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Abstract: Starch and plant or animal proteins represent a rich source that can be used for fortifying
meat products. The present study aimed to analyze how the different additives used (soy protein
isolate, chickpea flour, lupine concentrate, sodium caseinate and starch, in 2% concentration) influence
the rheological properties of beef emulsions and gels, cooking losses and the texture of the finished
products. Rheological parameters G’ (storage modulus), G* (complex modulus) and Delta angle
were determined by increasing the temperature from 5 to 70 ◦C, with a rate of 1 ◦C/min. The study
highlighted that the addition of vegetable proteins (soy, chickpeas and lupine) improved strength of
meat gels (G’ > 1057.8 Pa), while the addition of sodium caseinate and starch reduced the consistency
of the gel network structure (G’ < 1057.8 Pa). All additions led to a decrease in heat treatment losses
(a reduction of maximum 62% of cooking loss, from 11.89% for control to 4.54% in case of samples
with added starch) and the hardness of heat-treated products. The maximum reduction of hardness
was observed for samples with added starch, from 2.83 kgf to 1.08 kgf.

Keywords: meat formulations; beef; rheological properties; plant-based ingredients

1. Introduction

Obtaining meat products has lately involved experimenting with different formulas
that include products/ingredients of vegetable or animal origin in order to improve the
quality of finished products, to supplement the protein intake through cheaper sources
or increase yields in finished products. In 1970, it was mentioned the addition of soy
derivatives to meat preparations for their ability to emulsify fats, stabilize emulsions,
improved nutritional properties and yields [1].

The quality of the finished products depends on the raw materials quality, the ingredi-
ents used and the processing technologies.

Minced meats are considered emulsions whose stability depends on the quantity and
quality of proteins that influence the binding of fats, water retention, generating gels that
can be filled, complex or mixed [2]. Gel formation is a combination of intrinsic protein
factors (hydrophobicity, electrostatic interactions, disulphide bonds, molecular weight,
amino acid composition) and extrinsic factors (protein concentration, pH, temperature,
ionic strength, pressure) that control the degree of unfolding or denaturation and refolding
or association in the ordered protein matrix [3,4].

Amylaceous or protein derivatives (of vegetable or animal origin) have good emulsify-
ing properties favoring the formation of gels; they have the ability to bind water, reduce heat
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treatment losses and influence the sensory properties of finished products, thus dictating
the degree of acceptance [5,6].

Soy proteins help meat emulsions stabilization, forming gels that act as a matrix for
water and fat retention [7–9]. The study of replacing the fat in beef compositions with soy
protein, whey protein or gluten showed that soy proteins are more effective in retaining
water and reducing boiling loss than whey and gluten proteins [7]. Urbonaite et al. (2015)
studied the quality of soy protein gels and showed that there was a correlation between
the fineness of soy gels and their ability to retain water, coarse gels losing water more
easily [10]. Pork gels in which soy derivatives were added showed different properties
of fineness/porosity, cohesiveness and breaking strength, depending on the treatments
previously applied to the derivatives (native, heated, hydrolyzed) [11]. The association
of soy protein isolate with carrageenan (soy protein isolate and carrageenan mixture) did
not generate hardness increases in low-fat pork batters compared to soy-only samples
but decreased heat treatment loss [12]. The incorporation of textured soy granules in beef
burger patties significantly reduced the color, appearance, flavor, tenderness, juiciness, taste
and overall acceptability in comparison with control but significantly improved cooking
loss [13]. Das et al. (2007) analyzed the influence of adding full fat soy paste to goat meat
patties and found that emulsion stability and sensory attributes of patties decreased with
increasing levels of full fat soy paste [14].

The addition of polysaccharides in food is used for gelling, stabilization and improve-
ment of texture, fat emulsification, flavor retention, and syneresis control [15]. Modified
starch is a potentially good source for controlling the binding properties of frankfurter
products. Analyzing the emulsifying capacity of meat compositions with the starch ad-
dition, it was found that acid-modified starches had a higher emulsifying capacity and
imprinted higher hardness to heat-treated products, compared to native potato starch and
dextrinized starch [16]. The increase of starch concentration in the meat pastes generates
the decrease of the emulsification capacity and hardness of the samples. Added starch in
mechanically deboned turkey meat led to a decrease in heat treatment losses, an increase in
juiciness, but also a reduction in flavor intensity [9].

