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1. Introduction

In recent years, there has been an increase in 
research on fat replacement strategies due to the neg-
ative health impacts of animal-derived fats present 
in meat and meat products. In particular, the elevat-
ed saturated fat content in these products contributes 
to increased low-density lipoprotein (LDL) levels, 
thereby heightening the risk of cardiovascular disease 

and posing significant concerns for human health 
(Ozen et al., 2022). According to the World Health 
Organization (WHO), cardiovascular diseases remain 
the leading cause of death globally; in 2019, approx-
imately 17.9 million people died from these diseas-
es, accounting for 32% of all global deaths (WHO, 
2021). Therefore, new strategies are being developed 
to reduce animal fat consumption in favor of oils rich 
in unsaturated fatty acids (Badar et al., 2021).
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Incorporating gelled emulsions is a practi-
cal and effective method in meat product reformu-
lation, helping to improve health attributes with-
out diminishing overall quality. A gelled emulsion 
forms a gel-like structure and demonstrates mechan-
ical behavior similar to that of a viscoelastic sol-
id (Öztürk-Kerimoğlu et al., 2021). In the present 
study, considering the emulsifying properties of 
proteins, different plant-based protein concentrates 
(almond and hazelnut) were used in the formation 
of gelled emulsion systems, while a standard formu-
lation containing sodium caseinate, a milk-derived 
protein, was also prepared. The preference for plant-
based protein sources is significant not only from a 
nutritional perspective, but also in terms of sustain-
able food production strategies. A review of the lit-
erature suggests that protein concentrates are com-
monly used in the development of plant-based meat 
analogs (Jia et al., 2021; dos Santos et al., 2022; 
Ramos-Diaz et al., 2022). However, to the best of 
our knowledge, no study has been conducted on 
substituting beef fat in meat emulsions with gelled 
emulsions containing almond and hazelnut protein 
concentrates. In this context, in the current research, 
we targeted a reduction in the animal fat content of 
meat emulsion systems through the incorporation of 
gelled emulsions formulated with plant-sourced pro-
teins. This approach is expected to decrease the reli-
ance on animal-derived fats and, consequently, miti-
gate the associated environmental impact.

2. Materials and methods

2.1 Preparation of plant protein concentrates, 
gelled emulsions, and model meat emulsions

Sodium caseinate and microbial transglutam-
inase (mTG) were purchased from A&D Chemi-

cals Inc. (İstanbul, Türkiye) and SternEnzym Inc. 
(Ahrensburg, Germany), respectively. Raw almonds 
and hazelnuts, fresh and pre-packaged, were pro-
cured from the local market of İzmir, Türkiye, and 
ground into a fine powder using a grinder (Mioji, 
Türkiye). Subsequently, protein concentrates were 
obtained by applying the alkaline solubilization and 
acid precipitation method, with minor modifications, 
as described by Daliri et al. (2021). For the produc-
tion of meat systems, post-mortem beef muscles 
(i.e., boneless round) and beef backfat were supplied 
from a local butcher located in İzmir, Türkiye, and 
transported to the laboratory under cold chain con-
ditions. Refined sunflower oil was purchased from 
Migros Ticaret Inc. (İzmir, Türkiye), while the oth-
er ingredients (curing agents, etc.) were supplied by 
Kimbiotek Chemicals Inc. (İstanbul, Türkiye).

The oil-in-water (O/W) gelled emulsion sys-
tem was prepared with some modifications of the 
method previously described by Öztürk-Kerimoğlu 
et al. (2021). Firstly, the water phase was prepared 
as follows: non-meat proteins (2.5%) were homog-
enized with cold water (22.5%) at 6000 rpm for 40 
seconds using an Ultraturrax (IKA, Germany). Sep-
arately, mTG (0.35%) and cold water (24.65%) were 
mixed at the same speed and for the same duration. 
The two phases were then mixed at 5800 rpm for 20 
seconds. Subsequently, the oil phase (50%) was add-
ed to the system in a controlled manner while mix-
ing at 1125 rpm for 5 min. Thereafter, the emulsion 
was subjected to an additional homogenization at 
5800 rpm for 3 min and then stored at 4°C for 12 h 
to enable gelation through cold setting.

