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Abstract: In addition to the fact that the “ideal” fat mimetic should have all functional characteristics
of fat, it is preferable to be from natural sources. Dietary fibers from different natural sources have
large potential for fat mimetic roles in low-energy food products. This work observes the functional
characteristics of wheat-fiber-based fat mimetics (microstructure, rheological and textural properties),
as well as the influence of addition of small molecules of additives, which are usually necessary
during the production of food products. Different concentrations of fat mimetics were analyzed
(from 1–10% of fibers) alone and also in combination with a mixture of additives (sodium ascorbate,
trisodium citrate and sodium acetate). The concentration of hydrated wheat fibers above 3% formed
viscoelastic gel structures with an antithixotropic type of Newtonian flow, with a domination of
elastic properties (G′) and ability for partial recover. Firmness and consistency were also stable at
higher fiber concentration (5–10%). Thus, these fat mimetics have high ability to imitate fat functional
properties and to provide the role of continuous phase in food systems. The application of food
additives significantly reduced all observed properties of wheat fibers’ fat mimetics by disturbing the
proper hydration process during gel formation and crosslinking of the three-dimensional structure of
fat mimetics.

Keywords: wheat fibers; fat mimetics; food additives; microstructure; rheology; texture

1. Introduction

The application of fat substitutes to produce low-energy food products leads to a
significant problem, which is related to the satisfactory quality of the final product. The
newly created low-energy food products with their rheological, sensory, physical, textural
and microbiological properties must fully correspond to the full-fat food products. The
applied fat replacer in a fat-reduced product has the role of imitating the various functions
of fat. Considering that, it is necessary to find the agreement between the viscosity of these
products, then the size and distribution of particle sizes in the system and the balance
between the characteristics of the system in order to achieve the appropriate mouthfeel
and sensory properties of the low-energy product [1]. Currently, there is no “ideal” fat
replacer that can individually replace all the sensory and functional characteristics of
fat. Therefore, a combination of fat replacer is often used in order to achieve the desired
product quality [2]. The structure of fat replacers may include gums, pectin, dietary
fibers (cellulose, hemicellulose, etc.), whose main sources are usually plants, cereals and
their seeds. By stabilizing substantial quantities of water in a gel-like matrix, this group
of fat replacers mimics some of the textural and functional characteristics of fat [2,3].
Important technological characteristics of dietary fibers that determine the possibilities
of their application are: WHC(water-holding capacity), fat-binding capacity, chelating
capacity, viscosity, gel-forming ability and influence on the texture of food products [4].
Other technological properties of the fibers are to control the crystallization of sugar and
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modify the aroma. Their important feature is that they prevent deformation and shrinkage
of restructured products during cooking. Some have antioxidant properties. They are
effective for quickly rancid products during cooling and freezing [4].

Natural sources of dietary fibers for fat replacers are always welcome and various raw
materials can be used, such as soy, oats, sugar beets, wheat, peas, nuts and others [5,6].
Natural derivation of dietary fibers provides a continuous source, as well as a possibility
for the utilization of different byproducts available in the food industry, such as cereal,
legume cakes, oilseed cakes, bran, husk, trope, and generally, plant byproducts [7–9].
In addition to adequate technological properties, fiber-based fat replacers also have a
positive effect on health, such as β-glycan and inulin, usually present in the composition
of fibers, which reduce the level of cholesterol in the blood. According to the American
Nutrition Association, the recommended intake of dietary fiber for adults is 25–30 g/day
or 13 g/1000 Kcal, and the ratio of insoluble fiber to soluble fiber should be 3:1. In Europe,
the recommended values are around 20 g/day per person, and in developing countries
60–120 g/day [10–12].

