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Abstract !
The possibility of using protein concentrates and isolates instead of milk
solids-not-fat (MSNF) in the production of ice cream with a high mass fraction
of milk fat (12%) and increased mass fraction of protein was investigated
and justified in this article. The ice cream samples with use of milk protein
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established that the replacement of MSNF with concentrates and isolates
of milk and whey proteins can be an effective way to increasing the protein
content in ice cream while maintaining or improving its sensory properties.
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Introduction

One of the most popular dairy dessert products
in the world is ice cream. Therefore, researchers
over the years' have proposed new technological
methods for its manufacture and various recipes
both to meet consumer requirements and to reduce
production costs. Common ice cream formulations
include dairy, sugar, stabilizers, emulsifiers, flavors,
and colors. Ice cream is high in calories due to
fat and sugar, but the protein content in it is not
enough. Protein deficiency in food is a global food
problem. Considerably, the use of proteins from dairy
by-products (skimmed milk and whey) can contribute
to its solution. Such products include milk protein
concentrates (MPC), whey protein concentrates
(WPC), milk protein isolates (MPI), whey protein
isolates (WPI), native whey protein isolates
(NWPI), etc. Ice cream manufacturers inevitably
face problems with increasing the mass fraction
of protein in the product, increasing the viscosity
of the mixture and increasing the cost of products.
Some problems are largely solved by reducing
the mass fraction of milk solids-not-fat (MSNF)
in ice cream. A change in the composition of the
product is reflected in its consistency and structure.
This is mainly due to the technological properties
of proteins, such as interaction with water to form
network structures, stabilization of emulsions and
foams.?® Complex interactions between water,
fat, proteins and the air phase affect the physical,
rheological and sensory properties of the product.
New ingredients included in mixtures also affect the
freezing behavior of the mixture and the storage
stability of ice cream.*

Usually ice cream contains 7-11 % of MSNF
and, accordingly, 2.3-4 % of protein. The quality
of ice cream largely depends on the mass fraction
of MSNF. A study® noted that the determinants
of ice cream texture performance were ice crystal
size and uniformity,5” glass transition temperature,
and rheological properties of mixture.® Since
proteins, through their water-holding capacity,
influence the formation and size of ice crystals®'® and
the rheological properties of the ice cream mixture™-13
their addition to ice cream can affect the texture
of the finished product. It is important to consider
that during heat treatment (pasteurization), protein
molecules unfold and new bonds are formed with
water molecules, which contributes to an increase
in viscosity." Replacing 20 % and 50 % of MSNF
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in ice cream with MPC increased the viscosity
of the mixture by increasing the dispersed particles,
but there was no significant difference in the value
of the viscosity index between samples using
concentrates containing 56 % and 85 % of protein.®
When using WPC, a decrease in surface tension
at the fat-water interface was also noted, caused
by an increased content of protein, as evidenced
by an increase in viscosity.'® When microparticulate
whey protein was used, the hardness of the product
increased, which was explained by the stronger
structural network formed when B-lactoglobulin
interacted with water."”” The addition of WPI
in the amount of 4 % at 10 % of MSNF in ice cream
resulted in an increase in the viscosity of the mixture,
a decrease in overrun and an increase in the
hardness of the finished product.?

The use of NWPI in ice cream instead of MSNF
had an impact not only on the texture of the
finished product, but also on its overrun and air
bubble stability.'® There are different opinions about
the correlation between overrun and ice cream
texture indicators. A study'® indicates its absence,
which is doubtful, and studies®'” have established
a relationship between hardness and overrun.

Replacing MSNF with WPC? resulted in a decrease
in the thermal stability of ice cream, while the effect
of this concentrate on the texture of the product was
not detected in the sensory evaluation. However,
in an objective texture assessment' when using
WPC for the same purpose, a decrease in product
hardness, stickiness and adhesion was noted, which
could be due to changes in viscosity and overrun.2'2?
WPI added to ice cream reduced overrun and
increased hardness,® similar changes occurred
with milk concentrate.?* The role of proteins in the
formation of secondary shells of fat globules in an
ice cream mixture®® is very important, however,
researchers paid insufficient attention to the quality
indicators of a product with a high mass fraction
of fat when replacing MSNF with protein concentrates
and isolates.

