459

Journal of Chemistry and Technologies, 2026, 34(2), 459-467

Journal of Chemistry and Technologies

J pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

journal homepage: http://chemistry.dnu.dp.ua

editorial e-mail: chem.dnu@gmail.com

UDC 664.8/9:637.344
IMPROVING THE QUALITY OF FINISHING CREAMS BASED ON LOW-FAT CREAM BY

OPTIMIZING STRUCTURAL AND MECHANICAL PROPERTIES

Oleksii 0. Kotov*!, Andrii G. Farisieiev?, Ruslan Ye. Slobodniuk?, Nataliia V. Kondratiuk!
10les Honchar Dnipro National University, 72 Nauky Ave., Dnipro, 49010, Ukraine
2Dnipro Technological and Economic Vocational College, 33 Aviatsiyna St, Dnipro, 49017, Ukraine
Received 25 February 2026; accepted 19 May 2026; available online 20 June 2026

Abstract

Reducing the mass fraction of fat in creamy finishing creams is a relevant direction for the development of healthier
confectionery products. However, it is accompanied by a deterioration in rheological characteristics, a decrease in
dimensional stability and an increase in syneresis. The aim of the work was to improve the quality of finishing
creams based on low-fat cream by optimizing structural and mechanical properties through improving the recipe
and mechanical processing modes. The effect of hydrocolloids, namely gelatin, xanthan gum, guar gum and high-
methoxyl pectin, as well as milk protein ingredients, including sodium caseinate and skimmed milk powder, on
viscosity, dimensional stability, syneresis and the stability of the emulsion-foam structure of the cream was studied.
It was shown that reducing fat from 30 % to 12 % without stabilization leads to a significant decrease in viscosity
and an increase in the tendency to whey separation. The best technological effect is provided by the combined
system "gelatin + guar gum + sodium caseinate”, which brings the structural parameters closer to the control
sample and reduces syneresis to 1.3 % after 72 h of storage at (4+2)°C. The optimal whipping mode is set to 6 min at
1200-1400 rpm, which provides a balance between overrun and foam stability. The results can be used in
confectionery production to create low-calorie creams without losing the organoleptic profile of the product.
Keywords: butter cream; low-fat cream; hydrocolloids; sodium caseinate; rheology; syneresis; dimensional stability;
whipping; food emulsions; food foams.

MOKPAILIEHHA AKOCTI 03/10B/JII0BAJILHUX KPEMIB HA OCHOBI BEPILIKIB 3 HU3bKUM
BMICTOM >KUPHOCTI LIUIAXOM OITHUMI3ALII CTPYKTYPHUX TA MEXAHIYHUX
BJIACTUBOCTEM
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AHoTalisa

3MeHLIeHHA MAacoBOi YaCTKH »KHUPY B BEPIIKOBUX 03/006/110Ba/IbHUX KpeMax € aKTya/IbHUM HANpsIMKOM PO3POGKH
6isibII  340POBUX KOHAUTEPCHKMX BHUPOG6iB. OJHAK @ CynpoBOJKYETbC MNOTipIIeHHAM PpPeoJIOTiYHUX
XapaKTepPUCTHK, 3HWKEHHSIM pO3MipHOI cTaGi/IbHOCTI Ta 36i/JblIeHHS M cuHepe3ucy. MeTow poGoTu O6yJi0
NMOKpalleHHs SIKOCTi 03406/110Ba/IbHUX KpeMiB Ha OCHOBIi 3He>KMpPEeHUX BepILIKiB IJIAXOM ONTHMi3anii CTPyKTypHO-
MeXaHiYHUX BJIACTMBOCTEHl 3a paxXyHOK Y/JOCKOHaJleHHA peLenTypd Ta peXuMiB MexaHiuHoi 0GpOGKHM.
JocinigkeHuii BIUIMB TiJpOKOJIOiAiB, a caMe JKeJATHHY, KCaHTAaHOBOi KaMeJi, ryapoBoi KaMmeAi Ta
BHCOKOMETOKCH/JIOBAHOT' 0 IEKTHHY, a TAKOXK iHrpeAi€HTiB M0JI0YHOr 0 6i/IKa, BK/II0Yal04y KadeiHaT HaTpilo Ta cyxe
3He)KMpeHe MOJIOKO, Ha B'fI3KICTb, PO3MipHY CTa6i/JibHiCTb, CHHepe3MC Ta CTaGiJbHICTh eMyJIbCiHHO-NiHHOI
CTPYKTYpH BepuiKiB. [lokasaHo, 10 3MeHIIeHHs Xupy 3 30 % A0 12 % 6e3 crabinizanii NnpU3sBOAUTL A0 3HAYHOTO
3HIKEHHSI B’A3KOCTi Ta 36i/IbIIeHHsA CXWIBHOCTI A0 BijgaisieHHs cupoBaTku. Halikpammii TexHosioriuHuii edpekr
3a6e3neyye KOMGiHOBaHAa CHCTEMa <«GKeJIATMH + ryapoBa KaMeAb + Ka3eiHaT HaTpilo», AKa HaGJMKA€E CTPYKTYPHi
napamMeTpu A0 KOHTPOJIBHOTO 3pa3Ka Ta 3HMXKye cuHepe3uc Ao 1.3 % micas 72 rop 36epiranHs 3a (4%2) °C.
OnTUMaJIbHUM peKUM 36MBaHHA BCTAHOBJIEHO HA 6 XB 32 1200-1400 06/xB, 10 3a6e3ne4ye 6aaHC MiXK nHepe6irom
Ta crifikicTio nmiHU. Pe3y/bTaTM MOXYTh GYTH BHMKOPHCTaHIi B KOHAUTEPCbKOMY BUPOGHUITBI JJisi CTBOpEHHS
HHM3BKOKaJIOpiiHMX KpeMiB 6e3 BTpaTH OpraHoJIeNTUYHOro npodiio NpoaAyKTy.