It is important to know the properties of the fat replacer, as well as the way it affects
the properties of the food product in which it is used because the same fat replacer can
be suitable for one type of product, but adversely affect the properties of another [13,14].
In order to imitate the physical and functional characteristics of fat, the manipulation
of rheological properties plays a key role in the application of a suitable fat replacer [1].
Additionally, in many food products with reduced energy value, the basic difference
compared to full-fat products of the same type is in the texture. Thus, fat replacers of
biopolymeric origin are suitable for use in semi-solid and spreadable products because they
provide the desired texture with their cross-linked structure [2,15,16]. The formulation of a
new product, in addition to defining adequate constituent components and their quantity,
also requires determining the sequence of adding raw materials in order to achieve the
desired product quality. Certain raw materials achieve their functional properties only in
the appropriate stages of production, while some components can reduce the functional
properties of other constituent components [17].

The aim of this work was to investigate from a microstructural, rheological and textural
aspect the fat mimetic that is mainly based on wheat fibers (70%) and maltodextrin (30%).
This determination will provide insight to the functional properties of this fat mimetic of
natural origin. Additionally, the influence of the addition of additives on the functional
properties of wheat fiber fat mimetic was analyzed because the additives are usually
necessary during the production of food products. That will show the functional ability of
the analyzed fat mimetic, its interaction with other components and areas, and possibilities
of their application in low-fat food products. Additionally, a secondary objective of this
work is to determine the sequence of addition of raw materials during the realization of
technological properties of wheat-fiber-based fat mimetics.

2. Materials and Methods
2.1. Materials

During the experimental part of this work, fat mimetic Vitacel WFG HS73 was used,
produced by J. Rettenmaier & Sönhe GMBH+CO, Rosenberg, Germany. This fat mimetic
consists of 70% of colloid wheat fibers and 30% of maltodextrin. It is a powder of micro-
fibrillated wheat from wheat byproducts, co-processed with maltodextrin to aid dispersing
in water medium.

Antimicrobial and antioxidant unwanted change of food products can be prevented
by applying a mixture of additives consisting of the sodium salt of ascorbic acid E 301
(0.150 g), trisodium citrate E 331 (0.150 g) and sodium acetate E 262 (0.200 g) per 100 g of
product [18,19]. Thus, a mixture of these additives was used.

Another used material was distilled water.
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2.2. Microstructure Analysis of Fat Mimetics Fibers

The characteristics of microstructure were observed using a scanning electron micro-
scope JSM-6460LV to 25 kV (SEM, JEOL Ltd., Tokyo, Japan). The samples were fixed to
aluminum carriers and coated with a thin layer of gold over the surface, after which they
were observed with at different magnifications 500–5000×.

2.3. Preparation of Wheat Fiber Fat Mimetics

The fat mimetic powder was dispersed in distilled water under high shear of 6500 min−1

for 4 min by a homogenizer with the dispersing tool S25N–18G (Ultraturax T–25, IKA, Werke
GmbH & Co., Staufen, Germany). Five different concentrations of wheat fiber fat mimetic
were prepared: 1%, 3%, 5%, 7% and 10%. The mixture of fat mimetics with the same fiber
concentrations and added additives were additionally prepared. The dispersed systems
were stored at 4 ◦C for 24 h to form a gel structure.

2.4. Particle Size Determination

The particle size distribution of the fat mimetics was determined by laser light diffrac-
tion method. The measurement was performed using Mastersizer 2000 (Malvern Instru-
ments, Malvern, UK), equipped with Hydro 2000G dispersing unit and adequate soft-
ware package.

2.5. Rheological Determination

The rheological behavior of the observed fat mimetics was defined by flow characteris-
tics, dynamic oscillatory measurements and creep and recovery analysis. All measurements
were performed using rotational viscometer HAAKE RheoStress RS600 (Thermo Electron
Corporation, Karlsruhe, Germany) with plate–plate sensor PP60 Ti (plate diameter was
60 mm and gap 1 mm) [20].

Flow properties were described by the hysteresis loop method as dependence of
shear stress (τ) over shear rate (γ). The samples were exposed for 3 min to shear rate
ramped up from 0 to 100 s−1, then the shear rate was constant at 100 s−1 in the following
3 min and finally ramped down to 0 s−1 for 3 min. All measurements were conducted at
25 ± 0.1 ◦C [21].

