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Abstract. Confectionery industry represents a field that uses a large number of ingredients and techniques to develop 

unique sweet products. To produce aerated confectionery samples two different procedures were used to incorporate the 

ingredients in the beating vegetable or dairy cream. The objective of this research was to determine the texture parameters 

and the viscoelastic properties of aerated confections using compression stress-relaxation test and applying a modified 

Maxwell model. The highest fat content was presented by dairy cream aerated samples (20.04-20.25%), while the samples 

based on vegetable cream displayed a lower fat content. By applying the modified Maxwell mechanical model to the 

relaxation curves the equilibrium stress, σe, relaxation time, λrel, viscosity, η, and modulus of elasticity, G0, were 

determined. The aerated samples’ viscosity was greater than 137.96 kPa·s and less than 451.793 kPa·s; furthermore, 

Pearson correlation showed that density influences positively this rheological parameter (r = 0.955*). Fixing air into the 

product structure causes a decrease in density (0.388-0.788 g/cm3), leading to a lower equilibrium stress, a lower elasticity 

modulus and also a decrease of viscosity and relaxation time. 
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1. Introduction  

The confectionery industry is an extremely diverse, 

innovative and complex food sector, with about 13000 

producers throughout Europe, which manufacture both 

mass products and specialties [1]. The confectionery 

products can be classified in three main categories such 

as: sugar based products (hard candy, candy bars, 

caramels, jellies, gel foams, lollipops or nougat), 

chocolate products (milk chocolate, dark or white 

chocolate, chocolate spreads) and flour based products 

(cakes, shortbread cookies, wafers, salty or sweet 

snacks) [2, 3]. 

It is well known that confectionery products have a 

substantial caloric content, but the use of non-caloric 

ingredients [4], incorporation of high quantities of water 

and introducing air bubbles into the product’s structure 

are some methods to lower those values [5]. Aerated 

foods, especially those of confectionery, constitute the 

height of culinary and technological mastery and deliver 

new and luxurious texture characteristics [6], these food 

products can be described in terms of porosity or pore 

distribution, gas content, pore or bubble dimension, 

density, stability and texture properties; which together 

offer  novelty, luxury and appeal [7, 8]. Aerated food 

structures bring benefits during the mastication process, 

in the oral processing of foods, facilitate the enzyme 

accessibility to substrates and intensify flavors delivery 

[9]. The aeration process modifies also the rheological 

and textural characteristics of original fluid ingredients 

allowing them to be molding and setting into more 

appealing configuration [10]. According to Campbell 

[6] the gases of greatest importance used for aeration 

process in food industry are represented by air, carbon 

dioxide, nitrogen, nitrous oxide and steam; these gases 
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can be used as a mixture or separately. For example, the 

nitrogen has applications in confectionery to produce 

micro-aerated structures such as those of aerated 

chocolate, while nitrous oxide is used as propellant gas 

for instant whipped cream, developing macro-aerated 

structures [11, 12]. There are a few different techniques 

to produce aerated foods and these are based on air or 

gases injection, extrusion - liquid or semi solids are 

constrained around air/gas to form pores/bubbles, 

another method is represented by gases generation in the 

food matrix (fermentation), followed by whipping, 

beating, pressure beating and shaking methods [6, 10].  

In the case of mechanical aeration methods 

(whipping, beating), the dimensions of air bubbles 

respectively the relative density of the product decrease 

as the speed of beating device increase, whilst a lower 

beating speed lead to larger air bubbles. The air bubbles’ 

dimensions represent a primary characteristic 

determining its behavior and contribution to product 

structure and texture [13]. The aerated food system is 

thermodynamically unstable; the incorporated bubbles 

are frequently stabilized by a protein stabilizing agent or 

other emulsifiers which prevent the bubbles 

coalescence. The confectionery aerated structures are 

stabilized often with gelatin, egg albumin, soy proteins 

or dairy proteins, but other stabilizing agents such as 

agar, gelatinized starch, alginates, gum arabic, may also 

be used. Besides the role of providing stability by 

preventing the recombining of newly created bubbles 

and their coalescence, the stabilizing agent also 

promotes bubbles formation [14]. The texture of the 

aerated food products can be evaluated through different 

mechanical tests based on compression [15], extrusion 

[16] or texture profile analysis tests [8]. 
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As mentioned for aerated food products, a major 

aspect is represented by rheological or textural 

evaluation and therefore the main objective of the 

present study is to evaluate the viscoelastic properties 

and texture parameters of aerated confections based 

on compression stress-relaxation test and Maxwell 

mechanical model; closely related with the 

physicochemical composition. 

