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The results of studies of the influence
of temperature and density on the stability
of marshmallow

ABSTRACT

Relevance. The quality of products tends to be a core indicator of any enterprise activity defining its
competitiveness within market conditions to a great extent. Production of confectionery creams avoiding usage
of stabilizers, preservatives and trans fats is a promising direction being demanded by consumers. Stability
of the whipped mass within production and storage processes depends on the dynamics of the confectionery
foam destruction, which leads to degradation of whipped products form and volume. Stability and dimensional
stability of foam systems become key indicators of food products quality reflecting their major structural and
mechanical properties.

Methods. This article studies dependence of the stability (incl. dimensional stability) of cream marshmallow
on temperature and density. Through experimental path authors show influence of molasses temperature set
in line with recipe on the whipped cream density.

Results. Molasses temperature determines the temperature denaturation of egg whites, their bond and
forms a stable structure. The study of cream marshmallow samples obtained from molasses with a density
of 1.3 g/cm?, 0.9 g/cm? and 0.7 g/cm? established that lower density of molasses added in line with the
recipe forms a stronger and more stable structure of cream marshmallow.
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Pe3ynbTraTtbl UCCNea0BaHUN BANSHUS
TeMnepaTtypbl U NJIOTHOCTU HA CTaOMNIbHOCTb
3edpunpa

PE3IOME

AxTyanbHOCTb. KaiecTBO MpoAyKUMM SIBAISIETCS BaXHEMLWMM nokasaTefleM AesTenbHOCTM Ntoboro npea-
NpUATVS, Tak Kak B 3HAYMTENbHOM CTEeNeHV OnpeaensieT ero KOHKYPeHTOCNOCOBHOCTb B PLIHOYHBIX YC/IOBUSIX.
MpPon3BOACTBO KOHAUTEPCKUX KPEMOB 6€3 MCMOb30BaHWs CTabunM3aTopoB, KOHCEPBAHTOB M TPAHCXMPOB
nepcneKkT1BHO 1 BoCcTpeboBaHo notpebutensamm. CtabunbHOCTb COMBHO MacChl B MPOLLECCE NPOV3BOACTBA
1 XpaHeHWsi U3OENuii 3aBUCUT OT AVHAMIKMN PA3PYLLIEHNS KOHOUTEPCKOW NEHbI, B NPOLLECCE KOTOPOro Npowc-
XOUT yXyALEHNEe BHELLHEro Buaa COMBHOIO N3aenns 1 yMeHblueHne ero o6bema. CtabunbHOCTb U Gopmo-
YCTOMNYMBOCTb NEHHbIX CUCTEM SBASIOTCS BXHBIMM NOKa3aTENAMU KAYECTBA MULLEBLIX MPOAYKTOB, MOCKOJbKY
OTPaxartoT NX OCHOBHbIE CTPYKTYPHO-MEXaHNYECKIE CBOMCTRA.

MeTopabl. [peacTaBneHbl UCCNeA0BaHUS 3aBUCUMOCTM CTabUNIbHOCTM U HGOPMOYCTONYNBOCTU KPEMOBOMO
3edupa oT TemnepaTtypbl, NIOTHOCTU. ONbITHLIM NyTEM NOKa3aHO BAUsSIHME TemnepaTypbl BHOCMMOIA No pe-
LenType NaTokM Ha NNOTHOCTb B3GMTOrO Kpema.

Pe3ynbTtatbl. Temnepatypa natoku 06ycnoBAMBAET TEMNEPATYPHYIO eHaTypaumio SUYHbIX 6eNKoB, B3anM-
HOE UX NpUTSXeHUe U GOPMUPYET YCTONUMBYIO CTPYKTYPY. Mpun nccnefoBanuy 06pasLoB KpeMOBOro 3edu-
pa, NoMy4EeHHbIX NPY NCTOL30BaHUM NATOKM C MAOTHOCTHIO 1,3 r/cm3, 0,9 r/cm3 1 0,7 r/cM3, yecTaHoBNUAM, 4TO
npu 6o5ee HU3KOM MAOTHOCTU BHOCKMMOM MO peLenType natoku dopmupyeTcsa 6onee NpoYHas 1 ycTonumBas
CTPYKTypa KpeMoBoro 3edupa.

KnioyeBbie cioBa: KOHAMTEPCKAS MPOMbILLNEHHOCTb, KPEMOBEIV 3edurp, GOPMOYCTONYMBOCTb, NATOKA,
3aMKHYTBIN LMK NPOU3BOACTBA
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HUI BINSIHUS TEMMNepaTypbl M MIOTHOCTY Ha cTabunbHOCTL 3edupa. ArpapHas Hayka. 2023; 370(5): 98-102,
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Introduction / BBegeHue

The confectionery industry is a food industry of high-
capacity branch, aimedto provide high-quality confectionery
products to the population in sufficient volume and
assortment in order to form a varied and balanced dietary
structure [1].