Karouosi caoea: BeplIKOBUM KpeM; 3HEXKUPEHi BepIUKHU; TipoKoJIoIAY; Ka3eiHaT HATPilo; peoJsoris; cuHepe3uc; po3MipHa
CTabi/NIbHICTh; 30MBaHHS; Xap4u0Bi eMyJibCii; XapyoBi MiHU.
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Introduction
Finishing creams (creamy masses for filling,
layering and decorating) belong to

multicomponent food disperse systems, in which
the processes of emulsification (formation of

“fat-water”), foaming  (introduction and
stabilization of air bubbles) and structure
formation (transition into a semi-solid
viscoelastic  matrix) are simultaneously

implemented. Functionally, such systems should:
(a) be easy to form during deposition, (b)
maintain the relief and shape of the decorative
elements, (c) have a pleasant creamy texture, (d)
remain stable over a long period of time and
despite  temperature fluctuations in the
“producer-logistics-consumer” chain. From the
standpoint of colloidal chemistry, finishing
creams are highly dispersed emulsion-foam
systems with a dominant role of the interfacial
surface, and their quality is determined by the
rheology of the continuous phase, the parameters
of the dispersed phase and the strength of the
interfacial films [1-5].

In classical formulations, the main structural
factor is the fat phase. Partially crystallized fat
globules are capable of aggregation and partial
coalescence, forming a framework that
strengthens the walls of air bubbles and provides
high viscoelasticity of the cream. That is why
increasing the fat content usually facilitates the
production of shape-stable creams. However,
excess fat increases the energy value and
contradicts the trend of its reduction in the diet,
which is confirmed by modern review works on
the evolution of whipped cream and cream
formulations [6].

Reducing the mass fraction of fat in creams
(for example, using 10-12 % cream instead of
30-35%) causes a number of technological
problems: a decrease in viscosity and yield point,
deterioration of plasticity, a decrease in the
ability to retain air (reduction of overrun), an
increase in the drainage rate in the foam
structure, the appearance of syneresis
(separation of whey) and a reduction in the
permissible shelf life of decorated products [6-8].
Some of these phenomena are associated with the
fact that in low-fat systems the phase ratio
changes and the number of fat globules that can
participate in the mechanism of partial
coalescence decreases [5; 9; 10].

In light of this, technological optimization of
low-fat creams involves the creation of
alternative structure-forming potential due to
hydrocolloids, proteins and their complexes.

Hydrocolloids perform the functions of
thickeners, gelling agents and stabilizers,
reducing the mobility of the aqueous phase and
slowing down the processes of coalescence and
drainage [11-13]. Milk proteins, in particular
caseinates, act as effective surfactants that
stabilize the interfacial surface and can interact
with polysaccharides to form complexes that
increase the stability of emulsions [14-18].

In addition to the recipe, the key factor in the
formation of the structure is the mechanical
processing mode: the intensity and duration of
whipping, temperature and the order of adding
components. It is the technological parameters
that control aeration, bubble size and dispersion
of the fat phase. Therefore, an integrated
approach that combines the optimization of the
stabilization system and whipping modes is the
most justified for creating low-fat finishing
creams with prolonged quality.

Fat reduction in milk and cream systems has
technological consequences. Reducing the fat
content changes the phase ratio and structure of
the dispersed system. In the case of whipped
cream, partial coalescence of fat plays a key role:
the presence of fat crystals on the surface of the
drops contributes to the “adhesion” of the drops
to each other, the formation of aggregates and the
creation of a spatial network that stabilizes the
foam [1-3]. Current studies show that the
processes of partial coalescence, the distribution
of fat crystals in the drops and the protein
composition of the interfacial film can change
during whipping and after reaching the end point,
causing both an improvement and a deterioration
in stability [19]. A 2024 study on whipped cream
highlights that the search for low-fat
formulations requires simultaneous control of
the emulsion and foam components and is
sensitive to the composition of additives [6].