Table 1 presents the formulations of model sys-
tem meat emulsions. For the production of meat sys-
tems, beef and beef backfat were separately minced 
using a meat grinder (Arnica W2000 Grande, Türki-
ye) equipped with a 3 mm diameter plate. Then, the 

Table 1. The formulations of model system meat emulsions

Ingredients (g)

Treatments* Beef Beef Fat Gelled 
emulsion

Water 
(ice)

Salt 
(NaCl)

Sodium 
tripolyphosphate

Sodium 
nitrite

C 500 100 0.0 50 7.5 2.5 0.075
A50 500 50 50 50 7.5 2.5 0.075
H50 500 50 50 50 7.5 2.5 0.075
SC50 500 50 50 50 7.5 2.5 0.075

Legend: *C: Control meat system formulated with 20% beef fat, A50: Reduced-fat meat system formulated with 10% beef fat and 
10% gelled emulsion containing almond protein concentrate, H50: Reduced-fat meat system formulated with 10% beef fat and 10% 
gelled emulsion containing hazelnut protein concentrate, SC50: 10% beef fat and 10% gelled emulsion containing sodium caseinate.
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minced meat was pre-mixed at 500 rpm for 1 min in 
a food processor (Thermomix TM5, Vorwerk, Ger-
many). Next, the other ingredients were added, and 
the mixture was homogenized under the same con-
ditions for 2 min. After partially adding the ice and 
the lipid phase (fat or gelled emulsion), the mixture 
was further mixed at 1100 rpm for 3 min. After add-
ing the remaining ice, an additional mixing step was 
performed at the same speed. Finally, the emulsifi-
cation was completed by mixing at 2000 rpm for 1 
min to obtain the final model meat emulsion.

2.2 Analyses

Total protein content was determined using the 
Kjeldahl method, as described by Moore (2010), 
by multiplying the nitrogen content by the nitro-
gen-to-protein conversion factor (6.25). Moisture 
and ash content were measured according to AOAC 
(2012). pH value was measured using a WTW pH 
3110 Set 2 pH meter (WTW, Germany). Water-hold-
ing capacity (WHC) was measured after heat treat-
ment and centrifugation of the samples, based on 
the method described by Hughes et al. (1997) with 
minor modifications. Texture profile analysis (TPA) 
of the model meat emulsions, presenting hardness, 
cohesiveness, springiness, gumminess, and chewi-
ness, was carried out using a texture analyzer (TA-
XT2, Stable Micro Systems, Haslemere, UK) by 
compressing suitable samples to 50% of their orig-
inal height using a 30 kg load cell, at a crosshead 
speed of 1 mm/s. The pre-test and post-test speeds 
were set at 1 mm/s and 5 mm/s, respectively. Statis-
tical analysis was performed by analysis of variance 
(ANOVA) followed by Duncan’s post‑hoc tests in 
the SPSS software (v.26, IBM, USA) within a con-
fidence interval of 95%. All the analyses were per-
formed at least in triplicate. Mean values are pre-
sented and discussed below.

3. Results and discussion

3.1 Chemical composition and pH

Proximate composition and pH values of the 
model meat systems are presented in Table 2. Mois-
ture content is a key quality indicator that deter-
mines the WHC and emulsification properties of 
meat products; hence, high moisture content plays 
a key role in preserving the functional properties of 
the product (Qiao et al., 2001). Total moisture con-
tents of the model meat emulsions were between 

63.49-66.47%, and the lowest moisture content 
was found in the control (C) group, while the high-
est mean moisture content was recorded in the H50 
meat emulsion with hazelnut protein concentrate 
(P<0.05). The findings indicated that gelled emul-
sions containing hazelnut protein have the poten-
tial to enhance water retention in meat systems and 
entrap water within the emulsified meat matrix. 
Formerly, dos Santos et al. (2022) mentioned that 
the moisture content of the final product could be 
improved by increasing WHC and emulsion stability 
through the use of concentrations.

