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Abstract

Sausages, recognized as one of the oldest forms of meat preservation, have evolved over time, incorporating various
ingredients beyond salt. Depending on the type, sausages can contain up to 30% fat, which significantly impacts their sensory
and technological attributes. In recent decades, the development of oleogels has garnered increased attention, leading to
extensive research on their characteristics and potential applications in the food industry.

In this review, we will explore the possibilities of utilizing oleogels in different types of sausages and examine their effects on
nutritional profiles, oxidative stability, and rheological-sensory properties.
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Introduction

Sausages are the oldest form of meat product for which there is written evidence (Mohan, 2014). In the
beginning, Initially, sausages were simple mixtures of minced meat and salt, but today, they incorporate a
range of non-meat ingredients, blended with minced meat and fatty tissue, and encased within a casing
(Akpan, 2017). The Food and Agriculture Organization (FAO) (1985) classifies sausages into two broad
categories: raw sausages and heat-treated sausages. Moreover, according to the 'Rulebook on the
requirements regarding the quality of minced meat, meat preparations, and meat products' (Official Gazette
No. 63/2013), sausages are further classified as fresh, fermented, and heat-treated sausages

The quality of the products reflects the status of the raw materials and the design of the process
(Abdolghafour & Saghir, 2014). Fats have a huge impact on meat products, especially sausages (Baer, 2012).
Animal fat in sausages affects the improvement of sensory characteristics of sausages, especially taste and
juiciness, as well as technological characteristics (texture, emulsion, heat transfer, etc.) (Totosaus-Sanchez,
2008; Pehlivanoglu et al, 2018; Badar et al, 2021; Zampouni et al, 2022).

Different types of sausages include 15%-45% fat in their composition (Official Gazette No. 63/2013). In
addition to the high fat content, sausages are desired and consumed primarily due to their sensory attributes
(Agregan et al, 2018). However, fats are considered to cause harmful effects on mental health, obesity,
cardiovascular diseases, metabolic syndrome, oxidative stress, diabetes, etc. (de Souza et al, 2015;
Marangoni & Garti, 2018; Hooper et al, 2020). This data initiates the need to change the approach to food
(Schwingshackl et al, 2022). In the 1980s, a limited intake of saturated fatty acids was recommended
(Mozaffarian et al, 2018), but today this approach is changed, emphasizing the quality of fat consumed
(Schwingshackl et al, 2022).

As an innovative strategy to reduce trans and saturated fats in food, oleogels have emerged as three-
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dimensional structural systems comprising of vegetable oils and gelators. This approach is gaining
recognition primarily because of its environmental and nutritional advantages (Manzoor et al., 2022). At the
same time, oleogels have the characteristics of solid fats (they provide a unique taste, texture, and plasticity)
without changing the health and nutritional composition of vegetable oil (Ferro et al., 2021; Li et al., 2021).

The influence of oleogels on the characteristics of different types of sausages

Replacing solid fats with structured oils poses a technological challenge (Feichtinger & Scholten, 2020), and
resorting to lower quality alternatives can lead to technical difficulties (Lépez-Pedrouso et al, 2021).
Nevertheless, by partially or fully substituting animal fats with oleogels, there exists an opportunity to
develop a diverse range of meat products that offer an enhanced and nutritionally balanced lipid profile
suitable for consumption (Wang et al, 2023).

The Influence of Oleogels in Fermented Sausages

Fermented sausages possess unique physicochemical and sensory attributes, along with microbiological
stability and a prolonged shelf life. Nonetheless, their nutritional suitability is compromised due to the
elevated levels of saturated fat (SFA) they contain (Alejandre et al, 2016). However, the incorporation of
oleogels into fermented sausages has been shown to enhance their fatty acid profile, particularly the ratio of
polyunsaturated to saturated fatty acids (PUFA/SFA) (Franco et al, 2020), as well as the ratio of PUFA n-
6/n-3 (Pintado & Cofrades, 2020), and cholesterol content (Zampouni et al, 2022).

Adding oleogels to fermented sausages significantly increases moisture (Pintado & Cofrades, 2020), because
oleogels can function as a barrier in the drying process (Zampouni et al, 2022). The water content of the
samples decreased with an increasing amount of added oleogels (Franco et al, 2020). Oleogel-infused
sausages are characterized by a higher aw value (Pintado & Cofrades, 2020; Zampouni et al, 2022) and a
lower pH value of 4.76 compared to the control 4.48 (Zampouni et al, 2022). Franco et al, (2020) indicate
that the pH value is variable and depends on the type and amount of added oleogel. The maximum decrease
in moisture and aw value of sausages occurs during the first week of ripening due to the denaturation of meat
proteins because of the decrease in pH value and consequently the reduced water binding capacity
(Noorolahi et al, 2022). According to Pintado and Cofrades, (2020) and Zampouni et al, (2022), obtaining
microbiologically stable fermented sausage with oleogel requires a modification of the technological process
of dehydration, that is, adjustments to the relative humidity and air circulation during the process.