Hydrocolloids as stabilizers and “fat
substitutes” are widely used in the dairy industry
as thickeners, gelling agents and stabilizers.
Review works from 2023-2025 systematize the
role of polysaccharides (xanthan, guar, pectin,
carrageenan, alginates, starches, etc.) in shaping
the texture and stability of low-fat products, as
well as their effect on the sensation of
“creaminess” in the mouth [11-13; 20]. From a
technological point of view, the following are
especially important for creams: (a) the ability to
increase viscosity at low concentrations, (b)
pseudoplasticity (easy settling upon shear and
restoration of the structure after it), (c) water-
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holding capacity (reduction of syneresis), (d)
compatibility with milk proteins and sugar.
Xanthan gum provides high thickening
efficiency and pronounced pseudoplasticity,
which is useful for finishing creams that must be
“soft on deposit” and “hard after molding”. Guar
gum is effective as a thickener and shows synergy
with other polysaccharides. Pectin, in addition to
thickening, is able to interact with caseinates and
affect interfacial stabilization. Gelatin forms
thermoreversible gels and can increase the
elasticity of the cream structure, but with the

wrong hydration regime it can cause
inhomogeneity.
Combinations of milk proteins with

polysaccharides are considered as a promising
tool for stabilizing emulsions and foams. The
caseinate-pectin system is actively studied as a
model of a protein-polysaccharide complex: it
has been shown that the order of addition, pH
conditions and ionic strength can significantly
affect the interfacial properties and stability of
emulsions [14-16]. Studies in 2024 demonstrate
that caseinate/pectin complexes are able to form
more stable emulsions and can be regulated by
technological influences (in particular
ultrasound) to achieve the required dispersion
[15]. In the context of low-fat creams, it is
important that such complexes can: (a) enhance
adsorption at the phase boundary, (b) increase
the elasticity of the interfacial film, (c) reduce
coalescence, (d) increase the viscosity of the
continuous phase and the yield point [21; 22].

Foams in food systems are degraded by
drainage (liquid run-off), bubble coalescence, and
Ostwald ripening. A review of the physics of foam
systems emphasizes the role of continuous phase
rheology: increasing viscosity and the appearance
of a yield point can significantly reduce the rate of
drainage and increase foam stability [23]. For
creams, this means that stabilizers must increase
the viscoelasticity of the films between the
bubbles and create a matrix that retains water.

Thus, the literature analysis indicates that the
optimization of low-fat finishing creams should
be based on the combination of protein and
polysaccharide stabilizers and the precise
selection of technological whipping modes.

The aim of this study is to improve the quality
of finishing creams based on low-fat cream by
optimizing their structural and mechanical
properties through improved formulation and
mechanical processing parameters.

Experimental part

Raw materials and ingredients. The main raw
material used was normalized drinking cream
with a fat mass fraction of 12 %, obtained by
separating pasteurized cow’s milk. The control
sample was prepared according to the classic
recipe for butter cream with a fat mass fraction of
30 %. To modify the structural and mechanical
properties of the low-fat cream system, the
following hydrocolloids were used: food gelatin
at 0.8 %, xanthan gum at 0.15 %, guar gum at
0.20 %, and high-methoxyl pectin at 0.50% of the
total formulation weight. Skimmed milk powder
was added at 4.0 %, while sodium caseinate, used
as a protein emulsifier and interfacial stabilizer,
was introduced at 1.0 % of the total formulation
weight. These concentrations were selected on
the basis of preliminary technological trials and
literature data on the ability of hydrocolloids and
protein-polysaccharide systems to increase the
viscosity of the continuous phase, improve water
retention and stabilize emulsion-foam food
systems [14-16]. The sweetening component was
granulated sugar; aroma and taste were adjusted
with vanillin or food flavouring.

The choice of cream with a fat mass fraction of
12 % as the baseline experimental level was
technologically justified by the need to model a
low-fat finishing cream with a substantially
reduced fat phase compared with the traditional
30 % fat control. At this fat level, the contribution
of partially coalesced fat globules to foam
stabilization is markedly reduced, which makes it
possible to clearly evaluate the structure-forming
effect of hydrocolloids and milk proteins. At the
same time, 12 % cream remains a technologically
realistic dairy base that can be whipped and
incorporated into confectionery cream
formulations without complete loss of the
characteristic creamy sensory profile. Therefore,
this fat level was selected as a compromise
between nutritional fat reduction and the
preservation of technological applicability in
finishing cream production.

Experimental design. The study was
conducted in three stages: (I) selection of
stabilization systems and comparison of their
effectiveness in creams with a fat mass fraction of
12 %; (II) establishment of the influence of
whipping duration on structure formation for the
most effective stabilization system; and (III)
assessment of cream stability during storage at
(4+2)°C for 72 h. Four experimental low-fat
cream samples were prepared: sample No. 1
contained gelatin at 0.8 %; sample No. 2
contained xanthan gum at 0.15 %; sample No. 3
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contained guar gum at 0.20 % and high-methoxyl
pectin at 0.50 %; sample No. 4 contained gelatin
at 0.8%, guar gum at 0.20% and sodium
caseinate at 1.0 %. The control sample was
prepared using 30% fat cream without
additional stabilizers.