Traditionally confectionery products are streamlined
into three main segments: sugary, starchy, chocolaty [2].
Manufacturers use various confectionery fillings to expand
the range of these confectionery groups. Depending on
raw material type confectionery fillings can be defined as —
fruity and berrylike, fat, praline, fondant, cream, honey,
liquor, milk, marzipan, butter-nut, whipped. In addition,
depending on the method of use, confectionery fillings can
be classified as:

+ thermostable, maintaining temperatures up to 240 °C
and retaining both taste and texture during freezing and
subsequent thawing;

» not thermostable, which are applied to final products.
In general such fillings represent a soft, adaptive, well
spreadable mass with a low melting point (less than
115°C) [3, 4].

It should be noted that major portion of confectionery
fillings consumed in Russia is produced within the domestic
market, the volume of import does not exceed 5%. Leading
position in a wide variety of confectionery fillings belongs to
whippedfillings (creams). Confectionerycreamis considered
to be one of the most desirable confectionery products, is
used for pastry layering, decorationos the confectionery
surface. Besides serving as a filling or decoration, it can
be used as an independent dessert. Modern creams are
of high demand due to their wide applications methods
within the confectionery production, as well as their unique
characteristics — they are able to retain taste, color and
shape after baking, freezing or thawing [5-7].

The «Sparta» group of companies came up with a recipe
and technology for cream marshmallow, which is notable
for a light and airy structure; absence of preservatives, fats,
trans fats, cholesterol and gluten. Cream marshmallow is a
product showing minimum of calories in its content. Cream
marshmallows are not heat-resistable and can be exclusively
added to cooked semi-finished products.

Whipped egg white cream contains glucose syrup, sugar,
water, dry egg white and flavoring. Glucose syrup or molasses
meeting the requirements of GOST 33917-2016 «Starch
molasses. General technical conditions»' is a natural
sweetener. In the confectionery industry glucose syrup
not only serves as a flavoring and nutritional component,
but also is an anti-crystallizer — a substance preventing
the sucrose crystallization process. Apart from this,
it is a moisture-retaining agent and contributes to the
products stabilization during storage, thanks to its high
hygroscopicity.

The technological processing of cream marshmallow
includes the following steps: pre-soaked in the required
amount of water dry egg white is whipped to a fluffy
foam, thereafter an evaporated and heated to a certain
temperature molasses is poured in while still continuing with
the whipping process. The process of whipping the mass
shall continue until a stable structure of cream marshmallow
is formed. Molasses used within the cream marshmallow
processing technology shall be heated to a temperature of
70°C [8].

To obtain a cream marshmallow, dry egg whites
pre-diluted with water in the required proportion are
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loaded into a tank. Certain amount of molasses, sugar
and flavoring mentioned in the recipe shall be mixed
together in a special syrup container. Thereafter the egg
white whipped to a dense and stable foam as well as
the syrup heated to the required temperature enter an
aerator though a pipe system, where they mix together
under controlled pressure, saturate with purified air and
compose a mixture of an «airy» consistency under tight
integrity. Egg white and glucose syrup are being added
continuously in a certain ratio, dosing pumps control the
accuracy of their supply amount. Mixture of hot glucose
syrup and egg whites result into fixation and required
density of the evolved foam [9].

The cream marshmallow generated in the aerator is
then routed for packaging which can be performed in two
ways: 1. packaging in individual plastic cups; 2. packing
in a corrugated box with a polyethylene liner. General
management of the cream marshmallow production line as
well as parameters control and adjustments are carried out
from a unified control panel [10, 11]. Cream marshmallow
produced with described technology has stable structure,
density, taste and color thanks to the natural composition
and unique production technology.

Anumber of issues associated with the dispersion system
destruction and the cream stability appear within production
and storage of confectionery foam.

The study is aimed to analyze influence of temperature
and density on the stability incl. dimensional stability of
whipped cream marshmallows based on egg whites.

The object of the study are samples of cream
marshmallows prepared against changes in temperature
and density of molasses as well as the intensity of mass
whipping.

Materials and methods /

MaTepuanbl U MeTOAbI UCCEA0BaHUSA

The research materials are samples of cream

marshmallows produced in a closed production cycle.

The work uses standard generally recognized methods for
organoleptic and physico-chemical parameters definition.

The method for density definition is based on the
determination of the volume of a bottle filled with distilled
water and cream.

The sensory analysis method is used to define the
dimensional stability of cream marshmallow.

Samples of cream marshmallow molasses for which was
heated to a temperature of 60 °C, 75 °C, 90 °C are welded
under industrial conditions for the research purposes.

As a control sample research utilizes a sample of cream
marshmallow taken in line with a traditional technology
developed by the «Sparta» company, molasses is heated to
a temperature of 70 °C.