Dynamic oscillatory measurements defined the elastic (storage) modulus (G′) and
viscous (loss) modulus (G′′) in the range of linear viscoelastic regime (LVE), where there is
no destruction of the system and the values of applied shear stress depend on the strength
of the system structure. The moduli were observed during increased frequency from 1 to
10 Hz and at constant shear stress of 5 Pa in the linear viscoelastic regime. The results were
expressed as value tan δ = G′′/G′ [22].

Creep and recovery test provided a determination of the viscoelastic response of the
samples at a constant stress, and after removing the stress, accordingly, the compliance (J)
of the samples. The creep and recovery tests were performed in the LVE regime in which
the deformation amplitude was proportional to applied stress amplitude. The sample
was exposed to constant stress (σ = 5 Pa) during creep time of 150 s. The recovery time
after removing the stress was 450 s. Obtained data were fitted to Burger’s model, which is
presented by Equation (1) for creep phase:

J(t) = J0 + J1 · [1− exp(−t/λ)] + t/η0 (1)

and by Equation (2) for recovery phase:

J(t) = Jmax − J0 − J1 · [1− exp(−t/λ)] (2)

where the value J0 is the instantaneous compliance, J1 is retarded (viscoelastic) compliance,
Jmax is maximum compliance, λ is mean retardation time and η0 is Newtonian viscosity.
The part of the creep and recovery curve that describes the recovery of the system can also
be described by contribution of elastic (Je) and viscous (Jv) deformations in the maximum
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compliance (Jmax) of the system. There is the amount of relative elastic deformations
Je/Jmax (%) (part of the structure that recovered after removing the stress) and the amount
of relative viscous deformation Jv/Jmax (%) (the part of the structure that was not recovered
after removing the stress, the amount of lost deformation) [23–27].

2.6. Textural Determination

The textural properties of viscous liquid or semi-solid gel-like systems are commonly
determined by methods of reverse or direct extrusion in order to define the firmness and
consistency [28,29]. Textural characteristics were determined using the texture analyzer
TA.HD Plus, Stable Micro Systems. The manufacturer’s specified method of Comparison
of the consistencies by back extrusion was applied using the back extrusion cell (A/BE)
accessory, which contains a base for positioning the sample container, sample containers
with an internal diameter of 50 mm, a compression disk with a diameter of 35 mm and
a disk holder with a length of 150 mm. The method was performed with the following
parameters: speed during analysis 1 mm/s, distance 30 mm, contact force 5 g, measuring
cell 5 kg. Using this method, the penetration force through the gel sample and subsequent
return through the sample was simulated defining physical and viscous properties [30].
Defined textural parameters of fat mimetic are firmness, consistency, cohesiveness and
index of viscosity.

2.7. Statistical Analysis

Measurements of all determined rheological parameters were performed in triplicate,
and for textural parameters, five times. The obtained results were statistically analyzed
by ANOVA statistical method. The mean values were compared by one-factor analysis
of variance with post hoc test by Duncan’s test at 5% level of significance, using software
Statistica 13.3 (TIBCO Software Inc., Paolo Alto, CA, USA, 2016).

3. Results and Discussion
3.1. Microstructural Characteristics of Wheat Fiber Fat Mimetics

The microstructural characteristics of WFG fibers fat mimetics observed by scanning
electron microscopy are presented in Figure 1. Wheat fiber fat mimetics include 70% of
colloidal wheat fibers and 30% of maltodextrin. Obviously, the spatial organization of WFG
HS73 fibers tends towards a curled (globular) fiber structure (Figure 1a), where between
long chains of wheat fibers the small maltodextrin molecules are fitted (Figure 1b,c).
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Figure 1. Microstructural and spatial organization of wheat fibers WFG HS73; Magnification (a) 500×,
(b,c) 2000×.