Sample preparation. The cream was cooled to
6-8 °C before whipping. Dry hydrocolloids and
protein ingredients were first mixed with
granulated sugar in order to improve their
dispersion and prevent agglomeration. Gelatin
was hydrated in cold water for 30 min and then
dissolved at 45-50 °C, followed by cooling to the
whipping temperature. Xanthan gum, guar gum
and pectin were dispersed in part of the aqueous
phase under intensive stirring for 10-15 min
until a homogeneous hydrated system was
obtained. Sodium caseinate and skimmed milk
powder were dissolved separately in the aqueous
phase at 35-40°C and then cooled to 6-8°C
before being added to the cream base. The
prepared cream mixtures were kept for 20 min at
6-8 °C to complete hydration and temperature
equilibration. Whipping was performed using a
planetary mixer at 1200-1400 rpm. The
whipping duration was varied from 2 to 10 min
depending on the experimental stage.

Methods of analysis. The mass fraction of
moisture was determined by drying to constant
mass according to DSTU ISO 5537:2022 [24].
Titratable acidity was determined by the
titrimetric method according to DSTU ISO
6091:2010 [25]. Apparent viscosity was
measured using a Brookfield-type rotational
viscometer at 6 +1°C after 10 min of sample
temperature equilibration. Measurements were
performed at a constant spindle speed, and the
results were expressed in Pa-s as the mean value
of three parallel determinations. Dimensional
stability was evaluated by depositing equal
portions of cream in the form of standard relief
elements and determining the percentage of
shape retention after 60 min at 20+2 °C. Overrun
was calculated from the change in sample volume
before and after whipping using the formula:
overrun (%) = [(V2 - V1) / V1]x100, where V; is
the initial volume of the cream mixture and V, is
the volume after whipping. Foam stability was
determined as the percentage of retained foam
volume after holding the whipped sample for 60
min at 20%2 °C. Syneresis was determined after
storage at (4%2) °C by separating the released
liquid and expressing it as a percentage of the
initial sample mass. Microstructural observations
were performed by light microscopy at 100x

maghnification to assess the visual distribution of
fat droplets, air bubbles and aqueous channels in
the cream matrix [9; 17; 26-29].

Organoleptic evaluation was carried out on a
five-point  scale based on appearance,
consistency, taste and aroma.

Statistical analysis. Each determination was
performed in triplicate (n=3). Results are
presented as mean * standard deviation (mean *
SD). Parametric criteria (t-test/ANOVA) were
used to compare groups at p<0.05. Data
processing was performed in Microsoft
Excel/statistical packages.

Additional approaches to the interpretation of
rheological data. To describe the flow of
dispersed food systems, it is advisable to use
viscoplastic flow models (e.g., Bingham or
Herschel-Bulkley), which allow estimating the
yield stress 1o, the consistency coefficient K, and
the flow index n. This requires viscosity
measurements at several shear rates (or at
several spindle speeds). The obtained parameters
are technologically informative: to correlates
with dimensional stability and the ability to
retain relief, while n reflects the degree of
pseudoplasticity, which is important for the
settling process [23;26-28]. Within the
framework of this study, the dynamic viscosity
index was used for comparative assessment, but
the presented approach is recommended for
expanding the experiment in further work.

Results and their discussion

A decrease in the mass fraction of fat in
creams leads to a decrease in the specific fraction
of the dispersed phase and a weakening of the
foam stabilization mechanisms associated with
partial coalescence of fat This is reflected in a
decrease in viscosity, deterioration of plasticity
and an increase in syneresis [4; 6-8]. Therefore,
at the first stage, a series of experimental samples
of cream with a fat content of 12 % with different
stabilization systems was formed and their
influence on rheological parameters was
compared.

Comparative data are summarized in Table 1.
Mono-ingredient systems (gelatin or xanthan
gum) partially restore viscosity and dimensional
stability, but do not provide a sufficient reduction
in syneresis. The most balanced indicators were
obtained for the combined system (gelatin + guar
gum + sodium caseinate), which indicates the
synergy of the protein stabilizer and
polysaccharide structure-forming agents. Such
synergy is consistent with modern ideas about
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the role of protein-polysaccharide complexes in

the stabilization of emulsions [14-16; 21; 22].
Table 1

The influence of stabilization systems on the quality of low-fat creams (fat mass fraction 12%, n=3)

Sample Stabilization system Viscosity, Pa's Dimensional Syneresis, %
(mean+SD) stability, % (mean+SD)
(mean#SD)
Control (30% fat) No additives 5.26+0.08 93.2+1.3 0.03%0.05
Nel Gelatin 3.85+0.13 80.5+2.5 4.3320.41
Ne2 Xanthan gum 4.19+0.15 84.1+1.3 2.57+0.25
Ne3 Guar gum + pectin 4.58+0.09 89.0+1.1 1.54+0.04
Ne4 Combined (gelatin + guar + 4.71£0.20 91.7+0.9 0.76£0.05

caseinate)