There are numerous studies on the use of casein in meat pastes to improve the quality
of emulsions and gels [9,17–21]. Colmenero et al. (2010) studied the stabilization with
sodium caseinate of the emulsions for Frankfurters in which pork fat was replaced with
olive oil, the obtained products having good water and fat binding properties, with stronger
structures, but comparable general acceptability scores to the Frankfurters formulated with
pork fat [17]. The texture of chicken sausages was improved by added casein, soybean
protein and whey protein isolate, modified by transglutaminase, the addition of these
biopolymers being able to allow reduction in phosphate content without loss in texture [18].
The use of casein-based hydrogels was studied for the controlled delivery and release of
biomolecules such as vitamins and unsaturated fatty acids [20], for the addition of fish oil
to meat products and the development of functional foods [19].

Legume proteins (peas, lentils, lupine, chickpeas, etc.) were increasingly used among
meat analog producers [5,22]. They are of particular interest due to their nutritional value,
availability, low price and health benefits [23,24].

Lupine is a legume with high protein content, balanced in terms of amino acid
content, low in alkaloids and high in carbohydrates and insoluble fiber, which allows
its use to replace animal proteins [25]. Studying the functional properties of lupine,
Lara-Rivera et al. (2017) showed that the indexes of emulsion activity and emulsion stabil-
ity were influenced by the pH, different varieties influencing water-holding capacity, but
not oil holding capacity [26]. When the fat was replaced in sausage pasta with inulin or
lupin-kernel fiber products were obtained that have provided a higher degree of satiety to
subjects and a good degree of acceptability [27]. Development of low-fat meat products by
adding protein or carbohydrate derivatives was also studied by other researchers [8,28].

The utilization of chickpea in different forms (roasted, fermented, baked, extruded) for
the preparation of various food products, such as hummus, muffin, biscuits, pasta, ready to
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eat snacks, pork bologna, chicken nuggets has been studied [29]. The addition of chickpea
protein concentrates to obtain “Merguez” sausage had a significant impact on the textural
properties, improved color stability and decreased lipid oxidation [30]. Chickpea protein
isolates produced by isoelectric precipitation had higher solubility, formed emulsions
with smaller droplet size, and showed high emulsifying activity and stability that were
comparable to the soy protein isolates [24]. Studies showed that most of the functional
properties of chickpea proteins were comparable with or superior to those of soy and
animal origin proteins tested [31]. Some researchers mention the increased cooking yield,
cohesiveness and firmness of low-fat pork bologna in whose composition was added
chickpea flour [32].

Most of the rheological studies refer to simple chemical systems such as protein
concentrates, protein extracts, polysaccharide solutions, pectic gels, etc. The current study
aimed to investigate the gelling behavior at high temperatures for meat compositions as
used in industry, compositions that are complex systems made up of meat proteins, fats,
water, salt, nitrites, polyphosphates, to which starch or protein derivatives are added. These
models are found in practice when obtaining minced meat products (salami, sausages) or
canned minced meat. The rheological behavior of the proposed formulations is the result
of the interactions between the system components and could allow the establishment
of correlations with the yield, hardness and juiciness of cooked products and acceptance
by consumers.

On the other hand, such studies allow the creation of new products by valuing veg-
etable or animal derivatives, which are more accessible, and ensure the development of a
sustainable food industry.

2. Materials and Methods
2.1. Raw Materials

Emulsions from beef, fat, water, salt, sodium nitrite and polyphosphates were used
as basic emulsions for different studied formulations. Beef, purchased from SC Intern
SRL, Romania, had the following chemical composition: 74.15% water, 20.12% proteins,
4.56% lipids and 0.93% ash. The chemical composition were assessed using the following
methods: the moisture content with a drying oven SLW 53 (Pol-Eko-Aparatura, Wodzisław
Śląski, Poland)—AOAC 39.1.02; the protein content, Kjeldahl method (Raypa Trade, R.
Espinar, S.L., Barcelona, Spain)—AOAC 39.1.15; the fat content, Soxhlet method (Gerhardt
GmbH & Co.KG, Königswinter, Germany)—AOAC 39.1.08 and the ash content with
calcination oven LAC s.r.o. (Židlochovice, Czech Republic)—AOAC 39.1.09 [33].

