepumenmanvio 0ogedeno, w0 66edenms
HU3LKOMONCKYNAPHUX NOBEPXHEBO-AKMUBHUX
pevosun 6 onito 3adesneuye 2iopoinizauiio
Jcuposoi pazu ma 3menwye decopouyito oinka
3 Oywdoawox nosimpsi. Beedenns nampiii- xap-
OoKCcumMemuyet0N03U 3abezneuye nideUeHH S
8’sasKocmi, 3menuye aomauio meepoux uac-
MUHOK 20pixis, 3abe3neuye cmillKicmos cucmemu
00 nepemimyeanns

Kmouoei crosa: naniepadpuxam nogimpsino-
20pixoeuil, cmepuuna cmabinisauis, paromauis,
niHoymeopiooua 30amHicnmes, CmMilKicms niHu,
Midxcpasni wapu

[m, ]

Paspabomana meopemuueckas mooens cme-
PUMECKOll CMaduIU3aUUU CMPYKMyYpPolL 6030yl -
HO-0pex06020 noaydadpuxama nymem 0onoJ-
HUMENbHO20 66e0eHUs OUCMUNIUPOBAHHBIX
MOHO2IUUEPUOD08 U HAMPULL-KAPOOKCUMEMUIT-
UENNI0103bl. IKCREPUMEHMATLHO 00KA3AHO,
umo 66edeHuUe HUIKOMOJEKYAAPHLIX NOGEPX-
HOCMIHO-AKMUBHBIX 8ew,eCmeé 8 MacJio odecne-
yusaem eudpouauzauuio HUPoBoU Gazvl u
YyMenvuaem oOecopouuro Gesxa u3 nY3viPpvKos
6030yxa. Beedenue nampuii-xapooxcumemui-
UeA0103bL 00ecneusaem novluleHue 8A3K0-
cmu, ymenvuaem promayuro meepovix vacmuy,
opexos, obecnewueaem ycmouvugocmv cucme-
Mbl K nepememueanuio

Kntouesvie caosa: noaydaopuxam 6030yui-
HO-0pexo6wblil, cmepuveckas CmaduIu3auus,
daomayus, nenoobpasyrowas cnocoéHocno,
YCMoiMu8ocms nenwvl, MexcPasnvie caou

o o

1. Introduction

Baked aerated air-nut semi-finished products (ANSFPs)
and sponge cakes are confectionery items that belong to
complex colloidal systems with a mixture of food ingredi-
ents. Such systems simultaneously contain several phases
in gaseous, liquid and solid states: air bubbles, fat droplets,
and solid particles of crushed nuts (CN). During the manu-
facturing process, ANSFPs have signs of foam in the stage
of churning an egg white and sugar mixture. Adding CN to
the aerated egg white and sugar mixture creates some slurry
and emulsion. The final stage in the process of making an
ANSFP is either drying or baking. After baking and cooling,
the semi-finished product is in the air phase of a solid medi-
um. Baking entails that it is necessary to ensure stability of
the disperse system in the technological process. It requires
creating such conditions in which there is no adhesion of fat-
ty or solid particles in the air bubbles. This structure of the
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ANSFP makes it possible for baking to provide the products
with a high specific volume.

The development of scientific principles of stabilizing
foam structures is an important result of research. The
practical value of the issue is to reduce the cost of making
the ANSFP and to create conditions for expanding the
range of culinary and confectionery products on its basis.
As the ANSFP is produced manually or with minimal
mechanization due to the low stability of the foam, indus-
trialization of manufacturing ANSFPs is constrained by
the lack of the scientific groundwork for stabilizing egg
white-based disperse systems containing CN. The CN is a
factor that leads to the foam destruction by the appearance
of fat from the crushed nuts and by the adhesion of solid
particles to the air bubbles.

The present study is a continuation of research to develop
the theoretical aspects of providing stability of colloidal food
systems with a complex phase microstructure [1, 2].




2. Literature review and problem statement

The problem of maintaining the foamy egg white sys-
tem stability after the adding of fat is solved by using low
molecular weight surfactants (LMS). For example, in [3]
the quantitative characteristics of the foam have shown that
adding LMS of different nature to oil can increase the sta-
bility of the foam of a food system. The mechanism of action
of low molecular weight surfactants was linked in [4] to the
process of competitive adsorption by the surface activity val-
ues of the formed complexes. A significant factor in this ar-
rangement is the chemical nature of the egg white and LMS
and the type of the oil-water and water-to-air interfaces [5].
Competitive adsorption in multicomponent food systems is
complicated by the presence of several phases, including fat
crystals [6].