3.2. Particle Size Distribution of Wheat Fiber Fat Mimetic

The particle size distribution of the WFG fat mimetic is specific because it does not
depend on the wheat fibers’ concentration in the system (Figure 2). The width of particle
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size distribution of the wheat fiber fat mimetic is uniform (0.72–0.74), and for the observed
fibers’ concentration of 1–10%, the value is in the range from 2.23–2.28 (Table 1). Volume
weighted mean (D[4,3]) is in a narrow range from 86.60 to 92.31 µm.; a total of 90% of
the volume distribution (d (0.9)) is below the value of ~180 µm and the median volume
diameter d (0.5) pointed that 50% of the particles’ sizes are in the range from 72.06 to
73.91 µm for all observed wheat fiber fat mimetics. Small particles (d (0.1) ≈ 16 µm) are
distributed in the interspace.
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Figure 2. Particle size distribution of wheat fiber fat mimetic with different fiber concentrations.

Table 1. Mean particles diameter and particle size distribution of WFG fat mimetic with different
fiber concentrations.

Wheat Fiber Fat
Mimetic

Concentration
(%)

Specific Surface
Area

(m2/g)

Surface Weighted
Mean D[3,2]

(µm)

Vol. Weighted
Mean D[4,3]

(µm)

d (0.1)
(µm)

d (0.5)
(µm)

d (0.9)
(µm) Span Uniformity

1 0.17 34.38 89.68 16.22 72.24 180.91 2.28 0.74
3 0.18 33.38 86.60 15.99 72.06 180.31 2.28 0.73
5 0.18 33.94 90.89 16.51 73.05 183.46 2.28 0.74
7 0.17 34.51 92.31 17.04 73.91 184.76 2.27 0.74

10 0.17 34.27 90.46 17.11 73.34 180.51 2.23 0.72

3.3. Rheological Properties of Wheat Fiber Fat Mimetics

Weakly gelling form of wheat fiber fat mimetic was obtained at wheat fiber concentra-
tion of 1%. Only at fiber concentration of 3% and higher were stable gel systems formed
(Figure 3).

Flow curves of WFG gel concentrated above 1% are specific by antithixotropic behavior
during shear stress (Figure 3). The antithixotropic type of flow is a non-Newtonian flow, the
opposite of thixotropic behavior of dispersed systems, which is reflected by an increase in
shear stress or viscosity over time. This behavior is caused by the establishment of certain
internal structure by bonds that are released during shearing and during the initial limited
destruction of the structure [31,32]. Inside globularly organized structures of WFG fibers,
shown at Figure 1, the spherical globules tend to unroll under the shearing stress, which led
to the linear orientation of the fibers, where the formation of secondary bonds was enabled.

Antithixotropic flow behavior is manifested as a negative value of the area of the
hysteresis loop, which indicates that the descending curve is above the ascending curve at
the diagram of the dependence of shear stress over shear rates [33]. With the increasing
concentration of WFG fibers, the absolute value of the area of the hysteresis loop also
increased. This behavior was expected because the higher level of wheat fibers in the
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system provided more fiber interaction and increased the degree of their networking
during gel formation.
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Figure 3. Rheological flow curves of WFG fat mimetics at different fibers concentration (a,b,d,f,h)
without additives and (c,e,g,i) with additives. The arrows mark ascending and descending direction
of flow curves.

The inclusion of small molecules of additives led to competition between functional
groups, and disturbed the wheat fibers’ interaction. Thus, a decrease in the absolute values
of the hysteresis loop area was noticed for the fat mimetics with additives compared to the
WFG fat mimetics without additives, at the same fiber concentration (Figure 4).

The flow model described by the Herschel–Bulkley equation:

τ = τ0 + K
.
γ

n (3)

was applied to obtained curves [22,34], where τ is shear stress (Pa),
.
γ is shear rate (1/s), τ0

is yield stress (Pa), K is consistency coefficient (Pasn) i n je dimensionless flow index [35].
All flow curves of WFG gels corresponded to the Herschel–Bulkley model of flow with
high coefficients of determination (r), both in the ascending and descending part of the
curves. Rheological parameters relevant for flow determination of these gels are shown in
Table 2.
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Table 2. Rheological parameters for flow curves of wheat fibers fat mimetic without and with additives.