The control sample—beef-based emulsion (B), consisted of 70% muscle tissue (Semimem-
branosus), 30% fatty tissue (from SC Intern SRL, Ilfov, Romania), 15% water, 2.0% salt, 0.5%
polyphosphates, and 0.015% sodium nitrite. To this basic emulsion, 2% of soy protein
isolate (BSPI) (Supro 33), containing 90% protein, 6% water, 1.5% fat, and 5% ash (according
to manufacturer), chickpea flour (BCh) (wih 20.8% protein, 6.24% fat, 9.5% water), lupine
concentrate (BL) (Lupipro 550), containing 75% protein, 0,5% fat, and 2.45% ash, sodium
caseinate (BCs) (RovitaHV2) with 88.0% protein, 8% water, 1.5% fat, 6% ash, and native
potato starch (BSt) (0.05% protein, 0.09% fat, 0.5% ash, 21% water) were added, to which
hydrating water was also added. The protein derivatives, starch, salt, nitrites and polyphos-
phates were purchased from SC Aromatique Food Ltd., Romania. Hydrating water was
added according to the recipes used in production, as presented in Table 1.

The meat, fat, chilled water, auxiliaries and protein and starch additions were finely
ground at 3000 rpm for 40 s, with Blixer 3 (Robot Coupe, Montceau en Bourgogne, France).
The meat emulsions were stored for 12 h at 0–4 ◦C until rheological testing and cooking.
The filling of the composition into membranes was performed under laboratory conditions
with an EKM3710 robot (Electrolux, Stockholm, Sweden), using synthetic membranes
(Pioneer RTOR, Iaşi, Romania) with a diameter of 20 mm, the samples being then heat
treated in hermetically sealed containers, at a temperature of 70 ◦C, at a growth rate of
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1 ◦C/min, for 10 min in the thermal center of the product, measured with a thermocouple.
The cooled samples were stored at 0–4 ◦C for 12 h prior to investigations.

Table 1. Formation of beef emulsions fortified with different protein and amylaceous derivatives.

Ingredients, g
Samples

B BSPI BCh BL BCs BSt

Beef 70 70 70 70 70 70
Fat 30 30 30 30 30 30

Water 20 28 28 28 28 28
NaCl 2 2 2 2 2 2

Polyphosphates 0.3 0.3 0.3 0.3 0.3 0.3
NaNO2 0.015 0.015 0.015 0.015 0.015 0.015

Chickpea flour - - 2 - - -
Lupine protein

concentrate - - - 2 - -

Soy protein
isolate - 2 - - - -

Sodium
caseinate - - - - 2 -

Starch - - - - - 2

B—control sample (no additions); BCh—beef emulsion with chickpea flour; BL—beef emulsion with lupine
concentrate; BSPI—beef emulsion with soy protein isolate; BCs—beef emulsion with sodium caseinate; BSt—beef
emulsion with starch.

2.2. Rheological Properties Determinations

Rheological properties of meat emulsions were studied by the means of low amplitude
oscillatory tests using a TA2000ex Rheometer (TA Intruments Ltd., New Castle, DE, USA).
The temperature was controlled with a Peltier Plate. Samples were placed between Petier
Plate and a 2◦ cone geometry of 40 mm in diameter. The gap between plates was set to
2 mm. Water evaporation during tests was avoided by covering the edges with a silicone oil
(density = 0.98–1.01 g/mL, Merck KGaA, Darmstadt, Germany). Temperature ramp tests
were performed by increasing the temperature from 5 to 70 ◦C, with a rate of 1 ◦C/min.
During tests, strain value was set at 0.5% determined to be within linear viscoelastic range
with a strain sweep test. The oscillatory frequency was set at 1 Hz. Rheological parameters
G’ (storage modulus), G” (loss modulus), G* (complex modulus) and Delta angle were
recorded. Protein denaturation temperature was assessed by calculating the first derivative
of the third-order polynomial equation that best fitted the inflexion domains (the highest
R2 registered), namely 20–70 ◦C [34,35].

2.3. Textural Analysis

The cutting force, also known as Warner-Bratzler shear force was determined using
the TA-XT Plus Texture Analyser (Stable Micro Systems Ltd., Godalming, Surrey, UK).
The operating parameters were: 25 kg cell, cutting speed 1.5 mm/s, piston retraction speed
10 mms−1, distance 30 mm. The maximum force required to cut the sample was recorded.