Fermented sausages with incorporated oleogels are characterized by a lighter colour, less consistency, a
softer core and reduced case hardening (Zampouni et al, 2022). Pintado and Cofrades, (2020) point out that
chia seed oil maintains a stable red colour even after 30 days of storage compared to the control sample.
While according to Franco et al, (2020), the colour change is also influenced by the gelator used. Namely,
with 40% replacement of animal fats in fermented sausages, the yellow colour increased by 25.75% for
oleogel from linseed oil and y-oryzanol and B-sitosterol and by 62.45% with oleogel from linseed oil with
beeswax (Franco et al, 2020).

Lipid oxidation is the main non-microbial cause of quality deterioration in fermented meat products
(Dominguez et al, 2019). Given the higher oxidation of unsaturated fatty acids, higher values for the
oxidation rate are expected in products with incorporated oleogels. Franco et al, (2020), confirmed that
higher values for thiobarbituronic acid-reactive substances (TBARS) were obtained in samples with oleogels,
but, the level of oxidation remains well below the rancidity threshold, which typically occurs when the
concentration of malonaldehyde (MDA) is above 1 mg/kg sample. The oxidative quality of sausages
containing linseed oil oleogel decreases over time storage. The addition pistachio extract to the oleogel as a
natural antioxidant reduces these changes, the TBARs values were lower compared to the samples without

antioxidant and the levels of @3 and PUFA were higher (Noorolahi et al, 2022).
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The influence of oleogels in fresh sausages

During the literature review, limited data were found regarding the partial or complete substitution of animal
fats with oleogels in fresh sausages. In the studies conducted by Barbut et al, (2016), oleogels formulated
with canola oil structured with ethyl cellulose (at concentrations of 8%, 10%, 12%, and 14%) and sorbitan
monostearate (at concentrations of 1.5% and 3.0%) were utilized as replacements for lard. The incorporation
of these oleogels resulted in a decrease in hardness values and elasticity of the fresh sausages compared to
the control samples. However, cohesiveness was not significantly affected. In another investigation by
Pintado et al, (2018), the effects of an emulsion-based oleogel using oat and chia flour were studied. The
addition of these oleogels led to an improvement in the content of monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA), as well as a reduction in cooking loss. The sensory properties of the
sausages were influenced by the application of the oleogels; however, the samples were still deemed
acceptable in overall evaluation.

The influence of oleogels in heat-treated sausages

Oleogels have emerged as innovative alternatives to replace animal fats in food products by utilizing cross-
linked vegetable oils. The primary objective is to enhance the fatty acid profile and address the negative
perception often associated with meat products (Lopez-Pedrouso et al, 2021). Notably, all authors who have
utilized oleogels in heat-treated sausages have reported a significant improvement in the fatty acid profile, as
demonstrated in Table 1.

Table 1. Improvement of fatty acid profile in heat-treated sausages with the addition of oleogels

Product Oleogel Finding Reference
Frankfurter Sunflower oil with monoglycerides and . Kouzounis et al.,
sausage phytosterols (15:5) Reduction of SFA (2017)
Bologna 90% conventional or 97.5% high-oleic Reduced fat, cholesterol ~10% Tarté etal,,
sausages O (2020)
soybean oil, with rice bran wax and energy value
Bologna Conventional or high-oleic sunflower oil Up to 67% SFA reduction. FeE;%Ze';)al.,
sausages with monoglyceride MUFA increase of 49 and 98%
Bologna S . . .
Soybean oil with isolated soy protein, 60% increased PUFA content decreased Paglarini et al.,
sausages . o .
carrageenan and inulin n-6/n-3 ratio (2022)
Smoked Sunflower oil monqglycerlde: beeswax Reduction of SFA content by 35% and Igenbayev et al.,
(2:2) - (2023)
sausages 38%, respectively.