Wheat Fibers Fat Mimetics without Additives

Ascending Part of Flow Curve Descending Part of Flow Curve

Wheat Fibers
Fat Mimetic

Concentration
(%)

τ0 ± SD *
(Pa)

K ± SD *
(Pasn) n ± SD * r τ0 ± SD *

(Pa)
K ± SD *

(Pasn) n ± SD * r

1 0.07 ± 0.00 a 0.05 ± 0.00 a 0.93 ± 0.04 e 0.9856 0.04 ± 0.01 a 0.01 ± 0.00 a 0.85 ± 0.12 e 0.9847
3 0.47 ± 0.06 c 0.45 ± 0.03 b 0.48 ± 0.01 c 0.9951 0.66 ± 0.07 c 0.49 ± 0.03 c 0.48 ± 0.01 c 0.9996
5 4.55 ± 0.44 e 4.81 ± 0.54 d 0.37 ± 0.01 b 0.9932 5.39 ± 0.13 d 4.92 ± 0.49 e 0.39 ± 0.01 b 0.9952
7 5.81 ± 1.43 e 25.19 ± 1.68 e 0.29 ± 0.01 a 0.9919 23.97 ± 0.21 f 17.29 ± 0.68 f 0.39 ± 0.02 b 0.9890

10 36.72 ± 3.74 g 77.14 ± 3.12 f 0.34 ± 0.02 b 0.9763 72.38 ± 2.16 g 50.48 ± 3.22 h 0.45 ± 0.08 c 0.9972

Wheat Fibers Fat Mimetics with Additives

Ascending Part of Flow Curve Descending Part of Flow Curve

Wheat Fibres
Fat Mimetic

Concentration
(%)

τ0 ± SD *
(Pa)

K ± SD *
(Pasn) n ± SD* r τ0 ± SD *

(Pa)
K ± SD *

(Pasn) n ± SD * r

3 + additives 0.09 ± 0.03 a 0.02 ± 0.01 a 0.71 ± 0.00 d 0.9955 0.08 ± 0.01 a 0.02 ± 0.00 a 0.68 ± 0.00 d 0.9951
5 + additives 0.30 ± 0.02 b 0.10 ± 0.00 a 0.61 ± 0.01 d 0.9990 0.24 ± 0.00 b 0.15 ± 0.00 b 0.53 ± 0.00 c 0.9996
7 + additives 2.04 ± 0.04 d 1.46 ± 0.09 c 0.38 ± 0.01 b 0.9906 0.87 ± 0.01 c 2.38 ± 0.01 d 0.34 ± 0.01 b 0.9984

10 + additives 16.28 ± 0.95 f 5.23 ± 0.06 d 0.46 ± 0.02 c 0.9954 15.66 ± 1.23 e 30.78 ± 2.64 g 0.24 ± 0.02 a 0.9890

* Values are presented as mean value of 3 measurements ± standard deviation. a–h Values followed by the same
letter within the same column are not significantly different (p > 0.05) according to Duncan’s test.

Based on the consistency coefficient K, an increase in the viscosity of the systems was
noticed with an increase in the concentration of WFG fibers, as it was expected. While an
increase in the value of the yield stress, τ0, indicated an increase in the initial flow resistance
of the system. The initial flow resistance also describes the degree of arrangement in the
system and is conditioned by mechanical (frictional) interactions of particles [36]. The
globular organization of WFG fibers in an aqueous medium with uniform size distribution
contributed to the increase in the yield stress with increasing wheat fibers concentration.
However, these rheological parameters statistically significantly decreased (p < 0.05) with
the application of additives. A flow curve of 1% wheat fiber gel could not be registered by
the sensor element because the viscosity was too low. The values of yield stress decreased
for 55.61–93.49% for WFG fat mimetics with additives compared with gels without additives
at the same fiber concentrations.
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Specifically, the flow index, n, decreased with the increasing fiber concentration, which
means that non-Newtonian character of the system increase [37]. By the addition of the
additives in the structure of the wheat fiber gel, the non-Newtonian character decreased
and the observed fat mimetics had a weaker gel structure.