The data in Table 1 show that the combined
stabilization system No. 4 provided the closest
structural and mechanical characteristics to the
control sample. For additional visualization, Fig. 1
presents the viscosity of the cream samples, since
this indicator is the key technological parameter
determining deposition behaviour and resistance

to deformation. Sample No. 4 reached a viscosity
of 4.71+0.20 Pa-s, which was only 5.8% lower
than that of the control sample with 30 % fat.
This confirms that the combination of gelatin,
guar gum and sodium caseinate compensates for
the technological losses caused by reducing the
fat mass fraction from 30 % to 12 %.
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Fig. 1. Viscosity of cream samples depending on the stabilization system

Mechanistically, the effect of the combined
system is explained by the fact that sodium
caseinate adsorbs at the “fat-water” interface and
forms a stable interfacial film, while gelatin and
guar gum increase the viscosity of the continuous
phase and can form a spatial matrix that reduces
the drainage rate in the foam structure. As a
result, the viscoelasticity of the system increases,
coalescence is suppressed, and syneresis is
reduced [14-16; 23].

Mechanical processing (whipping) is a critical
stage in the production of finishing creams, as it
determines the degree of fat dispersion, the
intensity of air saturation (overrun), the size of
bubbles and the quality of interfacial films.

Excessive intensity or duration of whipping may
lead to destruction of the protein-polysaccharide
matrix, coalescence of fat globules and
sedimentation of the foam, which is manifested
by thinning and loss of decorative properties.

The study was conducted on sample No. 4
with the optimal stabilization system. At a fixed
whipping speed of 1200-1400 rpm, the duration
of whipping was varied within 2-10 min. The
viscosity, overrun and foam stability indicators
are summarized in Table?2, while Fig.?2
additionally visualizes foam stability as the most
sensitive indicator of the balance between
aeration and structural resistance.
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Table 2
Dependence of rheological and foaming parameters on the duration of whipping (sample N24, n=3)

Beating duration, Viscosity, Pa's Overrun, % Foam stability, % Consistency
min (mean+SD) (mean+SD) (mean+SD) description
2 3.70£0.11 17.7+£0.2 72.2+0.6 Under-beaten
4 4.45+0.16 32.2+0.9 85.1+x1.4 Homogeneous, fluffy
6 4.88+0.10 38.3£0.4 92.621.4 Optimal
8 4.65+0.15 39.3+0.9 88.8+1.2 Start of reprocessing
10 4.24+0.08 35.7+1.5 82.1+0.7 Signs of thinning
95 A = Control
¢ —_— N2
@ ~ | — N2
- MNe3
ao ,_\. N24
S g5 4
)
Q
S
+ 801
‘w
e
E 754
4]
o
LL.
70 -
65
2 3 4 5 6 7 8 9 10
Beating duration, min
Fig. 2. Effect of whipping duration on foam stability
At 2 min, the cream has insufficient The stability of finishing creams during
aeration, reduced viscosity and foam storage is critical for preserving the
stability, which is consistent with the decorative properties of the products. The

mechanism of incomplete formation of the
interfacial structure. At 4-6 min, an increase
in overrun and viscosity is observed, as well
as maximization of foam stability. The
optimal interval is 6 min, when the highest
foam stability is achieved with sufficient
viscosity and a homogeneous consistency.

A further increase in duration to 8-10 min
tends to reduce the viscosity and foam
stability, which can be interpreted as the
beginning of overprocessing: some of the air

bubbles coalesce, redistribution of the
aqueous phase occurs, and protein-
polysaccharide structures undergo

mechanical destruction. Similar conclusions
are consistent with literature data on the
sensitivity of food foams to the rheology of
the continuous phase and technological
parameters of whipping [23].

main undesirable phenomena are syneresis,
shrinkage, loss of elasticity and “smearing” of
the relief. In low-fat systems, the risk of
syneresis increases due to the relative
increase in the proportion of the aqueous
phase and the decrease in the structure-
forming role of fat [6-8].

Syneresis was evaluated for the control
and experimental samples during 72 h of
storage at (4+2)°C (Table 3). The results
show that single-component stabilization
systems, namely gelatin or xanthan gum, did
not provide sufficient moisture retention:
whey release was observed after 24 h and
progressed over time. The combined system
No. 4 demonstrated the best stability and
provided minimal whey release even after
72 h of storage.
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Table 3
Dynamics of syneresis during storage at (4+2)°C (n=3)

Sample Fat content, % Syneresis 24 h, % Syneresis 48 h, % Syneresis 72 h, %
(mean+SD) (mean+SD) (mean+SD)
Control (30% fat) 30 0.02+0.03 0.05+0.06 0.05+0.05
Ne1 (gelatin) 12 2.45+0.13 4.10£0.40 6.32+0.88
Ne2 (xanthan) 12 1.83+0.02 3.41+0.36 4.71£0.22
Ne3 (guar + pectin) 12 1.13+0.06 2.100.04 3.03%0.21
N24 (combination) 12 0.38+0.02 0.71+0.07 1.25+0.09

The dynamics of syneresis presented in Table
3 demonstrates that samples No. 3 and No. 4 had
substantially lower whey separation during
storage compared with single-component
stabilization systems. The best result was
obtained for sample No. 4, in which syneresis
after 72 h was only 1.25+0.09 %. This confirms
the advantage of combined structure-forming
systems based on the interaction of hydrocolloids
and milk proteins. The obtained results are
consistent with modern studies indicating that
protein-polysaccharide interactions can increase
the elasticity of interfacial films, improve water
retention and reduce liquid migration in
emulsion-foam food systems [4; 9; 14-16; 23].