The source and composition of the fat, i.e., the properties of the oleogels as well as its interaction with the
protein matrix affect the textural properties in different ways (Ferro et al, 2021). Reducing animal fat or
replacing it affects the texture of bologna sausages (Paglarini et al, 2022). Less elastic and cohesive samples
were obtained with 100% animal fat substitution (Ferro et al, 2021). Frankfurters with incorporated oleogels
did not differ from controls in any textural parameter, while emulsion treatments had lower chewiness and
firmness values (Panagiotopoulou et al, 2016). By replacing 50% of the fats with oleogel based on
monoglycerides and phytosterols, sausages with lower values for of hardness, brittleness, gumminess and
chewiness were obtained in frankfurters, while there was no difference in cohesiveness and elasticity
compared to the control (Kouzounis et al, 2017). By partially replacing the beef fat with an oleogel
structured from canola oil with different concentrations of ethyl cellulose and sorbitan monostearate in the
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frankfurters there were no significant differences in hardness and shear strength, while increasing the level of
oleogel the losses decreased while the juiciness and fat feeling were increased (Barbut et al, 2016). An
improvement in the technological quality is reported by da Silva et al, (2019), in the reformulated bologna
sausages with the addition of oleogel from pig skin, water and sunflower oil. This is because the collagen
from the skin significantly increased the hardness and chewing strength compared to the control series, but it
did not affect the elasticity and cohesiveness of the sausages. Concerning bologna sausages, slight increase in
hardness during storage from 0 to 30 days compared to storage after 30 days was noted by Paglarini et al,
(2022) with the incorporation of soybean oil gel-emulsion with isolated soybean protein, carrageenan and
inulin.

In terms of aroma, taste, texture and moisture, no serious differences were reported comparatively among all
samples of bologna sausages, except for sausages with hard fatty tissue, where the colour was more intense
(Tarté et al, 2020). Regarding texture, aroma, and overall taste, based on a 9-point hedonic scale used to rate
bologna sausages with oleogel, consumers rated them as 6-7, indicating that they liked them slightly to
moderately (Paglarini et al, 2022). Sensory analysis of Frankfurt sausages with oleogel showed similar
overall acceptability to the control, while sausages with emulsified oils had lower acceptability
(Panagiotopoulou et al, 2016).

Animal fat replacement had no significant effect on the pH value; the values ranged between 6.42 and 6.51
for different samples (Kouzounis et al, 2017). By increasing the percentage representation of oleogels in the
frankfurter, the pH value increases while the aw value decreases (Pérez-Alvarez et al, 2021). In the research
of Ferro et al, (2021) the pH value varied from 5.96 to 6.19 in different samples, while the aw value was not
affected by the oleogels and ranged between 0.97 and 0.98. Slightly higher values for aw than 0.99 are
reported by da Silva et al, (2019), while the pH value on the first day ranged from 6.17 to 6.38, and it
increased by 0.11 and 0.19 units after 35 days of storage, dey of storage, that could be related with the
ammonia produced due to increased proteolysis during storage.

Emulsified meat products are stable to lipid oxidation due to the high content of saturated fatty acids 35%
and added sodium nitrite, polyphosphate, and sodium ascorbate (Glorieux et al, 2018). All samples prepared
with soybean oil gel-emulsion showed higher TBARs values compared to the control (Bologna sausages
whit pork fat) during storage up to 60 days, however values below 0.7 mg MDA/kg sample were lower than
the rancidity limit (Paglarini et al, 2022). TBARs values remained at a constant low level during a storage
time of 98 days in bologna sausages with oleogels (Tarté et al, 2020). Kouzounis et al, (2017) reported no
differences in the level of oxidation in frankfurters with animal fat and oleogel during a storage time of 40
days in vacuum packaging. In terms of oxidative stability, Panagiotopoulou et al, (2016) performed an
analysis of Frankfurter type sausages on a control sample with animal fat, a sample with oleogels and oil
emulsions. For all samples, TBA values were within acceptable limits, after 30 days of storage at 4°C.
However, the samples in which emulsions were incorporated, compared to oleogels, had a higher level of
lipid oxidation. In contrast, Wolfera et al, (2018) reported a difference in oxidative stability between
frankfurters with animal fat and frankfurters with 10% incorporated oleogel in which rice bran wax was used
as a gelator. It is assumed that the lipid oxidation in the oleogel is due to the process of preparation of the
gel, heating, and longer retention at high temperature. However, in all samples the values never exceeded
TBA 0.201 mg/kg, while the sensory panellists did not detect bad flavours. According to Pérez-Alvarez et al,
(2021) samples containing a higher percentage of oleogel are subject to higher lipid oxidation because they
contain more unsaturated fats.
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Conclusions

Although new approaches and formulations for obtaining oleogels have been intensively researched in recent
years, there is still a lack of research on the influence of oleogels on the characteristics of different types of
sausages. From the available literature it can be concluded that oleogels can be successfully used in the
formulation of sausages with an improved fatty acid composition. In terms of oxidative stability, although
oleogels have a higher oxidation rate than animal fats, their values are still within acceptable limits.
However, changes to key parameters in some technological processes and additional research on the impact
of oleogels on sensory attributes, rheological characteristics and consumer acceptability are needed to create
an optimal oleogel formulation.

References

[1].
[2].

13].
[4].
[5].

[6].
[71.
(8].

[9].

[10].
[11].
[12].