The purpose of this work was to determine the effect
of WPC, MPC, MPI and NWPI on the consistency,
structure and sensory properties of ice cream with
a high mass fraction of milk fat of 12 % and not
containing MSNF.
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Materials and Methods

Materials

The following materials were used in the research.
Dairy fat spreads, fat mass fraction of 72.5
% (OJSC Dairy plant “Penzensky”, Penza,
Russia); white crystalline sugar (“Russian sugar”,
Moscow, Russia); nonfat dry milk (Yugovsky Dairy
Products Plant LLC, Perm, Russia); stabilizer-
emulsifier Cremodan SE 334 VEG (DuPont
Danisco Nutrition & Biosciences, France);
maltodextrin Multydex 18 and dry glucose syrup
Multydex 38 produced by LLC "KZ Gulkevichsky"
(RP Krasnoselsky, Krasnodar, Russia).

Protein concentrates and isolates produced
by Ingredia S.A. (Arras CEDEX France): Prodiet 87B
Fluid milk protein isolate (at least 84 % of protein in

dry matter), obtained by spray drying and enriched
with micellar casein; milk protein concentrate MPC85
(ST) (protein in dry matter not less than 80 %
of ratio of casein and whey protein 80/20 %)
produced using ultrafiltration and spray drying
methods; native whey protein isolate Prodiet 90S
(protein in dry matter is not less than 85.5 %),
obtained from cow's milk whey by ultrafiltration
and diafiltration. WPC 80 whey protein concentrate
(not less than 80 %) produced by Mlekovita Group
(Vysoké Mazovetsky, Poland) was obtained in the
process of whey drying after removal of the non-
protein component from pasteurized liquid whey.

Using these materials, the following ice cream
samples were prepared for research (Table 1).

Table 1: The composition of ice cream samples

Composition Samplea

Cs MPIs MPCs NWPIs WPCs
Water, % 63.6 63.6 63.6 63.6 63.6
Fat, % 12.0 12.0 12.0 12.0 12.0
MSNF b, % 10.0 - - - -
Sugar, % 14.0 14.0 14.0 14.0 14.0
Stabilizer, emulsifier, % 0.4 0.4 0.4 0.4 0.4
Maltodextrin, % 3.0 3.0 3.0 3.0
Dry glucose syrup, % 2.0 2.0 2.0 2.0
Milk protein isolate, % 5.0
Whey protein concentrate, % 5.0
Native milk protein isolate, % 5.0
Milk protein concentrate, % 5.0

aCs - control sample with 10 % MSNF, MPIs — sample with milk protein isolate, MPCs — sample with milk
protein concentrate, NWPIs — sample with native whey protein isolate, WPCs— sample with whey protein

concentrate; ® MSNF milk solids-not-fat

Methods

Ice Cream Preparation

The process of ice cream manufacture using protein
components included the following stages: mixing
of raw materials and heating them to 45 °C, filtering
the mixture at a temperature of at least 60 °C
(filter with a mesh width of 1 mm), pasteurization
of the mixture at a temperature of 78 °C with
holding for 10 minutes in a long-term pasteurization
bath (OSKON, Glazov, Russia), homogenization
of the mixture at a temperature of 75 °C and a

pressure of 12.0-14.0 MPa at the 1st stage, 3.0-5.0
MPa at the second stage (laboratory homogenizer
APV SCHRODER GMBH, Germany), cooling
mixture to 4 °C, ripening at 4 °C for 24 hours,
freezing the mixture to ice cream temperature minus
5 °C (laboratory freezer Labo 8/12 E, CARPIGIANI,
Italy), packaging ice cream in 150 ml polystyrene
containers, hardening ice cream at temperature
minus 30 °C for 3 days and subsequent storage
at a temperature minus 18 °C.
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Rheological Study