From a practical point of view, this means that

technological window for using cream and reduce
the risk of finished products being rejected due to
the instability of the decor.

For technological practice, it is important to
understand the relationship between rheological
parameters and cream stability. In low-fat
systems, an increase in the viscosity of the
continuous phase usually correlates with a
decrease in the drainage rate in the foam
structure and a decrease in syneresis [23]. Fig. 3
presents the relationship between viscosity and
syneresis after 72 h of storage. This figure is
retained as an analytical visualization because it
does not duplicate a single table directly, but
summarizes the relationship between two
technological indicators.

confectionery manufacturers can extend the
—a—]
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Fig. 3. Dependence of syneresis after 72 h of storage on the viscosity of cream samples

At the same time, excessive viscosity increase

stabilization system. In samples No. 1 and No. 2,

can complicate whipping and reduce overrun due larger air inclusions and visually uneven
to limited air dispersion. Therefore, optimization  distribution of the dispersed phase were
should consider the trade-off between aeration observed, which corresponded to higher

ability and foam stability. Sample No.4
demonstrates the most balanced properties:
sufficient viscosity for stability and at the same
time the ability to form a fluffy structure at 6 min
of whipping.

Light microscopy observations confirmed
qualitative differences between the control,
single-stabilizer samples and the combined

syneresis values during storage. In sample No. 4,
the cream matrix was more homogeneous, with a
more uniform distribution of air bubbles and
fewer visually detectable aqueous channels.
These observations support the experimentally
established reduction in syneresis and
improvement in dimensional stability for the
combined system.
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At the same time, the present study provides
only qualitative microscopic observations.
Therefore, the proposed stabilization mechanism
should be interpreted as a technologically
substantiated explanation rather than a fully
quantified microstructural model. Based on the
obtained rheological and storage stability data, as
well as literature evidence on protein-
polysaccharide complexes [14-16], it may be
assumed that the key factors in sample No. 4
were: (1) improved interfacial stabilization due
to sodium caseinate; (2) increased viscosity and
water-binding capacity due to gelatin and guar
gum; and (3) formation of a cooperative protein-
polysaccharide network limiting coalescence and
water migration. Further studies should include
quantitative image analysis of bubble and fat
droplet size distribution.

Conclusions

Based on the experimental data obtained, a set
of technological approaches to improving the
quality of low-fat finishing creams was
substantiated. It was established that reducing
the mass fraction of fat in creams to 12 % without
the use of stabilization systems leads to a
deterioration in rheological properties and an
increase in syneresis, which significantly limits
the possibility of their use as finishing.

It was shown that the use of combined
stabilization systems, in which the protein
component (sodium caseinate or skimmed milk
powder) provides stabilization of the interphase

References

[1] Xie, P, Ji, G, Jin, J., Xu, H.,, Zhang, L., Gao, Z, Fan, Q,
Chen, Y., Jin, Q, Wang, X. (2023). Partial coalescence
and whipping capabilities of dairy aerated emulsions
as affected by inclusion of monoglycerides with
different fatty acid species. International journal of
Dairy Technology, 76(1), 81-92.
https://doi.org/10.1111/1471-0307.12921.

[2] Dabo, K. F., Chéné, C, Fameau, A.-L., Karoui, R. (2024).
Whipping Creams: Advances in Molecular Composition
and Nutritional Chemistry. Molecules, 29(24), 5933.
https://doi.org/10.3390/molecules29245933.

[3] Chen, W, Deng, Z., Shen, Q. Ye, S, Li,]., Li, B, Liang, H.
(2025). Formation mechanism of whipped cream
without low-molecular-weight emulsifiers: Fat partial
coalescence dynamics and interfacial protein
profiling. Food Hydrocolloids, 112135.
https://doi.org/10.1016/j.foodhyd.2025.112135.

[4] Murray, B.S. (2020). Recent developments in food
foams. Current Opinion in Colloid & Interface Science,
50,101394.
https://doi.org/10.1016/j.cocis.2020.101394.

[5]1 Gao,Z, Xu, H, Fan, Q, Xie, P, Jin, Q., Wang X, Jin,].
(2024). Effects of fat unsaturation degree on whipping
performance and foam stability of fat-reduced aerated
emulsions. International Journal of Food Science &

surface, and hydrocolloids form the matrix of the
continuous phase, allows significantly improving
the structural and mechanical characteristics of
creams. The most effective composition was
found to be the combined stabilization system
containing gelatin at 0.8 %, guar gum at 0.20 %
and sodium caseinate at 1.0 % of the total
formulation weight. This system provided
viscosity and dimensional stability values close to
those of the control sample and reduced whey
release to 1.25+0.09 % after 72 h of storage at
(4+2) °C.