2. Experimental 

2.1. Materials 

The experimental aerated confectionery samples were 

produced through the mechanical beating process at 600 

rpm [15] using milk, chocolate, sugar, yolk and dairy or 

vegetable cream. The sample formation followed two 

different procedures: the first procedure (A1 and A2 

samples) consisted in homogenization of the mixture 

formed from beating yolk-sugar, hot milk, tempered 

chocolate and gelatin with beating vegetable cream (A1) 

and beating dairy cream (A2); the second procedure 

involved the incorporation in the beating vegetable 

cream (A3) and beating dairy cream (A4) of the other 

ingredients, first was added the mixture of sugar syrup 

and beating yolk, followed by tempered chocolate and 

gelatin. In order to obtain the best results, the gelatin was 

subjected to complete hydration (1:4 w/w) prior to be 

added in the mixture, therefore it was completely active. 

After preparation the aerated samples were stored in 

closed containers at 4-6 °C until they were analyzed. 

2.2. Methods 

2.2.1. Physicochemical analysis. The moisture content 

of aerated samples was performed by oven assay [17] 

and the fat content was measured using the Soxhlet 

method [18]. All reagents used for physicochemical 

analysis were of analytical grade. 

2.2.2. Textural and viscoelastic evaluation. Aerated 

confectionery samples with cubic shape and side of 30 

mm were subjected to uniaxial compression with a Mark 

10-ESM 301 Texture Analyzer equipped with 10 N load 

cell (Mark 10 Corporation, USA) using a flat probe (Ø 

50 mm), the loading-unloading speed was set at 10 

mm/min and the compression distance was established 

at 10 mm [19]. The trigger force was set at 0.1 N. After 

the compression distance (stress) was achieved the 

loading stopped and the confectionery sample was 

subjected to relaxation for 200 s. During the stress-

relaxation test the evolution of stress (Pa) versus time (s) 

were recorded by the MESUREgauge software at a 

reading rate of 20 points per second (pps).  

2.2.3. Modeling. The uniaxial compression stress (σ0, 

Pa) relaxation behavior of aerated confectionery 

samples was described by a modified Maxwell model, 

formed from a single Maxwell element and a spring 

connected in parallel which indicates the equilibrium 

stress (σe, Pa). The stress-relaxation equation (Eq. 1) 

describes the applied Maxwell model, where λrel 

represents the relaxation time and (σ0 - σe) represents the 

decay stress (σd, Pa) [20]: 

 

(1) 

Also the decay stress [21], viscosity [22] and 

Deborah number [23] were determined. The modified 

Maxwell model fits to the measured (experimental) data 

was achieved by the calculation of the statistical 

parameters such as coefficient of determination (R2) and 

absolute average deviation (AAD) (Eq. 2 and 3). 

 

(2) 
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Where yexp and yprz are the relaxation experimental 

(measured) and  predicted values and N represents the 

number of the experimental run [24, 25]. 

2.3. Statistical analysis 

The obtain results were submitted to Pearson correlation 

by SPSS 13.0 (SPSS Inc. Chicago, IL).  

3. Results and discussion 

3.1. Physicochemical analysis 

The physicochemical analysis of aerated confectionery 

samples is presented in Table 1. The highest fat content 

was observed for dairy cream aerated samples (A2 -

20.04% and A4 - 20.25%), while the samples with 

vegetable cream in composition (A1 and A3) displayed 

a lower level of fat, ranging between 16.35% and 

17.82%. The moisture content of confectionery products 

varies considerably; it is important during the 

production process, represents an important storage 

parameter, influences the product self-life and also 

influences the texture characteristics [26]. The moisture 

content of the aerated confectionery samples varied 

from 42.98% to 46.42%, the A1 and A2 samples having 

the highest concentrations. The density measurements of 

aerated confectionery samples are among 0.388 and 

0.788 g/cm3, being closely to those reported for cake 

batter (0.55 - 0.80 g/cm3), whipped cream (0.40 - 0.60 

g/cm3) and higher than those reported for meringue 

(0.17 - 0.18 g/cm3) and sponge cake (0.25-0.35 g/cm3), 

[6]. In addition to density decreasing some studies 

indicates that aeration process of food matrix increases 

satiety reduces the energy intake [27]; food consumption 

being influenced by products weight and volume [5], 

therefore aeration satisfies consumer needs and has a 

potential action on obesity prevention [13]. 