When considering foamy food systems that are based
of egg whites, the decision to use LMS as a foam stabilizer
remains rational. Thus, in [7] the use of natural gums and
polymers allowed regulation of the structural and mechani-
cal properties of the foam with the end result of its stabiliza-
tion to a state that allowed its drying.

A significant role in the stabilizer is played by the or-
ganoleptic properties of the final product [8] or the struc-
tural and mechanical properties of the foam. [9] The under-
standing of the dependence of the final food quality on the
physical properties of the foam is not a resolved issue, so it
requires further research [10]. This dependence is character-
ized by taking into account the following physical properties
as quantitative measures:

— the height of the foam;

— the amount and spatial arrangement of the components;

— the texture and surface characteristics of the products.

Thus, the height of the foam in a food system (for ex-
ample, in ice cream) may be increased by introducing the
water-soluble surfactants Tweens and reduced by adding
the fat-soluble surfactants Spans. The conventional model
explains these tendencies by the rheological properties of
an interfacial layer (IL) and the medium size of the air bub-
bles [11]. This model, however, is unable to predict the spatial
distribution of fat particles in the system. In [12], the complex
texture of a food colloidal structure is found to be formed by
three main factors: the IL formation as well as flocculation
and adsorption of dispersed particles across the interfacial
surface. Thus, the churned emulsion of a uniform composition
has different mechanical properties depending on the condi-
tions of foaming and the interfacial processes [13].

The previously proposed models of Pickering stabiliza-
tion [1] or steric Pickering stabilization [2] of the structure
cannot be used in this case. The reason consists in fat and
solid particles of CN getting into the water-air interface.
The heating process leads to the destruction of the foam.
The mechanism of steric stabilization by the use of egg
whites [14], egg white complexes with LMS [15], and protein
complexes with polysaccharides [16] is effectively imple-
mented to stabilize foams and emulsions. These colloidal sys-
tems are stabilized due to the formation of interfacial layers
with high structural and mechanical properties.

The analysis of the literature has shown that the use of low
molecular weight surfactants and stabilizers in the technology
of making foamy protein systems with the introduction of fat
makes it possible to stabilize the foam. However, the problem
is not solved as to the spatial distribution of different phases
in such systems, including ANSFPs. This factor is crucial

to the quality of the finished product in the technologies of
baking churned preparations. From this perspective, the de-
velopment of a model of steric stabilization is a prerequisite
for improving the existing technology of making ANSFPs.

3. The aim and objectives of the study

The aim was to perform a theoretical and experimental
study of improving the technology of making an ANSFP by
steric stabilization.

To achieve this aim, it was necessary to solve the follow-
ing problems:

— to implement the mechanisms of steric stabilization by
achieving the required rheological parameters of the inter-
facial layers and the whole system, which would ensure the
stability of the multiphase structure of the food system;

— by the example of the real food product (ANSFP), to
confirm the practical implementation of the stabilization
mechanisms that constitute the essence of the model of steric
stabilization;

— to justify the parameters of obtaining ANSFPs;

— to assess the quality parameters of the baked ANSFP.

4. Materials and methods of
studying air-nut semi-finished products (ANSFPs)

4. 1. The study materials and equipment

The study was based on using the following food grade
reagents:

1) food ingredients: dry egg white (ovalbumin fraction)
with a protein content of 88%2 % (BELOVO S. A., Belgium),
sunflower oil (refined, deodorized, and frozen), white sugar,
and peeled almonds;

2) food supplements:

— distilled monoglycerides (GMS — Glyceryl MonoStea-
rate, E471) with an iodine value of 3.0£0.1 g 1,/100 g;

—sodium carboxymethyl cellulose (NaCMC — Natrium
CarboxyMethyl Cellulose, E466), Blanose 7H4XF (Aqua-
lon France B. V., France);

— diacetyl tartaric acid ester of mono- and diglycerides
of fatty acids (DATEM — DiAcetyl Tartaric acid Esters of
Monoglyceride, E472a);

—sodium stearoyl lactylate (SSL — Sodium Stearoyl Lac-
tylate, E481).