It has been proven that the quality of the
cream significantly depends on the mechanical
processing modes: the optimal combination of
overrun, foam stability and viscosity indicators is
achieved under the condition of complete
preliminary hydration of the stabilizers,
maintaining the whipping temperature of 6-8 °C
and the duration of whipping for about 6 min at a
speed of 1200-1400rpm, while further
intensification of the process causes signs of
overprocessing.

A summary of the results confirms the
advisability of adopting a comprehensive
approach to optimizing low-fat finishing creams,
combining the rational selection of combined
protein-polysaccharide stabilizing systems with
the optimization of process parameters, which
play a key role in ensuring the stability of the
product’s decorative properties, especially over a
long shelf life.

Technology. 59(5), 3114-3125.
https://doi.org/10.1111 /ijfs.17054.

[6] Gafour, W., Aly, E. (2020). Organoleptic, textural and
whipping properties of whipped cream with different
stabilizer blends [pdf]. Acta Scientiarum Polonorum
Technologia Alimentaria, 19(4), 425-433.
https://doi.org/10.17306/j.afs.2020.0784.

[71 Chai, X, Su, Y, Liy, Y. (2025). Tailoring whipped cream
properties  through fat composition design:
Crystallization behavior and emulsion stability. Food
Chemistry, 146035.
https://doi.org/10.1016/j.foodchem.2025.146035.

[8] Rezvani, F., Abbasi, H., Nourani, M. (2020). Effects of
protein-polysaccharide interactions on the physical
and textural characteristics of low-fat whipped cream.
Journal of Food Processing and Preservation, 44(10).
https://doi.org/10.1111 /jfpp.14743.

[9] Athari, B., Nasirpour, A., Saeidy, S., & Esehaghbeygi, A.
(2021). Physicochemical properties of whipped cream

stabilized with electrohydrodynamic  modified
cellulose. Journal of Food  Processing and
Preservation, 45(9).
https://doiorg/10.1111 /jfpp.15688.

[10] W02019122135A1. Whipped cream and

manufacturing method. Brookfield viscosity method
and repeats.


https://doi.org/10.1111/1471-0307.12921
https://doi.org/10.3390/molecules29245933
https://doi.org/10.1016/j.foodhyd.2025.112135
https://doi.org/10.1016/j.cocis.2020.101394
https://doi.org/10.1111/ijfs.17054
https://doi.org/10.17306/j.afs.2020.0784
https://doi.org/10.1016/j.foodchem.2025.146035
https://doi.org/10.1111/jfpp.14743
https://doi.org/10.1111/jfpp.15688

467

Journal of Chemistry and Technologies, 2026, 34(2), 459-467

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

https://patents.google.com/patent/W02019122135A
1/en.

Zhao, Y, Khalesi, H,, He, ], Fang, Y. (2023). Application
of different hydrocolloids as fat replacer in low-fat
dairy products: Ice cream, yogurt and cheese. Food
Hydrocolloids, 138, 108493.
https://doi.org/10.1016/j.foodhyd.2023.108493.
Zhang, S, Ren,C, Wang C, Han,R, Xie, S. (2024).
Effects of hydrocolloids and oleogel on techno-
functional properties of dairy foods. Food Chemistry: X,
21,101215.
https://doiorg/10.1016/j.fochx.2024.101215.

Alam, M., Kaur,S., Dar,B.N, Nanda, V. (2025).
Classification, techno-functional properties, and
applications of diverse hydrocolloids in fruits-based
products: A concise review. Journal of Food Science,
90(3). https://doi.org/10.1111/1750-3841.70119.
Gao, Y., Liu, R, Liang, H. (2024). Food Hydrocolloids:
Structure, Properties, and Applications. Foods (Basel,
Switzerland), 13(7), 1077.
https://doi.org/10.3390/foods13071077.
Bricefio-Ahumada, Z., Mikhailovskaya, A, Staton,]. A.
(2022). The role of continuous phase rheology on the
stabilization of edible foams: A review. Physics of
Fluids, 34(3), 031302.
https://doi.org/10.1063/5.0078851.

Liy, Y., Liang Q., Liy, Y., Rashid, A, Qayum, A, Tuly, J. A,
Ma, H,, Miao, S., Ren, X. (2024). Sodium
caseinate/pectin complex-stabilized emulsion: multi-
frequency ultrasound regulation, characterization and

its application in quercetin delivery. Food
Hydrocolloids, 110316.
https://doi.org/10.1016/j.foodhyd.2024.110316.

Rudakova, T., Minorova, A, Moiseeva, L.,
Krushelnytska, N., Narizhnyy, S. (2023). [Scientific

approaches to the creation of technology structured
milk desserts with a combined composition of raw
materials]. Tehnologid virobnictva 1 pererobki produktiv
tvarinnictva, (2(182)), 128-136. (In Ukrainian).
https://doi.org/10.33245/2310-9289-2023-182-2-
128-136.