Table 1. Texture, viscoelastic and physico-chemical 

parameters of aerated confectionery sample. 

Sample A1 A2 A3 A4 

Fat [%] 16.35 20.04 17.82 20.25 

Moisture  [%] 46.42  45.51  43.96  42.98 

Density [g/cm3] 0.388 0.565 0.760 0.788 

Equilibrium 

stress - σe 
[kPa] 0.911 1.488 2.666 2.666 
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Sample A1 A2 A3 A4 

Decay stress 
- σd 

[kPa] 0.804 1.483 1.841 2.347 

Relaxation 

time - λrel 
[s] 57.142 58.479 60.975 64.102 

Modulus of 

elasticity - 

G0 

[kPa] 2.735 4.468 8.006 8.006 

Viscosity - η [kPa·s] 137.96 260.433 337.102 451.793 

Deborah 

number - De 
- 0.285 0.292 0.305 0.320 

3.2. Texture and viscoelastic evaluation 

By applying the modified Maxwell mechanical model to 

the relaxation curves the equilibrium stress, σe, decay 

stress, σd, relaxation time, λrel, viscosity, η, and modulus 

of elasticity, G0, were determined (as shown in Table 1). 

According to Chakespari et al. [21], λrel represents a 

measure of how fast a food material disperses the stress 

received after a sudden deformation. The relaxation 

time, λrel, which is a representative parameter of stress - 

relaxation tests was greater than 57.142 s, with a small 

variation up to a maximum of 64.102 s and G0 were 

about 2.735 – 8.006 kPa. The elastic modulus of 

confectionery samples was smaller than that of white 

pan bread or agar gel whose elastic modulus are higher 

than 13 kPa, but similar to those of dairy products, like 

ripened cheese (0.102 kPa) [28]. Taking into account the 

elasticity modulus’ values we can sustain that A3 and 

A4 samples are stiffer than A1 and A2 samples, the first 

procedure (which assumed the incorporation of the other 

ingredients’ mixture at once in the beating 

vegetable/dairy cream) of introducing and fixing air is 

much better than second one. The decay stress ranged 

from 0.804 to 2.347 kPa, A4 samples showing the 

greatest decay value. It can be seen from Figure 1 that 

the analyzed samples exhibit a typical solid viscoelastic 

behavior, which implies an equilibrium stress greater 

than zero [28] and therefore the equilibrium stress 

ranged between 0.911 - 2.666 kPa. The viscosity 

observed in this study was greater than 137.96 kPa·s and 

less than 451.793 kPa·s; furthermore, it showed much 

lower values than those reported for pears (approx. 10 - 

35 MPa·s) [29]. Deborah number, De, is a dimensionless 

parameter, which characterize the viscoelastic materials 

and as we can see from Table 1, the calculated De of the 

aerated samples was smaller than one (De < 1), implying 

that food material exhibit more viscous than elastic 

behavior [20]. 

3.3. Maxwell modeling 
In order to determine the viscoelastic parameters and the 

equations (as shown in Table 2) of the modified 

Maxwell model, the ln(σ - σe) versus relaxation time 

were represented graphically in Figure 1, the regression 

coefficients being higher than 0.918. Also Figure 1 

presents the Maxwell model’s fit (predicted data) to the 

measured relaxation curves and it can be established that 

Maxwell model with a spring connected in parallel can 

be successfully used to predict the viscoelastic 

properties of aerated confectionery samples. In addition 

to determination coefficient (R2) the absolute average 

deviation coefficient (AAD) was also calculated to 

highlight the differences between experimental data and 

the Maxwell model estimates. All the determination 

coefficients were greater than 0.9 (0.998 ≥ R2 ≥ 0.927) 

and all the absolute average deviation coefficients were 

smaller than 3.5 (2.483 ≤ AAD ≤ 3.303), as shown in 

Table 2 and according to [24, 30] the higher the 

determination coefficients values (R2) and the lower the 

absolute average deviation coefficients values (AAD) 

are, the better will be the goodness of fit. Taking into 

account the above mentioned, the described parameters 

of the modified Maxwell model (σe, σd, λrel, G0 and η) 

were at statistically appropriate levels.