Viscoelastic Properties

The viscoelastic behavior of the wheat fiber fat mimetics is defined by dynamic oscilla-
tory measurements and creep and recovery analysis. Both types of measurements were
performed in a linear viscoelastic regime (LVE) at stress values that do not act destructively
on the structure of the system. The dependence of elastic (storage) modulus G′ and viscous
(loss) modulus G′′ on frequency is characteristic for all observed systems by the increase in
the value of these moduli with an increase in frequency. That is characteristic of viscoelastic
gel systems [27]. Changes of modulus G′ and G′′ with the increasing frequency of certain
disperse systems of wheat fiber fat mimetics are presented at Figure 5.
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Figure 5. Elastic and viscous modulus (G′ and G′′) of wheat fibers fat mimetic with a stable gel structure.

An additional parameter for describing the viscoelastic nature of the system is tan
δ, which is defined as the ratio G′′/G′ and is a measure of the relative magnitude of the
viscous and elastic parts of the system. The nature of the system is more elastic the lower
the values of tan δ are [38]. The values of the tan δ viscoelastic parameter depend on the
wheat fibers’ concentration and on the addition of additives, which are shown at Figure 6.
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Figure 6. Mean values of tan δ ± SD for wheat fibers fat mimetics with and without additives. Bar’s
values with the same letter (a–c) are not significantly different (p > 0.05) according to Duncan’s test.
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The ratio between elastic and viscous bonds (tan δ) in these systems was less than 1,
which pointed to the dominance of the elastic modulus as a consequence of hydrodynamic
forces and particle interaction [39]. With an increase in the volume fraction of particles;
accordingly, in the solid phase of the gel system, there is a marked increase in the modulus
of elasticity and its dominance [40]. A higher concentration of wheat fibers in the system al-
lows greater intermolecular interaction, contributes to cross-linking, increasing the amount
of elastic components in the system and indicates the formation of stable cross-linked gel
structures [41].

The application of additives during the hydration process of the wheat fiber fat mimetic
caused a statistically significant (p < 0.05) increase in the values of tan δ for gels with the
same wheat fiber concentrations, and reduced the elastic nature of fat mimetics.

The viscoelastic properties of observed fat mimetics under the influence of constant
stress are determined by creep and recovery curves. Under the influence of constant stress,
the intermolecular bonds in the sample are stretched. The initial compliance (J0) is related to
initial elastic deformations, and the subsequent compliance of the system (J1) to viscoelastic
deformations. This phase is described by the first part of the creep curve. Creep phase
is followed by a recovery phase in which there is no stress and during which the balance
between intermolecular bonds is established; a so called equilibrium. During the recovery
phase the system is partially recovered from the effect of stress. The resistance of viscoelastic
materials to the constant stress is usually non-linear and the permanent deformation of
these systems is usually smaller than the total deformations applied to the system due to
their ability to recover a significant part of structures with stored energy [23,42]. Creep
and recovery curves of wheat fiber fat mimetics shown in Figure 7 correspond to typical
creep and recovery curves of viscoelastic systems. Obtained creep and recovery curves
correspond to the equations of the Burger’s model with a high coefficient of determination,
r = 0.9986 – 0.9997.

Sustainability 2023, 15, 1887  10  of  14 
 

The ratio between elastic and viscous bonds (tan δ) in these systems was less than 1, 

which pointed to the dominance of the elastic modulus as a consequence of hydrodynamic 

forces and particle interaction [39]. With an increase in the volume fraction of particles; 

accordingly, in the solid phase of the gel system, there is a marked increase in the modulus 

of elasticity and its dominance [40]. A higher concentration of wheat fibers in the system 

allows  greater  intermolecular  interaction,  contributes  to  cross‐linking,  increasing  the 

amount of elastic components in the system and indicates the formation of stable cross‐

linked gel structures [41]. 

The application of additives during the hydration process of the wheat fiber fat mi‐

metic caused a statistically significant (p < 0.05) increase in the values of tan δ for gels with 

the same wheat fiber concentrations, and reduced the elastic nature of fat mimetics. 