The dynamic viscosity of ice cream mixtures
was studied using a DV2+Pro rheoviscometer
(BrookField, USA) with Rheocalc V3 1-1 software
(BrookField, USA) and an SC4-31 spindle as
described by Amador et al.?® The ice cream mixture
was poured into a metal cylinder with a volume
of 10 cm?, fixed, the spindle was immersed in it, and
a temperature sensor was connected. The samples
were measured in triplicate with an accuracy
of £1 % of the used range and a reproducibility of at
least 0.2 % at a mixture temperature of 4.0+0.5 °C.
To maintain the required temperature, a water bath
(thermostat) was used with an error of +0.5 °C.
The dynamic viscosity of the samples was recorded
at 10 rpm (0.16 s'). For each sample, a graphical
dependence of the shear stress on the shear rate
and a mathematical dependence were obtained in
accordance with the Herschel-Bulkley equation,
based on which the values of the flow behavior (n)
and the consistency coefficient (K) were determined.

Chemical and Physical Indicators

The titratable acidity, expressed as (%) lactic acid,
was determined by titration using a 0.1 N NaOH
solution and a phenolphthalein indicator.

Overrun was determined by weight method based
on the mass of the same volume of mixture and ice
cream according to the method described by Goff
and Hartel?” according to the formula (1):

YoOverrin =

M, — M,
7 =100 ..(1)

where M, is the mass of the mixture, g; M, is the
mass of ice cream, g.

The cryoscopic temperature (T) was determined onan
OSKR-1 cryoscope osmometer (KIVI Osmometriya,
Russia). The glass transition temperature of the
mixture (T ) was determined on a NETZSCH DSC
204 F1 differential scanning calorimeter (NETZSCH-
Geratebau GmbH, Germany).

Structural Study

The study of structural elements consisted in
determining the size of air bubbles and ice
crystals, mathematical modeling of their distribution
and calculation of average diameters with the
modified procedures adapted from the methods
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described by Lomolino et al.® and Goff et al.?®
A CX41RF microscope (OLYMPUS, Japan) with
a built-in camera and ImageScope M software
(SMA, Moscow, Russia) were used.

To study the air phase, a small amount of the
prepared sample was applied to a glass slide,
covered with a coverslip, and placed on the
microscope stage or cryostage. The studies
were carried out at a microscope magnification
of 100 times. 8-10 photographs were taken for
each sample.

When studying ice crystals, a small amount of an
ice cream sample was placed in alcohol and
then on a cover glass with a cryostage at a
temperature of -18 °C. The studies were carried out
at a magnification of 100 times. 8-10 photographs
were taken for each sample.

After processing the photographs with Image Scope
M, Excel 2010 (Microsoft Inc., Redmond, WA) and
Math cad V14.0 (PTC Inc, Boston, Massachusetts,
USA) were used. To approximate the results
obtained, construct distribution curves, calculate
modes (D ), medians (D__ ) and average values

m med

(Dy,). the following formula (2) was used.

F(D)=(bxD)" x e P (2)

where D is the diameter; a, b are the coefficients
of the equation.

Texture analysis of ice cream samples was
performed on a CT3 Texture Analyzer (Brook Field,
USA) with Texture Pro Lite v1.1 Bld 4 software
(BrookField) with modified procedures adapted from
the methods by Soukoulis et al.> The TA28 sensor
was used for the study. Ice cream samples were
stored at -18 °C. They were placed on an object
table at room temperature (20 °C), after which
a program was launched, according to which the
probe was immersed to a depth of 5 mm at a speed
of 0.5 mm/s and a trigger point of 10 g. At least 5
measurements were carried out for each sample.
The change in the load during the immersion of the
sensor was recorded, after which the calculations
were carried out. The fracture force (g), hardness
(9), adhesive force (g), adhesiveness (gs) and rigidity
(9) were determined.
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Sensory Evaluation

Sensory scores were determined by a panel of 6
certified tasters. Selection of panelists has been
done according to ISO standards.®® Taste and
aroma (maximum score 6.0), structure and texture
(maximum score 3.0), color and appearance
(maximum score 1.0) were evaluated.

Statistical Analysis

Statistical processing of the obtained results was
performed using Past V4.03 (dyvind Hammer,
Norway) and Excel 2010 (Microsoft Inc., Redmond,
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WA). One-way ANOVA was used with Tukey’s
multiple comparison to analyze results. A significance
level of P < 0.05 was used.