The average size of the crushed nuts particles was deter-
mined by using the microscope Biolam P15 (Lomo, Russia)
with the digital camera eyepiece ScopeTek DCM-130 E of
1.3 Mp (Hangzhou Scopetek Opto-Electric Co., Ltd., Chi-
na). The photographing and processing of the images were
performed using the software Scope Photo 3.0 (Hangzhou
Scopetek Opto-Electric Co., Ltd., China).

The yield shear stress (YSS) of the interfacial layers was
performed on the surface viscometer, the design of which
is given in [1]. It was found by using two crystallizers con-
nected with a tube to simulate the presence of two interface
boundaries in the studied systems. An aqueous protein sys-
tem was poured into the crystallizers, and the system was
kept for 2.5 hours at t=20+1 °C, after which sunflower oil
was poured onto the solution surface of one of the crystal-
lizers. The system was kept for 2.5 hours at t=20+1 °C and
then the YSS of the interfacial layers was determined at the
water-air and water-oil interfaces.



The effective viscosity was measured by the viscometer
VPN-0.2 M (Russian National Research Institute of the
Bakery Industry, VNITHP, Russia).

4. 2. Preparation of the research samples and methods

Fat surfactant solutions were obtained by dissolving in
sunflower oil at a temperature of 65-70 °C.

The foaming ability (FA, %) was determined by the
formula:

FA="1.100%, )
%

s

where V, is the volume of the foam, cm?; V, is the volume of
the solution before churning, cm?.

The foam stability (FS, %) was calculated using the
formula:

FS=e.100%, 2)
v

i

where V, is the volume of the foam after 1 h, cm?; V, is the
initial volume of the foam, cm?®.

The specific volume (M, m?/kg) of the baked ANSFP
was determined by the ratio of the sample volume to its mass
according to [17].

4. 3. Statistical analysis of the experimental data

The statistical processing was based on the single-fac-
tor analysis of variance (ANOVA) for a series of parallel
measurements (n=3-4). The difference in the values was
analyzed by Student’s t-test with a statistical significance
of (p<0.05). All experimental values were given in the form
of X£AX, where X was the average of the experimental val-
ues and AX was its confidence interval. The statistical data
processing was performed using the Excel program package
of Microsoft Office 2010 v. 10 (Microsoft Corp., USA) and
IBM SPSS Statistic v. 20 (IBM Corp., USA).

5. Development of a model of steric stabilization of
the air-nut semi-finished product structure

The process of making an ANSFP by the traditional
technology entails churning of egg whites with 10 % of white
sugar. The next step is to add CN, mixed with 40-45 % of
sugar powder, to the obtained foam, with further mixing,
dosing, and baking. The main disadvantage of this technol-
ogy is the low stability of the foam. The reason for this is
the raw nut solids and oil droplets that are adsorbed on the
surface of the water-air interface (Fig. 1, a). Baking reduces
the volume of the foam. It is possible to prevent adsorption
by adding the required amount of egg whites to the system.
As a result, an IL is formed on each interface: water-air,
water-oil-water, and water-solid substance. Addition of egg
white increases the viscosity of the medium. Both factors
counteract adsorption. However, such a decision is not ap-
propriate economically.

A more rational approach is to add certain surfactants for
each interface in the system. This means using egg whites to
make the foam, low surfactant to emulsify the oil, and surfac-
tant polysaccharides to increase the viscosity of the medium.
From the technological point of view, this approach should
provide a high interfacial shear stress in the IL on air bubbles

and fat particles. It can also eliminate flotation of hydropho-
bic fatty and solid particles of the CN. Both factors reduce
desorption of protein from the interfacial surface of water-air
by hydrophilizing other dispersed particles.

To implement this approach, a model is suggested for
steric stabilization of the ANSFP structure (Fig. 1,b). It
includes two mechanisms of stabilization. The first one is
related to emulsification and hydrophilization of fat particles
while adding surfactants to the oil. The second mechanism
reduces the flotation of suspended particles of CN while
increasing the viscosity of the dispersion medium by using a
stabilizer with surface-active properties.

An important step in the development of these models is
the choice of the stabilizer. To ensure a high volume resistiv-
ity, it was considered to use xanthan gum, acacia gum, and
sodium carboxymethylcellulose. The first two ingredients
did not help obtain products with the necessary textural
properties. The baked items were soft, rather than crispy.
The use of NaCMC, however, provided the necessary textur-
al properties. This stabilizer has the necessary surface-active
properties, and it can be adsorbed at the water-solid particle
interface [18]. This will prevent flotation of dispersed solid
particles of the nut material.