The viscoelastic properties of observed fat mimetics under the influence of constant 

stress are determined by creep and recovery curves. Under the influence of constant stress, 

the intermolecular bonds in the sample are stretched. The initial compliance (J0) is related 

to initial elastic deformations, and the subsequent compliance of the system (J1) to viscoe‐

lastic deformations. This phase  is described by  the  first part of  the creep curve. Creep 

phase is followed by a recovery phase in which there is no stress and during which the 

balance between intermolecular bonds is established; a so called equilibrium. During the 

recovery phase the system is partially recovered from the effect of stress. The resistance 

of viscoelastic materials  to  the constant stress  is usually non‐linear and  the permanent 

deformation of these systems is usually smaller than the total deformations applied to the 

system due to their ability to recover a significant part of structures with stored energy 

[23,42]. Creep and recovery curves of wheat fiber fat mimetics shown in Figure 7 corre‐

spond to typical creep and recovery curves of viscoelastic systems. Obtained creep and 

recovery curves correspond to the equations of the Burger’s model with a high coefficient 

of determination, r = 0.9986 – 0.9997. 

 

Figure 7. Creep and recovery curves of wheat fibers fat mimetics (a) influenced by wheat fibers 

concentration and (b) influenced by additives addition 

Based on  this, observed  fat mimetics had some  resistance  to  the applied constant 

stress and exhibited specific compliance. During the relaxation phase, they showed a sig‐

nificant recovery ability. Figure 7a shows that increased fiber concentration in fat mimetic 

reduced the compliance of the gel system, pointing to their higher viscosity. The structure 

of WFG  fat mimetics with additives had higher values of compliance compared  to  the 

same  fiber  concentrations; accordingly,  they are more  susceptible  to deformation  than 

WFG fat mimetics without additives (Figure 7b). 

This was additionally confirmed by the contribution of the elastic and viscous defor‐

mation in maximum compliance, shown in Figure 8. The addition of additives increased 

Figure 7. Creep and recovery curves of wheat fibers fat mimetics (a) influenced by wheat fibers
concentration and (b) influenced by additives addition.

Based on this, observed fat mimetics had some resistance to the applied constant stress
and exhibited specific compliance. During the relaxation phase, they showed a significant
recovery ability. Figure 7a shows that increased fiber concentration in fat mimetic reduced
the compliance of the gel system, pointing to their higher viscosity. The structure of
WFG fat mimetics with additives had higher values of compliance compared to the same
fiber concentrations; accordingly, they are more susceptible to deformation than WFG fat
mimetics without additives (Figure 7b).

This was additionally confirmed by the contribution of the elastic and viscous de-
formation in maximum compliance, shown in Figure 8. The addition of additives in-
creased the amount of viscous lost deformation after the recovery phase at all observed
fiber concentrations.
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3.4. Textural Properties of Wheat Fiber Fat Mimetics

Analyses of the viscoelastic properties of the gel structure were performed at small
deformations and in conditions where the structure was not damaged. Industrial processes,
as well as the application of gel systems such as wheat fiber fat mimetics, often require the
application of high stress. Therefore, the large deformation tests are very useful in char-
acterizing gel systems, especially in combination with fundamental rheological analysis.
Large deformation analysis includes textural methods and is based on the deformation of
the sample to the point of permanent structural change [28]. The textural characteristics of
wheat fiber fat mimetics were investigated by the reverse extrusion method. Texture param-
eters, which indicate the susceptibility of the investigated systems to large deformations,
are shown in Table 3.

Table 3. Textural parameters of wheat fiber fat mimetics without and with additives.