Results and Discussion

Chemical and Physical Indicators

During experimental studies, the chemical and
physical parameters of the above mixtures
for ice cream were determined: titratable acidity,
glass transition temperature and cryoscopic
temperature (Table 2).

Table 2: Indicators of mixtures

Indicators Sample

Cs MPIs MPCs NWPIs WPCs
TA
(% lactic acid) 0.19+0.02 0.14+0.01 0.12+0.01 0.17+0.01 0.16£001
T.(°C) -2.48 -2.08 -2.11 -2.18 -2.14
T (°C) -44 -45 -46 -46 -43

9

TA - titratable acidity, T, - cryoscopic temperature; Tg - glass transition temperature of the mixture.

Significant differences were found in the
titra table acidity of all samples with 100 % replacement
of MSNF from the control Cs sample. The MPCs
sample had the lowest value of this indicator.
The replacement of MSNF with different
protein components also led to an increase in
the cryoscopic temperature by 0.3 °C.
No significant differences were found between
samples with MSNF replaced. The glass transition

temperature is also similar in all ice cream samples
studied.

When conducting rheological studies, significant
differences (P<0.05) in the value of the "dynamic
viscosity" indicators and the calculated indicators
"consistency coefficient" and "flow behavior index"
were found between the samples of Cs, NWPIs and
WPCs (Table 3).

Table 3: Rheological properties of mixtures

Sample DV (mPa-s) Cl Fl

Cs 1060116 138025 0.6
MPIs 960+33 134049 0.7
MPCs 93011 10005 0.7
NWPIs 2080154 3990413 0.4
WPCs 27014 270%12 0.8

DV - dynamic viscosity, Cl - consistency index, FI - flow inde
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The significance of the differences was confirmed by
statistical ANOVA analysis, the results of which are
presented in Table 4. A slight decrease in dynamic
viscosity was found in the MPIs and MPCs samples
compared to the Cs sample. A significant increase
in the viscosity of the ice cream mix was found
in the sample with NWPIs. In the WPCs sample,
a sharp decrease in viscosity was found, compared
with the control by 3.8 times. The dynamic viscosity
between the MPIs, MPCs and Cs samples did not
differ markedly.

Table 4: ANOVA for dynamic viscosity

Compared samples P

Cs - MPIs 1.8x102
Cs - MPCs 7.1x10*
Cs - NWPIs 1.7x10°
Cs - WPCs 2.8x107
MPIs - MPCs 0.311
MPls - NWPIs 2.1x10
MPIs - WPCs 8.4x10
MPCs - NWPIs 1.2x10°
MPCs - WPCs 1.5x107
NWPIs - WPCs 3.2x107

The decrease in titratable acidity of MSNF -free
samples can be explained by the different composition
of proteins and the decrease and difference
in mineral salts and free acids in protein concentrates.
In addition, the acidity value could be affected by the
method of production of protein concentrates and
isolates and their amino acid composition. This is
supported by the fact that samples with MPI and
MPC were characterized by lower titratable acidity
than samples with whey proteins. The results
of this study found to be opposite to the analysis
conducted by El-Zeini et al."" and Mostafavi et al.’®
thus confirming the influence of chemical composition.
Samples in these studies contained MSNF,
its replacement for proteins was partial. The findings
of decrease of freezing point correlate with the data
obtained by Moschopoulou et al.?? Patel et al.** and
El-Zeini et al."" As in the case of titratable acidity,
the decrease in cryoscopic temperature is associated
with a decrease in the content of mineral salts
and the absence of the low molecular weight
nutrient lactose.
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Differences in the viscosity of the mixtures are
associated with the peculiarities of the structures
of the molecules of milk and whey proteins
in concentrates and isolates and their different
water-binding capacity. The NWP |Is sample was
characterized by the highest viscosity, which
indicates its high water-binding capacity, as a result
of which the use in an amount of 5 % leads to an
unacceptable loss of mixture fluidity for production
conditions. The highest viscosity of NWPIs correlates
with the data of study of its properties got by Heino
et al.3' Mention of the usage of NWPI in ice cream
was not found.