Disperse air phase

Solid particle
nut

Egg white
A fat particle with
# the adsorbed
surfactant

\T/{; A solid nut particle

= with the adsorbed
/”'\ NaCMC

b

Fig. 1. Spatial distribution of phases in the ANSFP:
a — by the traditional technology; b — by the model of
steric stabilization

If there is a significant prevalence of the egg white
content over the content of NaCMC, the system is not ther-
modynamically stable. [19] This factor prevents the process
of desorption of the egg white from the water-air interface
in the volume of the solution when adding NaCMC to the
solution of churned egg whites.

6. Discussion of research results about the structure of
the air-nut semi-finished product

6. 1. The rheological properties of interfacial adsorp-
tion layers

Previous rheological studies of the YSS of the interfacial
layers on separate water-air and water-oil interfaces failed to
reveal a correlation between oil-containing egg whites and
the foam stability [3, 20]. Based on these patterns, research
was conducted on ILs in systems that in addition to the wa-



ter-air interface had the water-oil interface. The emergence
of the new surface interface initiates a process of competitive
adsorption.

The YSS of the interfacial layers at the water-oil inter-
face after adding oil to the egg white solution (7.5 %) de-
creases 4.3 times in 2.5 hours (Table 1). Further keeping of
the system has no virtual effect on the YSS of the interfacial
layers. These results correlate with the ability of foaming
and the stability of the foam that is based on the egg white
after adding oil to the system [3].

Table 1

The dynamics of the yield shear stress of
the interfacial layers at the water-air interface after adding
oil to the system

Time, 7, h 0 1.0 1.5 2.0 2.5
3
YSS, Px10%| ) 4795 | 02625 | 021 | 01575 | 0.105
H/m

Adding surfactants to oil provides an extreme dependence
character of the YSS of the interfacial layers at the water-air
interface (Fig. 2). Thus, the maximum YSS of interfacial lay-
ers in systems containing GMS is achieved if the content is
0.8 % (Fig. 2, a). Almost the same YSS is achieved in systems
with the DATEM content of 0.075 %. Based on the data, it is
possible to conclude that if the DATEM content is 0.6 %, the
YSS of the interfacial layers corresponds to the YSS of inter-
facial layers with egg whites without using surfactants. When
using SSL, the maximum YSS is achieved if the surfactant
content is 0.6 %. Based on the principles of food safety, foam-
ing ability, foam stability and the YSS of the interfacial layers,
the chosen surfactant among the ones studied was GMS.
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Fig. 2. The yield shear stress of the interfacial layers:

a — “egg white-surfactant”, depending on the content of the
surfactant at the water-air interface and the surfactant content:
o — GMS; 0 — DATEM; A — SSL; b — “egg white-surfactant-
sugar”, depending on the content of GMS at the water-air
interface and the content of sugar,%: o — 10.0; 0 — 50.0
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The resulting patterns of the YSS of the interfacial layers
depending on the type and content of the surfactants make
it possible to assert that adding the surfactants to oil can in-
crease the YSS of the interfacial layers bordering on air. The
explanation for this fact is that adding a surfactant reduces
the interfacial tension between water and oil, providing for
the hydrophilization of the fat phase, thereby reducing the
driving force of desorption of the egg white from the wa-
ter-air interface.

As part of the ANSFP recipe, the sugar content is
50-55 %, which can change the ratio of egg white and sur-
factants and increase the YSS of the interfacial layers. Thus,
adding 10.0 % of sugar to 7.5% of the egg white solution
increases the YSS of the interfacial layers bordering on air
in systems with two interfaces — water-air and water-oil.
The maximum YSS of the interfacial layers corresponds to
the content of GMS being 0.6-0.8 % (Fig. 2, b). If the con-
tent of sugar is increased to 50.0 %, it increases the absolute
values of the YSS of the interfacial layers when the content
of GMS s 0.6 %. A similar tendency as to the impact of sugar
was noted in [21] while studying the modulus of elasticity
in the interfacial layer of ovalbumin. As shown in Fig. 2, b,
adding 0.6 % of GMS to the “egg white-GMS-sugar” system
can increase the YSS of the interfacial layers at the water-air
interface 4.4—6 times compared with systems containing
only egg white.

6. 2. Rational parameters for obtaining the air-nut
semi-finished product

The rational parameters of churning egg white are de-
termined by finding the dependence of the churning dura-
tion on the value of the foaming ability (FA) of the 7.5 %
solution of egg whites. It was found that the churning
duration of 8—10 minutes and the machine rotation speed
of n=18 s* maximize the FA up to 629 %, with 100 % of
the foam stability (FS). Adding crushed nuts (almond)
in the amount of 20—-40 % reduces the amount of the foam
from 320 to 110 % (Table 2).