2.4. Cooking Losses

Samples were weighed before and after the heat treatment. The total losses, expressed
in water and fat, were calculated with Equation (1).

Cooking loss [%] = 100
M1−M2

M1
(1)

where: M1—sample weight before the heat treatment; M2—sample weight after heat treatment.
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2.5. Microscopic Investigations

The appreciation of gel structures after heat treatment of the samples was highlighted
by the means of images obtained with a Stereomicroscope with integrated digital camera,
type Leica E.Z.4, zoom magnification 8X (Leica Microsystems, Wetzlar, Germania).

2.6. Statistical Analysis

The statistical analysis of the results was carried out using Statgraphics Centurion
XVI.I software. The data were subjected to single factor ANOVA analysis, considering
a significance level of 95.0%. Fisher‘s least significant difference (LSD) test at a 95.0%
confidence level was used to determine differences between mean values. All analyses
were carried out in duplicate for rheological properties and five replicas for the rest of the
investigations, and data were reported as mean values ± standard deviation.

3. Results and Discussion
3.1. Rheological Properties

In order to estimate the effect of the thermal treatment on the rheological behavior
of the meat butters fortified with different protein and amylaceous derivatives, the vis-
coelastic properties of the emulsions were studied by performing temperature ramp tests.
The rheological transformations of the beef compositions with protein and amylaceous
additions induced by heat are presented graphically in Figure 1, as G* (complex modulus)
evolution as a function of temperature. Complex modulus is a measure of viscoelasticity
including both G′ and G” moduli: G* =

√
G′2 + G′′2.
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Figure 1. The effect of different non-meat ingredients on rheological behavior of beef emulsions
during small amplitude oscillatory temperature ramp test. B—control sample (no additions);
BCh—beef emulsion with chickpea flour; BL—beef emulsion with lupine concentrate; BSPI—beef
emulsion with soy protein isolate; BCs—beef emulsion with sodium caseinate; BSt—beef emulsion
with starch.

As a general trend, it could be observed that over the considered temperature range,
the G’ values were significantly higher than G” (p > 0.05) for all samples, indicating a
predominant elastic behavior, with a solid like structure (data not shown).

As can be seen from Figure 1, during the first phase of the heating process, at low
temperature (5–30 ◦C), G* values decreased. The phenomenon could be associated with
some combined chemical transformations such as fat melting, thermal protein weaken-
ing, polypeptide chains unfolding and destruction of the proteins structure, and partial
dehydration of proteins. At the same time, the water removed from meat particles during
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the process, becomes free water and acts as a lubricant. In the range of 30–35 ◦C, it was
estimated that the low elasticity of the meat emulsion was due to the fact that myofibrillar
proteins (actin, actomyosin and myosin) undergo major structural and conformational
changes during heating that cause their denaturation. Tropomyosin also separates from
actin filaments, and above 40 ◦C the endothermic transition of the myosin molecule and its
subfragments, HMM and LMM, takes place [36].

Above the temperature of 45 ◦C, all rheograms presented an ascending evolution
due to the formation of new, more stable bonds between the polypeptide chains and the
coagulation of the structural proteins that determine the formation of the gel structure.

Protein denaturation and gel formation is usually marked by the presence of inflection
points in the G* curve. As can be seen from Figure 1 all samples presented G* increasing
values approximately after 40 ◦C, in accordance with other findings [35,37]. As a general
trend, the rheograms obtained for all samples showed the same profile in the temperature
range 45–70 ◦C, major differences being found in the range of 5–45 ◦C. In case of control,
the G* curve presented a continuous increase after 40 ◦C up to the end of the test. In this
respect, it can be mentioned that the main contractile muscle proteins, myosin and actin,
present denaturation points between 54 and 58 ◦C in case of myosin and 80–83 ◦C for actin,
while for collagen and other sarcoplasmic proteins 65 to 67 ◦C were reported [38].

The increase of G* value may be due to the cross-links formed between meat proteins,
meat proteins and other constituents of the compositions, which make the emulsions more
cohesive, less sensitive to temperature variation and which subsequently develop gel
network during heating.

The much higher values of G* in the samples with vegetable protein additions at the
beginning of the test, compared to the control sample, could be the result of some chemical
interactions between meat and vegetable proteins (soy, chickpeas and lupine), vegetable
proteins, proteins and water, and also proteins and fat. The same trend can be observed for
G’ and delta values until denaturation temperature, as shown in Table 2.