Telezhenko, L. M., Dzyuba, N. A, Oliinyk, M. L,
Sheludko, V. M. (2024). Research of factors influenced
on foam formation of protein hydrocolloids. Journal of
Chemistry and Technologies, 32(1), 223-232.
https://doi.org/10.15421/jchemtech.v32i1.288023.
McClements, D.J. (2015). Food Emulsions: Principles,
Practices, and Techniques, Third Edition (3rd ed.). CRC
Press. https://doi.org/10.1201/b18868.

Dickinson E. (2013). Stabilising emulsion-based
colloidal structures with mixed food ingredients.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Journal of the science of food and agriculture,
93(4), 710-721. https://doi.org/10.1002/jsfa.6013.
Mykhalevych, A., Polishchuk, G., Bandura, U, Osmak, T.,
Bass, 0. (2024). Determining the influence of plant-
based proteins on the characteristics of dairy ice
cream. Eastern-European Journal of Enterprise
Technologies, 4(11(130)), 6-15.
https://doi.org/10.15587/1729-4061.2024.308635.
Nooshkam, M., Varidi, M, Zareie, Z., Alkobeisi, F.
(2023). Behavior of protein-polysaccharide conjugate-
stabilized food emulsions under various destabilization
conditions. Food Chemistry: X, 100725.
https://doi.org/10.1016/j.fochx.2023.100725

Py, X, Yu, S, Cuj, Y, Tong, Z, Wang, C., Wang, L., Han, .,
Zhu, H., Wang, S. (2024). Stability of electrostatically
stabilized emulsions and its encapsulation of
astaxanthin against environmental stresses: effect of
sodium caseinate-sugar beet pectin addition
order. Current Research in Food Science,
100821. https://doi.org/10.1016/j.crfs.2024.100821.
ISO/IDF. (2022). Dried milk and dried milk products —
Determination of moisture content (Reference method)
(1SO 5537:2004, IDF 26:2004, identically adopted as
DCTU EN 150 5537:2022). Kyiv, Ukraine: UkrNDNC. (In
Ukrainian).

State Enterprise “Ukrainian Research and Training
Center for Standardization, Certification and Quality”.
(2010). Milk and milk products — Determination of
titratable acidity (DSTU ISO 6091:2010, identical to ISO
6091:2010 | IDF 86:2010). Kyiv, Ukraine: UkrNDNC. (In
Ukrainian).

Yin, M., Yang,D., Lai, S, Yang, H. (2021). Rheological
properties of xanthan-modified fish gelatin and its
potential to replace mammalian gelatin in low-fat
stirred yogurt. LWT, 147, 111643.
https://doi.org/10.1016/j.1wt.2021.111643.

Kang, M., Luo, D, Zhang, L., Zang, ]., Li, L., Xu, W. (2025).
Physical and Gastrointestinal Digestive Properties of
Sodium Caseinate Emulsions Regulated by Four
Different  Polysaccharides. Gels, 11(12), 968.
https://doi.org/10.3390/gels11120968.

Walstra, P, Walstra, P, Wouters, ].T.M. Geurts, T..
(2005). Dairy Science and Technology (2nd ed.). CRC
Press. https://doi.org/10.1201/9781420028010.
Brookfield Engineering. Technical references on
viscosity measurement (application note). 2017/2023.
https: //www.brookfieldengineering.com/-
/media/ametekbrookfield /tech-sheets/more-
solutions-2017.pdf.



https://patents.google.com/patent/WO2019122135A1/en
https://patents.google.com/patent/WO2019122135A1/en
https://doi.org/10.1016/j.foodhyd.2023.108493
https://doi.org/10.1016/j.fochx.2024.101215
https://doi.org/10.1111/1750-3841.70119
https://doi.org/10.3390/foods13071077
https://doi.org/10.1063/5.0078851
https://doi.org/10.1016/j.foodhyd.2024.110316
https://doi.org/10.33245/2310-9289-2023-182-2-128-136
https://doi.org/10.33245/2310-9289-2023-182-2-128-136
https://doi.org/10.15421/jchemtech.v32i1.288023
https://doi.org/10.1201/b18868
https://doi.org/10.1002/jsfa.6013
https://doi.org/10.15587/1729-4061.2024.308635
https://doi.org/10.1016/j.fochx.2023.100725
https://doi.org/10.1016/j.crfs.2024.100821
https://doi.org/10.1016/j.lwt.2021.111643
https://doi.org/10.3390/gels11120968
https://doi.org/10.1201/9781420028010
https://www.brookfieldengineering.com/-/media/ametekbrookfield/tech-sheets/more-solutions-2017.pdf
https://www.brookfieldengineering.com/-/media/ametekbrookfield/tech-sheets/more-solutions-2017.pdf
https://www.brookfieldengineering.com/-/media/ametekbrookfield/tech-sheets/more-solutions-2017.pdf