Table 2

The impact of the crushed nut (CN) content w.y on
the foam parameters

Wy, % 20 25 30 35 40
FA, % 320 260 210 160 110
FS, % 100 100 100 100 100

In the experiment, the model system was used as a reci-
pe mixture. The model system was prepared as follows: the
churned solution contained 7.5 % of egg white and 10 % of
sugar. Then 30 % of crushed almonds were added with 0.6 %
of GMS and the sugar that would totally amount to 50 % in
the solution. The FA reduction can be explained as destruc-
tion of the foam during mixing the churned egg white with
the CN. After stopping the mixing process and after further
proofing, the foam remains stable.

It was determined that the recipe mixture with CN
below 150 % is characterized by a low specific volume
after baking and does not comply with the set quality pa-
rameters. Given this, the rational CN content is 30-35 %.
This content is also typical of the traditional technology of
making ANSFPs. Baked semi-finished products containing
CN below 30 % are characterized by a low intensity of the
nutty flavor. Therefore, reduction of the raw nut content to



enhance the stability of the foam is not rational in terms of
quality indicators.

As the degree of grinding in the CN determines the FA
and the FS, it was found what the average size of particles
of the main fraction of CN could ensure the maximum FA
(Table 3). The analysis of the data from Table 3 showed
that the maximum FA is typical of systems that contain CN
with an average particle size of 0.4 mm (a fraction content of
60 %). With a further increase of dispersion, the FA decreas-
es, probably due to particle clumping in the nut material. A
decreased dispersion reduces both the FA and the FS. It hap-
pens because significant dimensional characteristics of raw
nuts lead to the destruction of the foam by sedimentation.

Table 3

Foam characteristics of the recipe mixture, depending on
the average size of particles of the main fraction of raw nut

particles
Average size, 103, m FA, % FS, %
0.2+0.1 142+7 99+1
0.4%0.1 210+11 99+1
0.6x0.1 155+8 99+1
0.8+0.1 112+6 94+1

It was additionally proved that adding GMS under the
same conditions during the crushing of raw nuts increases
the degree of crushing and reduces the clumping of the par-
ticles (Fig. 3).

Fig. 3. Photos of crushed nut material:
a — after adding GMS; b — without GMS

The increased dispersion of raw nut particles after add-
ing GMS can be explained by a decrease in the strength
of the CN in the presence of the surfactant (the Rebinder
effect). The fact of the reduced clumping of particles is ex-
plained by the action of the fat crystallization process due to
the high melting temperature of GMS. Thus, GMS should be
efficiently added during the crushing of raw nuts to improve
dispersion and to reduce adhesion.

The adequacy of the rationally selected content of GMS
is proved by the research results on the FA and the FS for
the recipe mixture that contained 30 % of the CN (Fig. 4, a).
Adding 0.6 % of GMS ensures 100 % of the FS and 210 % of
the FA, which is a good result. Thus, adding 0.6 % of GMS
produces a positive impact on the degree of crushing the raw
nuts, the FA, and the FS.

The improvement of the technology of making ANSFPs
is based on ensuring stability of the foam to implement in-
dustrial production, which involves mechanical stirring of
the recipe mixture with the introduction of a crushed nut
material. Mechanical mixing provides even distribution of
the CN in the system if the mixing lasts for 1-2 minutes at a
speed of the machine rotation of n=3—4 s'. However, under
these conditions, the foam volume is reduced to the size of
106112 %. If the recipe mixture was left for 1-2 hours, no
further destruction of the foam was revealed: the stability
was 100 %. The use of GMS does not ensure foam resistance
to mechanical action in the presence of particulate nut mate-
rial. Thus, the study has proved the necessity to add NaCMC
as a stabilizer.
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Fig. 4. The foaming ability (o) and the foam stability () of

the recipe mixture: a — depending on the content of GMS;

b — depending on the content of NaCMC (if the content of
GMS is 0.6 %)

Adding NaCMC to the recipe mixture under mechanical
stirring for 1-2 minutes at a speed of the machine rotation
of n=3-4s" helps preserve the foam volume. Thus, if the
content of NaCMC is 0.15-0.25 %, the FA is 340 %, which
is 3.1 times higher than without NaCMC (Fig. 4, b). Pre-
sumably, this can be explained by an increase in the system
viscosity, which prevents flotation. The analysis of the data
has revealed that the rational content of NaCMC in terms of
the foaming ability is 0.15-0.25 %.