Wheat Fiber Fat
Mimetic

Concentration
(%)

Firmness
F1 ± SD

(g)

Consistency
A1 ± SD

(gs)

Cohesiveness
F2 ± SD

(g)

Index of
Viscosity

A2 ± SD (gs)

1 17.00 ± 0.07 a 392.78 ± 1.12 a −12.18 ± 0.37 a −1.07 ± 0.06 a
3 16.99 ± 0.17 a 406.10 ± 3.75 a −12.48 ± 0.28 a −1.18 ± 0.04 a
5 19.09 ± 1.38 b 686.13 ± 4.61 c −14.37 ± 1.28 b −2.44 ± 0.21 b
7 45.56 ± 0.18 d 910.59 ± 14.75 d −26.63 ± 0.12 d −54.45 ± 0.10 d

10 46.46 ± 0.26 d 1368.44 ± 22.49 f −36.91 ± 0.70 e −96.10 ± 1.70 f
5 + additives 16.32 ± 0.21 a 420.30 ± 25.44 a −12.21 ± 1.02 a −1.26 ± 0.09 a
7 + additives 34.19 ± 1.66 c 506.10 ± 41.10 b −20.77 ± 2.06 c −48.65 ± 2.10 c

10 + additives 38.83 ± 0.57 c 1030.97 ± 14.07 e −28.82 ± 1.68 d −70.98 ± 6.47 e

Values are presented as mean value of 3 measurements ± standard deviation. a–f Values followed by the same
letter within the same column are not significantly different (p > 0.05) according to Duncan’s test.

All presented textural parameters of the systems with additives are reduced compared
to the texture parameters of fat mimetics without additives. The measurements of systems
at a low fibers content (1% and 3% of fibers) with additives were not achievable due to the
extremely weak and liquid consistency of those systems.

The consistency of the fat mimetics with additives decreased in the range for 24.66
up to 44.42% compared to WFG fat mimetics without additives. A decrease in firmness
and consistency led to a decrease in the cohesiveness and viscosity of the gel systems
with additives. Higher fibers concentrations (7 and 10%) contributed to the texture of fat
mimetics; thus, reduced the negative effect of additives in smaller amounts.

The presence of small molecules of additives, also of a hydrophilic nature, interferes
with hydration and physically prevents the cross-linking of fibers [43]. The structural
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interactions in the mixture of wheat fiber fat mimetics and additives affected the rheological
and functional properties of the fat mimetic gel, reducing the degree of cross-linking and
stability of the formed structures.

4. Conclusions

This analysis of fiber fat mimetic, based on mainly wheat fibers (70%) and on smaller
amounts of maltodextrin, determined observed WFG fat mimetic as an antithixotropic gel
system with a non-Newtonian type of flow from the rheological aspect of determination.
Viscoelastic properties of this fat mimetic are exhibited at fiber concentrations above 3%.
In those gel systems the dominance of the elastic component is highly manifested and the
observed fat mimetic exhibited adequate resistance to applied stress and a good ability
to recover after the stress. The good flow properties of highly concentrated WFG gels are
partly achieved by the specific globular spatial structure of wheat fibers and by the fine
mainly uniform particle size distribution.

Textural characteristics of WFG fat mimetic increased with the fiber concentration and
confirmed less susceptibility to large deformation conditions at higher fiber concentrations.

Thus, these highly concentrated gel systems showed adequate hydration and gel-
forming ability, good flow ability, good compliance with small deformation, and sufficient
resistance to large deformation. All these properties of WFG fat mimetics at a concentration
above 3% provide adequate functional properties of fat mimetic and an ability to achieve
the role of continuous phase in food products such as fat.

The application of additives, which are small molecules, had negative influence on
rheological and textural properties of WFG fat mimetics. The polar hydrophilic molecules
of additives compete with hydrophilic wheat fibers during hydration, and thus, disturb
their adequate networking. That was reflected by the significant reduction in all observed
functional properties of WFG fat mimetic. The obtained results indicate that the application
of additives in the mixture with wheat fibers fat mimetics is undesirable. The additives
cannot be applied before or during the formation of the fat mimetic gel to obtain a stable
cross-linked gel with adequate rheological, textural and functional properties.

The possible application of wheat fiber fat mimetics in the development of low or
no-fat food products is in accordance with the increasing demand for utilization of industry
byproducts and sustainable food production, considering that the wheat fibers originate
from wheat byproducts (wheat plant, wheat bran, husk, etc.). The behavior of wheat fiber
fat mimetics in real food systems should be examined trough the rheological, textural
and sensory analysis during application in certain low fat food products in some further
experimental work.
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