Table 2. Some rheological parameters shown by beef emulsions supplemented with different non-
meat ingredients.

Sample Denaturation
Temperature (D.T.)

Delta Value, ◦ G’ Value, Pa

5 ◦C—D.T. D.T.—70 ◦C 5 ◦C—D.T. D.T.—70 ◦C

B 47.9 ± 0.23 b 16.39 ± 0.21 a 18.22 ± 0.10 a 1353.4 ± 9.8 a 1057.8 ± 8.6 c

BSPI 46.7 ± 0.26 b 18.18 ± 0.25 b 16.12 ± 0.47 b 1732.8 ± 2.7 b 1068.0 ± 3.7 c

BCh 50.3 ± 0.34 b 16.74 ± 0.30 a 15.50 ± 0.20 b 2496.4 ± 40.5 c 1606.2 ± 20.2 d

BL 47.4 ± 0.75 b 16.75 ± 0.19 a 15.86 ± 0.11 b 1883.1 ± 23.7 d 1693.4 ± 42.1 d

BCs 42.6 ± 0.16 a 30.13 ± 0.37 c 17.78 ± 0.34 a 646.4 ± 6.4 e 864.0 ± 24.1 b

BSt 42.6 ± 0.88 a 31.63 ± 0.03 d 17.98 ± 0.35 a 571.4 ± 6.8 e 636.6 ± 16.1 a

Values with similar letters within a column are statistically similar at a 95.0% confidence level. B—control sample
(no additions); BCh—beef emulsion with chickpea flour; BL—beef emulsion with lupine concentrate; BSPI—beef
emulsion with soy protein isolate; BCs—beef emulsion with sodium caseinate; BSt—beef emulsion with starch.

These may cause the formation of dense and elastic emulsions, which includes the
water and fat, while in the control sample only solubilized meat proteins bind water and fat,
resulting in a less dense, adhesive and elastic composition. Additionally, fibers contained
by vegetable ingredients have a high hydration capacity and can favor the elasticity of
the mixture.

At the transition temperature of the protein sol to gel, the structure of the gel network
was strongly consolidated by continuing the heat treatment. Heating of the samples above
the temperature of 50 ◦C determined an increase in the elasticity of the gels formed, an
increase resulting from the fact that the partially or totally denatured proteins form new
bonds, more stable, with the generation of a three-dimensional network.
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Table 2 present temperature values associated with the beginning of protein denatura-
tion and gel formation, as determined from G’ vs. temperature curves by first derivative of
the third-order polynomial equation. The third order polynomial equation was applied
for G’ values between 20 and 70 ◦C. It could be seen that for samples containing different
legume derivatives (soy protein isolate, chickpea flour and lupine protein concentrate)
temperature values associated with the beginning of the denaturation process and gel
formation were rather close to the control sample, while when caseinate and starch were
used, temperature values associated with the phenomenon were much lower. The same
observation was made also in the case of storage modulus values. Average Delta and G’
values were calculated before and after the estimated denaturation temperature (Table 2).
Usually, G’ values are associated with material’s consistency. Thus, it could be appreci-
ated that both row emulsions and thermal gels containing caseinate and starch presented
a lower consistency in comparison to samples supplemented with protein derivatives
from legumes.

Samples with starch and sodium caseinate (Figure 1) showed much lower G* values
compared to the control sample, but very close to each other at the first part of the test
(Table 2). The reduction in the modulus in the case of starch and caseinate compositions
can be explained by the high hydration ratio. This resulted in an increase in the free water
in the system which would reduce the interactions between the particle surfaces and the
viscosity of the liquid phase [39].

The loss modulus had a general downward evolution throughout heating with
some small deviations. Thus, the control samples, with starch and sodium caseinate,
recorded slightly increasing evolutions on the interval 5–10 ◦C and 5–15 ◦C, followed by
descending evolution.

At the end of the test, loss modulus (G”) presented lower values for the samples
with protein of chickpeas, soy, lupine, control and slightly higher for sodium caseinate
and starch. Temperatures of 60–70◦C also corresponded to the gelling temperatures of
plant proteins.