The protein contents of the treatments ranged 
between 19.65-21.03%, and indeed, almond and 
hazelnut meat emulsions had similar protein con-
tents to that of the sodium caseinate meat emulsion. 
Although the model meat emulsions with plant-
sourced proteins had lower protein contents than 
the control (P<0.05), the plant-derived components 
were mentioned as having the potential to improve 
gel formation and emulsion stability (Toldrá, 2006). 
Thus, the functional properties of proteins should 
also be considered as quality-determining factors 
alongside total protein content (Toldrá, 2006).

The fat content of the treatments ranged 
between 9.47%-11.76%, and no statistically signif-
icant differences were observed between the groups 
(Table 2). In a study conducted by Ghribi et al. 
(2018), sausages were formulated using different 
concentrations of chickpea protein concentrate, with 
fat contents ranging from 14.27% to 19.04%. The 
absence of differences in total fat content among the 
groups in our study is attributed to the fixed total 
lipid concentration used in the formulation (20%). 
Under these conditions, the similar fat levels in the 
model meat emulsions suggest that the gelled emul-
sion treatments exhibited a fat retention capacity 
comparable to the control, indicating a technolog-
ical advantage. However, to ensure lipid modifica-
tion, further analysis of the fatty acid composition 
and unsaturated fatty acid levels is required.

The ash contents of the model meat emulsions 
were between 3.41-4.70%. The ash contents of the 
gelled emulsion groups, in which animal fat was 
reduced, were similar to that of the control. 

The pH of the model meat emulsions ranged 
between 5.85-6.10. The lowest pH belonged to the 
control meat emulsion group (P<0.05), indicat-
ing that utilization of gelled emulsions with differ-
ent protein concentrates effected a rise in pH in each 
of the other groups. The pH values measured in our 
model meat emulsions were consistent with those 
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reported in a study that used soy, pea and sunflower 
protein concentrates in hybrid meat emulsions (dos 
Santos et al., 2022). The pH level in meat products 
is a critical factor that directly affects basic quali-
ty parameters such as color, WHC, and tenderness, 
thereby determining both the functional and sensory 
characteristics of the final product.

3.2 Water-holding capacity (WHC)

The WHC of the control, A50, H50, and 
SC50 model meat emulsions was determined to be 
68.42%, 80.85%, 81.97%, and 76.06%, respectively 
(Figure 1). Compared to the control group, signifi-
cantly higher WHCs were observed in all treatments 
with gelled emulsions (P<0.05). The highest WHC 
was recorded in model meat emulsions with plant-
proteins (A50 and H50), and these treatments even 
presented higher WHCs than the SC50 meat emul-
sion containing sodium caseinate (P<0.05). Accord-
ingly, it was shown that gelled emulsions prepared 
with either of the plant protein concentrates have 
good potential to raise the WHC of the emulsified 
model meat systems, thereby improving techno-
logical quality and product yield. The high WHC 
can provide significant technological and econom-
ic advantages in meat emulsions. Formerly, Nacak 
et al. (2021) reported that increasing the added lev-
el of gelled emulsions in sausage formulations con-
siderably increased the WHC of the emulsions, and 
the main reason for this was attributed to the water-
binding properties of the protein-based ingredients 
in the gelled emulsion, such as gelatin and egg white 
powder. WHC is a fundamental technological fea-
ture that improves the textural quality of meat prod-
ucts and reduces weight loss during cooking, there-
by determining both production efficiency and 
consumer satisfaction (Huff-Lonergan and Loner-
gan, 2005).

3.3. Texture

As shown in Table 3, the model meat emulsion 
systems exhibited significant differences in hard-
ness, cohesiveness, springiness, gumminess, and 
chewiness (P< 0.05). Hardness results revealed that 
the highest value among treatments was found in 
H50 model meat emulsions, while the lowest values 
were observed in control and A50 meat emulsions 
(P<0.05). It was reported that the hardness of meat 
emulsions increases with higher protein content 
(Santhi et al., 2017). However, in our study, the pro-
tein content of the harder H50 group was not higher 
when compared with the other groups. In this situa-
tion, it is suggested that the fibrous structure formed 
a complex network in this group due to its ability to 
retain water, thereby resulting in greater hardness.