The conducted rheological study has determined that
the effective viscosity (at a shear rate of 100 s) with 7.5 %
of the egg white solution and 50 % of sugar after adding 30 %
of CN is reduced 7.5 times (Table 4). Putting 30 % of nut
flour into the system containing 0.2 % of NaCMC results
in a slight decrease in the effective viscosity of 1.48 times



(Table 4). Thus, the rate of decrease in the effective viscosity
is 5.0-5.1 times less.

Table 4

The effect of mixing on the effective viscosity 1 of
the recipe mixture

The state of effective viscosity, Pa's

the system without NaCMC | with NaCMC (0.2 %)
Before mixing 0.15 0.68

After mixing 0.02 0.46

Effective viscosity is reduced probably because adding
CN leads to adsorption of the egg white on the surface
of the solid particles. This causes a decrease of viscosity.
NaCMC is adsorbed on the solid particles and reduces the
polarity difference between the solid and aqueous phases.
This reduces desorption of the egg white from the water-air
interface, diminishes the foam destruction, and facilitates
a high viscosity of the system, which prevents flotation of
dispersed particles.

6. 3. Evaluation of the quality features of the air-nut
semi-finished product

According to the conventional technology, the tempera-
ture for baking ANSFPs is 140—150 °C. In the improved tech-
nology, the baking temperature was the same. The full-factor
experiment helped determine the rational duration of heat
treatment depending on the different masses of dough. While
varying the mass of dough from 5 to 200 g, the heat treatment
duration was 12—-45 minutes.

Fig. 5 shows samples of ANSFPs obtained by the tradi-
tional and advanced technologies. The specific volume of the
air-nut semi-finished product obtained by using the tradition-
al technology is M=3.1 m*/kg.

|~ _ l
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Fig. 5. The views of the air-nut semi-finished product samples:
a — the traditional technology; b — the improved technology

The organoleptic evaluation was used to determine the
specific volume of the air-nut semi-finished product that is
characterized by the maximum quality and is M=3.7 m®/kg.

The comparison of these values is in favor of the sample ob-
tained by the improved technology.

7. Conclusion

1. The model of steric stabilization has been developed to
ensure sustainability of food systems with several phases in
various states of aggregation. The model facilitates the pro-
cess of making a food product by implementing two important
mechanisms. The first relates to the provision of high values of
rheological parameters of interfacial layers. High values of the
yield shear stress of the interfacial layers prevent the getting of
fat or solid particles onto the surface of the water-air interface.
The second mechanism helps achieve a desired viscosity of the
system, which prevents flotation of dispersed particles.

2. The practical use of the developed model of steric
stabilization is described in the study by an example of
making an air-nut semi-finished product. The undertaken
experiments have confirmed the effective mechanism of the
steric stabilization model. Adding sufficient amounts of sur-
factants made it possible to obtain interfacial layers with a
high interfacial shear stress. Additional introduction of low
molecular surfactants to oil boosted the yield shear stress of
the interfacial layers at the water-air interface in a system
with two phases. The use of sodium carboxymethyl cellulose
as a stabilizer facilitated a high viscosity of the dispersion
medium to counteract flotation of dispersed particles under
a mechanical effect on the system. The model can be used
in other technologies of food production. This applies, in
particular, to the technologies of making chocolate sponge
cakes, nut biscuits, and other baked foam-based products.

3. The study has substantiated rational parameters
of churning egg whites. The mixing duration should be
8—10 min at a speed of the machine rotation of 18s™. The
substance is churned with 10 % of white sugar. Then the
added content of crushed nuts is 30-35 %. It has been shown
that the grinding of nut raw materials with GMS to the aver-
age size of particles of the main fraction of 0.4 mm provides a
high degree of foaming. It has been determined that adding
0.6 % of GMS and 0.2 % of NaCMC can ensure stabilization
of the air-nut semi-finished product before mechanical mix-
ing. The above factors can help obtain air-nut semi-finished
products with the desired organoleptic characteristics.

4. Tt has been found that the advanced technology can
help obtain an air-nut semi-finished product by industri-
al methods for a specific volume of 3.7 m®/kg instead of
3.1 m®/kg obtained by the traditional technology.
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