3.2. The Effect of Protein and Starch Addition on the Cutting Force

The influence of protein derivatives and starch addition on the texture of the products
was appreciated through cutting force (Table 3). It can be observed that the highest cutting
force was recorded for the control sample, followed by the samples with protein additions.
The samples with the highest cutting forces were those with added soy and lupine, followed
by the sample with chickpea flour addition. However, statistical similarities resulted for
lupine and chickpea containing samples, the one with soy protein isolate in composition
being significantly harder than the previous two. The lowest shear forces were recorded
for samples containing sodium caseinate and starch, the former being though the softest
(p < 0.05). Thus, results are in agreement with rheological behavior. The decrease in the
hardness of products obtained from different types of meat to which vegetable protein
derivatives or starch have been added has been reported by various researchers [40–43].

Table 3. Variation of some textural parameters depending on the nature of the additives used.

Parameter Composition

B BSPI BCh BL BCs BSt

Cutting force, kgf 2.83 ± 0.038 e 2.65 ± 0.023 c 2.13 ± 0.043 d 2.52 ± 0.013 d 1.65 ± 0.006 b 1.08 ± 0.002 a

Cooking losses, % 11.89 ± 1.138 d 9.07 ± 0.115 c 7.69 ± 0.163 b 8.64 ± 0.143 c 5.31 ± 0.152 a 4.54 ± 0.188 a

Values with similar letters within a row are statistically similar at a 95.0% confidence level. B—control sample
(no additions); BCh—beef emulsion with chickpea flour; BL—beef emulsion with lupine concentrate; BSPI—beef
emulsion with soy protein isolate; BCs—beef emulsion with sodium caseinate; BSt—beef emulsion with starch.

It can therefore be said that samples that showed the lowest resistance to chewing,
hence that formed the weakest gel network, were those containing sodium caseinate and
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starch, followed by the products that incorporated vegetable proteins, then the control
sample, which also showed the strongest structure after heat treatment.

The cutting force is influenced by a number of factors such as the type of meat, the
ratio of muscle tissue-connective tissue-fatty tissue in the compositions, the water content
of the compositions, the degree of chopping of the components, the boiling temperature
but also the additives used to make the compositions. In comparison, for whole muscles,
textural parameters are mostly influenced by the tumbling regime and the brine injection
level [44], the salts or enzymatic preparations addition [45].

Additionally, the shear force can be correlated with the functional properties of the
additives used, more precisely with their ability to bind water. Thus, the components
able to bind and incorporate in the structure the largest amount of water, leading to the
softest textures.

3.3. The Influence of Amylaceous and Protein Additives on Cooking Losses

The aqueous phase of minced and emulsified meat paste is a complex mixture of
muscle fibers, myofibrils, actin, myosin, actomyosin and other myofibrillar proteins, as
well as sarcoplasmic and stromal proteins that occur either in dissolved state or in the
form of aggregates. As a result of the applied heat treatment, meat proteins and proteins
from other sources initially suffer a denaturation phenomenon and then participate in
various protein–protein interactions that contribute to the formation of the gel network
structure which sequester water and stabilize the emulsion. As can be seen from Table 3,
increasing the concentration of proteins in the aqueous phase of the emulsions, contributed
to improving the water retention capacity of the system and to stabilizing the emulsions,
reducing the total losses during heat treatment (water + fat) in relation to the control sample
and increasing the yield of the finished product. The same observation could be made
in the case of starch addition. The increase in salts in addition to meat compositions also
generated a decrease in the cooking loss [46].

In the case of vegetable protein additions, the lowest loss was recorded in the sample
with chickpea flour addition, with statistically different values (p < 0.05) in comparison
to sample containing soy protein isolate and lupine, a situation that can be explained due
to the fiber content that was also capable of retaining water. Moreover, with exception of
the sample containing chickpea flour, there was observed a linear correlation (R2 = 0.8878)
between denaturation temperature (Table 2) and cooking losses.

The lowest losses were recorded in the samples with sodium caseinate and starch
additions. These results were also correlated with the textural properties; the lower values
recorded for the shear force indicating a softer structure for the starch and caseinate
compositions, most likely due to the water retained in the gel network and the type of bonds
formed. The obtained results were consistent with those published by other researchers.
The use of cereal (oat, wheat) and legume flours (soy, chickpea) instead of fat significantly
increased the moisture and fat retention of cooked meat patties [47]. For beef sausages,
in which part of the meat was replaced with texturized vegetable protein, the hydration
capacity increased [40]. Other researchers appreciated that starch addition generates high
water-oil retention capacity in the system and improves rheological properties and stability
of meat emulsions [48].