Table 2. Chemical composition and pH value of model system meat emulsions

Treatments* Moisture  
(%)

Fat
(%)

Protein
(%)

Ash
(%) pH

 C 63.49c±0.30 11.76±0.96 21.03a±0.65 3.71ab±0.0 5.85b±0.13
 A50 65.29b±0.05 10.0±0.62 19.90b±0.19 4.54ab±0.38 6.07a±0.05
 H50 66.47a±0.004 10.96±1.26 19.65b±0.12 3.41b±0.70 6.13a±0.17
 SC50 65.62b±0.26 9.47±0.48 20.25ab±0.30 4.70a±0.25 6.10a±0.01

Legend: *C: Control meat system formulated with 20% beef fat, A50: Reduced-fat meat system formulated with 10% beef fat and 
10% gelled emulsion containing almond protein concentrate, H50: Reduced-fat meat system formulated with 10% beef fat and 10% 
gelled emulsion containing hazelnut protein concentrate, SC50: 10% beef fat and 10% gelled emulsion containing sodium caseinate. 

Figure 1. WHC of model system meat emulsions (%)
Legend: *C: Control meat system formulated with 20% beef 
fat, A50: Reduced-fat meat system formulated with 10% beef 
fat and 10% gelled emulsion containing almond protein concen-
trate, H50: Reduced-fat meat system formulated with 10% beef 
fat and 10% gelled emulsion containing hazelnut protein con-
centrate, SC50: 10% beef fat and 10% gelled emulsion contain-
ing sodium caseinate. 

263



Nazlı Aksakal et al.
� Application of protein concentrate-based gel emulsions for animal fat reduction in meat emulsions:  

proximate composition, technological, and textural properties

A50 and H50 meat emulsions had similar 
cohesiveness values, which were both lower than 
the control (P<0.05). In contrast, Yang et al. (2025) 
reported that replacing pork fat with almond protein 
isolate-based Pickering emulsions in pork sausage 
formulations significantly increased cohesiveness. 
The differing results observed in our study are likely 
attributable to variations in the behavior of pork ver-
sus beef fat, as well as differences in the fat replacer 
emulsion systems employed.

Springiness was the highest in the C group 
among treatments (P<0.05), so the extent of recov-
ery of the sample height was the highest in this treat-
ment (Fan et al., 2020). This outcome was likely 
due to the rigid structure of animal fat compared to 
the pastry-like structure of the gelled emulsions.

The A50 group exhibited the lowest gummi-
ness among treatments (P<0.05), which pointed 
to a lower energy requirement for mastication due 
to a softer and less dense texture. Chewiness val-
ues of A50 and H50 meat emulsions were signif-
icantly lower than those of the C and SC50 mod-
el meat emulsions (P < 0.05). These findings were 
in line with the softness of the meat emulsion con-
taining gelled emulsions with almond protein (A50). 
However, although H50 meat emulsions with hazel-
nut protein had higher hardness, the lower chewi-
ness of this group was due to the lower cohesiveness 
and springiness (compared with other treatments). 

Chewiness can be affected by the moisture-to-pro-
tein ratio of the product, with higher ratios typically 
resulting in less chewiness (Nacak et al., 2021). This 
trend was also reflected in the results of the current 
study. TPA is widely used to characterize the textural 
attributes of meat emulsions and serves as a reliable 
indicator of their overall quality (Lee et al., 2025).

4. Conclusion

The findings of the present study indicated 
that utilization of gelled emulsions formulated with 
plant-based protein sources is an effective way to 
reduce animal fat in emulsified meat systems. The 
studied formulations containing almond and hazel-
nut protein concentrates provided promising results 
in terms of technological functionality and product 
yield of the model meat emulsions. Although tex-
tural differences were evident among treatments, 
the incorporation of plant protein-based emulsions 
successfully supported fat reduction without com-
promising the functional qualities measured, so this 
approach would thereby contribute to healthier meat 
product formulations. Future research should focus 
on optimizing the fatty acid composition and explor-
ing both sensory attributes and oxidative quality in 
meat products formulated with gelled emulsion sys-
tems containing different plant proteins.
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