The lowest viscosity of the WPC sample is due to
the low water-binding capacity of whey proteins
compared to casein. The results got by Goff
et al. correspond our data of decrease of viscosity
at using WPC instead of MSNF.32

Overrun

Significant differences were found in the overrun
of ice cream samples obtained under conditions
of unregulated air supply to the freezer (Figure 1).
In various studies, protein components were
added to MSNF, or partially replaced it. The values
of overrun at use MPC match the values obtained
by Alvarez et al.”® The replacing of NFDM to 20%
of MPC increased the overrun; the overrun at 50%
replacement was lower than at 20%. The results
obtained by Moschopoulou et al.?? correspond our
data at using WPC. The difference between WPCs
and NWPIs correlated with results of study by Heino
et al.,®" although the properties of proteins in this
manuscript were compared not in the ice cream.
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Fig. 1: Overrun of ice cream samples
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The control sample Cs had the highest overrun in
comparison with the rest of the samples. The MPIs
sample had the least overrun compared to the Cs.
In the MSNF -replaced samples, the NWPIs sample
had the highest overrun. There was no difference in
overrun between MPCs and WPCs. The lower ability
of the mixture to saturate with air in samples with the
replacement of MSNF with concentrates and isolates
of milk and whey proteins indicates the formation
of a dense protein-lipid shell on the fat globules, which
does not collapse under thermomechanical action
in the freezer, which prevents the demulsification and
agglomeration of the fat phase, which is necessary
to stabilize the air phase. To a large extent,
the stability of the shells is due to the low desorption

capacity of protein concentrates and isolates from
the shells of fat globules.

Dispersion of Structural Elements

Studies have shown that the use of concentrates
and isolates in ice cream has a different effect
on the size of ice crystals. Table 5 and Figure 2 show
the results of approximation of the obtained data by
formula (2) and the values of the sizes characterizing
their distribution. The submitted results differed from
Patel et al.,*® because the draw temperature was
high. The reasons of the difference in the sizes of ice
crystals and air bubbles in the manuscripts may be
related to the different composition of the samples
and the time of freezing.

Table 5: Parameters of ice crystals

Sample D....(km) D_(um) D.,(m) a be R?

Cs 2948 22 28 3.77 0.13 0.84
MPls 27+9 22 26 3.76 0.14 0.94
MPCs 32112 28 31 3.63 0.12 0.94
NWPIs 277 25 26 3.80 0.14 0.86
WPCs 3211 35 31 3.64 0.12 0.93

Dmean - mean size, Dm - mode, Dmed - median, a,b - coefficients of equation (2),

R2 - coefficient of determination
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Fig. 2: Ice crystal size distributions in ice cream samples
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The existence of significant differences in the size
of ice crystals of ice cream samples in relation to
the control sample (Cs) was determined, which are
illustrated by the results of ANOVA in Table 6. At the
same time, a significant difference between the sizes
of ice crystals in samples with isolates (MPIs and
NWPIs) and in samples with concentrates (WPCs
and MPCs) was not observed.

Table 6: ANOVA for mean size of ice crystals

Compared samples P

Cs - MPIs 1.2x10*
Cs - MPCs 1.0x10°
Cs - NWPIs 3.7x10°%
Cs - WPCs 1.2x10®
MPIs - MPCs 1.0x1078
MPls - NWPIs 0.761
MPIs - WPCs 1.3x107
MPCs - NWPIs 2.9x102
MPCs - WPCs 0.554
NWPIs - WPCs 1.5x1078

An analysis of the sizes of ice crystals by their
distribution functions indicates the highest dispersion
of ice crystals in the NWPIs sample. Considerably,
in this indicator, the MPIs sample approaches the
NWPIs sample, and both of them are close to
or somewhat better than the Cs control sample.

Studies of the microstructure of ice cream samples
also made it possible to reveal differences in the
size distribution of air bubbles in ice cream when
using protein concentrates and isolates in them.
It was obtained numerical values for the air bubble
size distribution characteristics (Table 7).