A reduction in heat treatment and refrigeration losses was also recorded, correlated
with a decrease in the product hardness for the starch samples and an increase in the yield
after boiling for the protein-added compositions compared to the control. Other studies
showed that the addition of starch improved product juiciness [49,50].

3.4. Investigation of the Microscopic Structure of Beef Compositions with Different Additions,
Subjected to Heat Treatment

The section appearance of meat products emulsified and restructured by heat treatment
is one of the sensory parameters that define the quality of meat preparations.
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From Figure 2a–f it can be seen that the structure of the samples in section was different
in terms of fineness of composition and the presence and frequency of gel-filled gaps. There
were also obvious differences in the color of the products, another criterion that defines the
sensory quality of meat dishes.
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Figure 2. Stereomicroscopic image of beef compositions with different additions. B—control sample
(no additions); BCh—beef emulsion with chickpea flour; BL—beef emulsion with lupine concentrate;
BSPI—beef emulsion with soy protein isolate; BCs—beef emulsion with sodium caseinate; BSt—beef
emulsion with starch. (a) Stereomicroscopic image of the B gel; (b) Stereomicroscopic image of the
BCh gel; (c) Stereomicroscopic image of the BL gel; (d) Stereomicroscopic image of the BSPI gel; (e)
Stereomicroscopic image of the BCs gel; (f) Stereomicroscopic image of the BSt gel.

Thus, the samples that showed the best homogeneity and fineness were those with
added sodium caseinate and starch, followed by the sample with soy protein isolate, while
the control samples, with chickpea flour and lupine concentrate showed porous structures,
less fine, with numerous gaps. The gaps in the products, both in terms of their number and
size, were more evident in the case of samples containing chickpea flour, lupine concentrate
and in the case of the control sample.

The homogeneous, low-porosity appearance of the samples with added sodium ca-
seinate and starch can be explained by the gelatinization of starch and the gelation of
caseinate during heating. The gel solutions formed filled the gaps between the meat and
fat particles constituting the meat emulsions and, together with the protein gel solutions,
contribute to the binding of the mass of the composition into a unitary whole. The porous,
less fine and homogeneous structure of the samples containing chickpea flour and lupine
concentrate may be due to the presence of fibers, which have filiform molecules, with
high hydration capacity and high molecular weight, which makes them evident after the
hydration process and gelling. The elimination of air gaps or with gelatin-filled gaps, in
industrial practice, is achieved by using vacuum machines to fill the composition into
membranes, a condition that could not be met in the experiment.
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The control sample showed the most intense color, followed by the samples with
soy isolate, chickpea flour and lupine concentrate. The addition of caseinate and starch
led to a significant change in the color of the finished products, motivated by the large
difference in color between the meat and these functional ingredients. The use of these
ingredients requires the insertion of specific food additives to improve color. Additionally,
plant extracts, as a source of natural antioxidants, and essential oils can be used to prevent
the oxidation of meat pigments [51,52].

4. Conclusions

Rheological measurements showed that the addition of vegetable proteins (soy, chick-
peas and lupine) improved the strength of meat gels, while the addition of casein and
starch reduces the strength of the gel network formed by meat and fat.

Throughout the tests, G′ registered higher values than G” which indicated a predomi-
nantly elastic behavior for all investigated samples.

The deformation angle of the emulsions was higher for the control samples with added
sodium caseinate and starch, and lower for the samples with vegetable protein additions,
the decreasing evolution of the rheograms with increasing temperature indicating the
improvement of the elastic properties at gelation. The compositions with the highest values
of δ were characterized by pronounced fluidity in the case of emulsions and by the lowest
gel rigidity.

Linear correlations were observed between denaturation temperatures of samples and
cooking loss.

The cutting force decreased for all additions and recorded the lowest values for
compositions with added casein and starch, the hardness being lower for all samples
compared to control.

All additions decreased the cooking losses, the lowest being recorded in the samples
with starch and casein, followed by the samples with added vegetable proteins. Cooking
losses were correlated with cutting forces.

Investigation of the microscopic structure showed that increasing the number of fibers
in the gels led to the porous and less homogeneous structures.

Due to the complexity of the derivatives used, it is appropriate to carry out further
studies to establish additional correlations between the rheological behavior and yield or
other indicators of interest.
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