Mathematical processing is carried out with the help of
the Excel program.

Results and discussion /

Pe3ynbraTtbl 1 06CYXAEHUE

Temperature influence on the stability and shaping
stability of marshmallow cream. For experimental studies
three samples of cream marshmallow were prepared,
differentiating in the temperature of the molasses added to
the albumen foam.

Figure 1 shows a reference sample of marshmallow
cream and samples with molasses heated to temperatures
of 60 °C, 75 °C, 90 °C.

T GOST 33917-2016 Starch molasses. General technical conditions. Moscow: Standartinform. 2017; 47.
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Fig. 1. Change in the dimensional stability of cream marshmallow
depending on temperature: (a) — reference sample, (b) t = 60 °C;
(c)t=75°C; (d)t=90"°C.

(c) (d)

Compared to the reference sample creamy marshmallow
whipped at 60 °C is more liquid and fluid. It quickly drains
from a spoon and does not retain its shape well.

The temperature of 75 °C is close to the production
temperature, thanks to this fact the test sample is close in its
consistency to the reference one.

A sample with a molasses temperature of 90 °C turned
out to be viscous, is difficult to mix and has poor fluidity.

Thus, the effect of temperature on the stability incl.
dimensional stability of whipped cream based on egg whites
is determined by the coagulation of protein molecules,
which is observed at 70 °C. The process is accompanied by
strong protein networks formation due to the fact that the
unfolded protein chains are attracted to each other and form
larger particles.

The experiment proves that an increase in the tempera-
ture of the added molasses ramps up the whipped cream
density [12].

Influence of density on the stability incl. dimensional
stability of cream marshmallow. Considering the dependence
of density on the stability incl. dimensional stability of whipped
cream, samples were prepared with different molasses
density.

A remarkable factor affecting the density is the heating
temperature of the molasses. The density of molasses was
established at temperatures of 28 °C, 40 °C, 70 °C and 100 °C.

The density of molasses (p, g/cm3) was defined by the
formula:

m
P=y
where: m is the mass of molasses, g; V is the volume of
molasses, cm3.

Hence at room temperature the mass of molasses made
up 140 g per 100 cm3 of volume, therefore, its density equals:

_ 140

= 3
100 = 1,4 g/cm’,
Density of molasses at 40 °C:
130 ;
= 100 = 1,3 g/cm’,
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Density of molasses at 70 °C:

_ 90 _ 3
2= 100 0,9 g/cm’,

Density of molasses at 100 °C:

_ 70 _ 3
2= 100 0,7 g/cm>,

Figure 2 shows the dependence of molasses density on
its temperature.

According to the data obtained with higher temperature
molasses density decreases [13].

Figure 3 shows the studied samples of cream marshmallow
with a molasses density of 1.3 g/cm?3, 0.9 g/cm?3, 0.7 g/cm3,
respectively.

The conducted research established that a sample of
cream marshmallow with a molasses density of 1.3 g/cm?3
is not dense enough and on a practical level does not retain
its shape.

Cream marshmallow with a molasses density of 0.9 g/cm?3
has good plasticity and retains its shape well.

Cream marshmallow with a molasses density of 0.7 g/cm?3
is dimensionally stable to a higher extent, still the consistency
structure is too thick.

Fig. 2. Dependences of cream marshmallow density on molasses
temperature
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Fig. 3. Cream marshmallows of different density: (a) — reference
sample; (b) — molasses density 1,3 g/cm3; (c) — molasses density
0,9 g/cm?3; (d) — molasses density 0,7 g/cm3.
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(c) (d)
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Thus, the experiment established that lower density
of molasses results into stronger and more stable structure
of cream marshmallow [10, 14].

Conclusion / BeiBOAbI

A comparative analysis of the stability incl. shaping
stability of whipped cream based on egg whites against
changes in temperature and density of the added
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molasses indicates that the determining factor within
the cream marshmallow preparation is temperature.
The temperature level defines the strength of the
confectionery foam film frame as well as density
the molasses added to the albumen foam. The most
optimal condition for the technological production
process is the molasses temperature of 75 °C, density
of 0.9 g/cm3.

Bce aBTOpbI HECYT OTBETCTBEHHOCTL 32 CBOIO PabOTy U NPEACTaBNEH-
Hble AaHHbIE.

Bce aBTOpbI BHEC/M PaBHbIV BKa, B 3Ty Hay4Hyto paboTy.

ABTOpPbI B PaBHOW CTEMEHM Y4aCTBOBAIN B HANNCAHUW PYKOMNCK 1
HECYT PaBHYylO OTBETCTBEHHOCTb 3a Miarvar.

ABTOPbI 3a9BAAIOT 06 OTCYTCTBUMN KOHDIMKTA MHTEPECOB.
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