Here are the results of approximation of the obtained
data by formula (2) and their graphical representation
(Figure 3).

Significant differences in air bubble size between
Cs and NWPIs and MPIs and NWPIs were found to
exist, as illustrated by the ANOVA results in Table 8.

The obtained differences in the sizes of ice crystals
with protein isolates and concentrates are probably
due to differences in their molecular mass and,
as a result, the number of contacts of active protein
radicals with water molecules, which affects the
mobility of molecules, and during freezing, the
number of water crystallization centers. The different
dispersity of the air phase of the samples obtained
under conditions of unregulated air supply to the
freezer is largely due to their different overrun,
as well as the viscosity of the mixture. The sample
with MPI (with the least overrun) corresponded to
the control sample to the greatest degree in terms
of the dispersion of the air phase, and to the least
degree — with NWPI (the highest viscosity).

Textural Analysis

It was found that the replacement of MSNF in ice
cream with concentrates and isolates of milk and
whey proteins leads to significant changes in the
indicators characterizing the texture (Table 9).
The obtained data about using MPC in ice cream
correlate with results got by Roy et al.*® The results
of using WPC are opposite to the results got by
El-Zeini et al.* The diistinction of values can
be explained by the difference of the overruns
of the samples.

Table 7: Parameters of air bubbles

Sample D.... (um) D, (um) D, ., (um) a b R2

Cs 32+13 28 28 3.65 0.12 0.93
MPls 32+15 22 29 3.62 0.13 0.98
MPCs 3517 26 32 3.56 0.12 0.98
NWPIs 38+16 28 34 3.45 0.10 0.97
WPCs 35+20 27 30 3.54 0.12 0.98

Dmean - mean size, Dm - mode, Dmed - median, a,b - coefficients of equation (2),

R2 - coefficient of determination
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Fig. 3: Air bubble size distributions in ice cream samples
Table 8: ANOVA for mean size of air bubbles
Compared samples P
Cs - MPIs 0.999
Cs - MPCs 0.161
Cs - NWPIs 2.0x10*®
Cs - WPCs 0.089
MPIs - MPCs 0.284
MPIs - NWPIs 4.6%x10°
MPIs - WPCs 0.204
MPCs - NWPIs 0.188
MPCs - WPCs 0.999
NWPIs - WPCs 0.085
Table 9: Textural analysis
Sample Fracture Hardness Adhesive Adhesiveness Rigidity
force (g) (9) force (g) (gs) (9)
Cs 2117 68080 -38+6 -110+27 250+35
MPIs 95434 2140+130 -120+14 -620+86 980+290
MPCs 77454 20004200 -75+17 -280493 930+240
NWPIs 27134 890181 -47+9 -160+33 300+110
WPCs 52430 68077 -33+7 -82+36 280+72

The significance of differences is determined by the results of the ANOVA analysis, shown in Table 10.
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A significant difference was found in the hardness of
MPCs, MPIs and NWPIs compared to the Cs control.
The hardness of the MPCs and MPIs samples did
not differ significantly, but its value in these samples
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was more than 2 times higher compared to the Cs
sample. The hardness of the NWPIs sample is 30%
higher than that of the control one.

Table 10: ANOVA for textural analysis

Compared Fracture Hardness Adhesive Adhesiveness Rigidity
samples force (g) (9) force (g) (gs) (9)

Cs - MPIs 3.5x10® 9.5x101° 6.9x10® 1.8x10® 4.7x10°
Cs - MPCs 4.1x107? 4.3x10° 5.0x10+ 3.9x10+ 2.7x10°
Cs - NWPIs 0.722 5.6x10°% 6.9%x102 4.8x10° 0.353
Cs - WPCs 6.0x102 0.896 0.139 0.126 0.374
MPIs - MPCs 0.661 0.310 3.2x10 3.5x10° 0.760
MPIs - NWPIs 5.5x107? 4.3x10° 6.9x107 1.7x10® 1.2x10*
MPIs - WPCs 0.129 8.0x101° 2.2x107 8.8x10® 2.3x10*
MPCs - NWPIs 0.157 7.1x10° 5.0x10°% 5.5x10® 5.6x10°
MPCs - WPCs 0.402 3.9x10° 3.3x10* 2.4x10* 1.3x10*
NWPIs - WPCs 0.281 4.5x10° 1.2x10? 6.3x10* 0.738