Table 2. Maxwell model equations and the statistical parameters of the aerated confectionery samples 

Sample Maxwell model R2 AAD 

A1   






 


142.57
exp402.804111.911

t
t  0.939 2.940 

A2   






 


479.58
exp263.1483888.1488

t
t  0.927 3.303 

A3   






 


975.60
exp618.1841666.2666

t
t  0.998 2.483 

A4   






 


102.64
exp250.2347666.2666

t
t  0.962 2.640 
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Figure 1. Relaxation curves, experimental (, , , ) vs. predicted data (—–) and ln(σ-σe) vs. relaxation time of aerated 

confectionery samples:A1 (), A2 (), A3 (), A4 (). 

3.4. Pearson correlation  

Pearson correlation between physicochemical 

properties, texture and viscoelastic parameters of 

aerated confectionery samples are shown in Table 3. As 

regarding the physicochemical properties, a negative 

Pearson correlation was recorded between moisture 

content and aerated samples’ density (r = -0.932*). 

Furthermore, moisture content influences negatively 
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also the texture and viscoelastic parameters’ magnitude: 

decay stress (r = -0.990**), viscosity (r = -0.984**) and 

relaxation time (r = -0.928*). According to Pearson 

correlation the texture and rheological parameters of 

aerated confectionery samples are highly positively 

connected between them. For aerated food products 

density measurement indicates the total air content 

embedded in the product structure [6]. The density of 

aerated samples influences positively texture and 

viscoelastic parameters like σe, σd, λrel, G0, η, while the 

total air content from the product structure has a 

negative influences on the mentioned parameters, 

agreeing with [29, 31] who observed that spongy foods 

with an aerated structure release the stress faster.

Table 3. Pearson correlation between texture, viscoelastic and physicochemical parameters of aerated confectionery samples 

 F M ρ σe σd λrel G0 η De 

F 1 -0.821 0.584 0.466 0.734 0.597 0.466 0.716 0.594 

M  1 -0.932* -0.880 -0.990** -0.928* -0.880 -0.984** -0.930* 

ρ   1 0.990** 0.963* 0.915* 0.990** 0.955* 0.923* 

σe    1 0.930* 0.906* 1.000** 0.925* 0.916* 

σd     1 0.963* 0.930* 0.998** 0.966* 

λrel      1 0.906* 0.977* 1.000** 

G0       1 0.925* 0.916* 

η        1 0.979* 

De         1 

* Correlation is significant at the 0.05 level (1-tailed). ** Correlation is significant at the 0.01 level (1-tailed).  
Fat -F; Moisture –M;  Density - ρ; Equilibrium stress - σe; Decay stress - σd; Relaxation time - λrel; Modulus of elasticity - G0; Viscosity – η; Deborah 

number - De 

4. Conclusions 

The two different procedures through which were 

produced the aerated confectionery samples had a 

significant effect on the texture and viscoelastic 

parameters. The first procedure which involved 

homogenization of the mixture formed from other raw 

materials in beating vegetable or dairy cream led to a 

more aerated structure of the samples (A1 and A2) with 

a low density and a low mechanical strength (σe and σd), 

while the incorporation of the raw materials one at a time 

in the beating vegetable or dairy cream (second 

procedure - A3 and A4) led to a higher density, a less 

aerated structure and also a higher mechanical strength 

and respectively a higher relaxation time. Taking into 

account the statistical parameters such as R2 and ADD 

we can conclude that the modified Maxwell model can 

be used successfully  for the estimation of the aerated 

confectionery’s viscoelastic parameters. According to 

Pearson correlation σd, λrel and η of aerated 

confectionery samples are strongly influenced by 

moisture content and density.  
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