The value of the “adhesive force” indicator, due
to the intermolecular interaction of the surfaces
of the product and the measuring device, was
characterized by the highest value in the samples
of Cs and WPCs. Compared with the Cs sample,
the WPCs and NWPIs samples showed similar
adhesive strength values. The samples of MPCs
and MPIs showed lower adhesive force values.
Significant differences were found in the stiffness
of the MPCs and MPlIs ice cream samples relative
to the Cs sample. The Cs, NWPIs, and WPCs
samples were not significantly distinct from each
other. In turn, the samples of MPCs and MPIs were
similar in terms of stiffness. The stickiness index
had significant differences in the MPCs, MPIs and
NWPIs samples relative to the control sample. There
were no significant differences in this parameter
between Cs and WPCs samples. When evaluating
the breaking force, a significant difference was found

between the Cs sample and the MPCs and MPIs
samples. At the same time, no significant differences
were found between the samples of WPCs, MPCs,
MPIls, and NWPls.

In all samples, compared with the control,
a stronger consistency and structure was formed.
The breaking force, hardness, adhesive force,
stickiness and stiffness have increased. This is due
to the achievement of a higher mass fraction of
protein in the product (5 % in the NWPIs, MPCs, and
MPIs samples and 3.4% in the Cs control sample),
an important function of which is the formation
of strong structures upon interaction with water.
A particularly noticeable strengthening of the
structure occurred in samples with MPC and MPI
containing the active structure former casein.

Table 11: Sensory indicators of ice cream

Indicators Sample

Cs MPls MPCs NWPIs WPCs
Taste and aroma 5.6+0.1 5.4+0.1 5.60.1 5.60.1 5.7+0.1
Structure and consistency 2.610.1 2.7+0.1 2.610.1 2.610.1 2.810.1
Color and appearance 1.0 1.0 1.0 1.0 1.0
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Sensory Evaluation

Table 11 provides the results of the sensory
assessment of all ice cream samples. The structure
and consistency of the sample with WPC received
the highest rating — 2.8 points out of 3.0 possible.
Samples with MPI and NWPI had a dense
consistency, which correlates with the results
of determining the hardness, samples with MPC and
WPC were creamy, which correlates with overrun
values (higher than that of the sample with MPI).
It was found that the milky taste characteristic of ice
cream was felt in MPC and WPC samples.

Structure in all samples without perceptible ice
crystals. Sensory assessment of the state of the
structure and consistency did not reveal noticeable
differences between the control sample and samples
with isolate concentrates and protein concentrates,
which correlates with instrumental studies of texture
indicators. However, the WPC ice cream sample
received the highest rating.

Conclusions

The use of concentrates and isolates leads to
a decrease in titratable acidity and the ability
of the mixture to saturate with air (overrun) and
an increase in cryoscopic temperature. The glass
transition temperature in the samples did not
differ significantly. In terms of the dispersion of ice
crystals, the samples with isolates (NWPI and MPI)
did not differ largely from the control sample, and
the samples with protein concentrates (MPC and
WPC) were noticeably inferior to it in this indicator.
The sample with MPI corresponded to the control
sample to the greatest extent in terms of dispersion
of the air phase, and to the least degree, to the
sample with NWPI. According to this indicator,
samples with concentrates (MPC and WPC) were
noticeably inferior to the control, but did not differ
from each other. Compared to the control sample,
there was a significant increase in hardness,
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adhesive strength and stiffness in samples with MPC
and MPI. When sensory assessed in samples with
MPI and NWPI, a dense consistency was noted,
which correlates with the results of determining
the hardness, samples with MPC and WPC had a
creamy consistency. Sensory perceptible ice crystals
were not found in all samples.

According to our results, replacing milk solids-not-fat
with milk and whey protein concentrates and isolates
may be an effective way to increase protein content
inice cream to improve its functional properties while
maintaining or improving its sensory properties.
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