[13].

[14].

[15].

[16].

[17].

Abdolghafour, B., and Saghir, A. 2014. Development in sausage production and practices-A review. Journal of meat
science and technology, Vol.2. No.3. pp. 40-50.

Agregén, R., Franco, D., Carballo, J., Tomasevic, I., Barba, F. J., Gomez, B., and Lorenzo, J. M. 2018. Shelf life
study of healthy pork liver paté with added seaweed extracts from Ascophyllum nodosum, Fucus vesiculosus and
Bifurcaria bifurcata. Food Research International, Vol.112. pp. 400-411.

Akpan, I. P. 2017. Trends in sausage production. African Journal of Food Science and Technology, Vo.8. No.5. pp.
081-084.

Alejandre, M., Poyato, C., Ansorena, D., and Astiasaran, |. 2016. Linseed oil gelled emulsion: A successful fat
replacer in dry fermented sausages. Meat science, VVol.121. pp.107-113.

Badar, I. H., Liu, H., Chen, Q., Xia, X., and Kong, B. 2021. Future trends of processed meat products concerning
perceived healthiness: A review. Comprehensive Reviews in Food Science and Food Safety, Vol.20. No.5. pp.4739-
4778.

Baer, A. A., and Dilger, A. C. 2014. Effect of fat quality on sausage processing, texture, and sensory characteristics.
Meat Science, Vol.96. No.3. pp.1242-1249.

Barbut, S., Wood, J., and Marangoni, A. 2016. Potential use of organogels to replace animal fat in comminuted meat
products. Meat Science, Vol.122. pp.155-162.

da Silva, S. L., Amaral, J. T., Ribeiro, M., Sebastido, E. E., Vargas, C., de Lima Franzen, F., and Campagnol, P. C.
B. 2019. Fat replacement by oleogel rich in oleic acid and its impact on the technological, nutritional, oxidative, and
sensory properties of Bologna-type sausages. Meat science, Vol.149. pp. 141-148.

De Souza, R. J., Mente, A., Maroleanu, A., Cozma, A. |, Ha, V., Kishibe, T., and Anand, S. S. 2015. Intake of
saturated and trans unsaturated fatty acids and risk of all cause mortality, cardiovascular disease, and type 2
diabetes: systematic review and meta-analysis of observational studies. BMJ. Vol. 351.

Dominguez, R., Pateiro, M., Gagaoua, M., Barba, F. J., Zhang, W., and Lorenzo, J. M. 2019. A comprehensive
review on lipid oxidation in meat and meat products. Antioxidants, Vol.8. No.10. pp.429.

Ferro, A. C., de Souza Paglarini, C., Pollonio, M. A. R., and Cunha, R. L. 2021. Glyceryl monostearate-based
oleogels as a new fat substitute in meat emulsion. Meat science, V0.174. pp108424.

Feichtinger, A., and Scholten, E. 2020. Preparation of protein oleogels: Effect on structure and functionality. Foods,
Vol.9. No.12. pp.1745.

Franco, D., Martins, A. J., Lopez-Pedrouso, M., Cerqueira, M. A., Purrifios, L., Pastrana, L. M., and Lorenzo, J. M.
2020. Evaluation of linseed oil oleogels to partially replace pork backfat in fermented sausages. Journal of the
Science of Food and Agriculture, Vol.100. No.1. pp. 218-224.

Glorieux, S., Steen, L., De Brabanter, J., Foubert, I., and Fraeye, |. 2018. Effect of meat type, animal fatty acid
composition, and isothermal temperature on the viscoelastic properties of meat batters. Journal of food science,
Vol.83. No.6. pp.1596-1604.

Hooper, L., Martin, N., Jimoh, O. F., Kirk, C., Foster, E., and Abdelhamid, A. S. 2020. Reduction in saturated fat
intake for cardiovascular disease. Cochrane database of systematic reviews, VV0.8. No.8. CD011737.

Igenbayev, A., Ospankulova, G., Amirkhanov, S., Aldiyeva, A., Temirova, l., and Amirkhanov, K. 2023.
Substitution of Pork Fat with Beeswax-Structured Oleogels in Semi-Smoked Sausages. Applied Sciences, Vol.13.
No.9. pp.5312.

Kouzounis, D., Lazaridou, A., and Katsanidis, E. 2017. Partial replacement of animal fat by oleogels structured with
monoglycerides and phytosterols in frankfurter sausages. Meat Science, VVol.130. pp.38-46.

87



[18].

[19].

[20].
[21].
[22].
[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

INTERNATIONAL JOURNAL OF FOOD TECHNOLOGY AND NUTRITION, VOL. 6, NO. 11/12, 2023

Li, L., Liu, G., and Lin, Y. 2021. Physical and bloom stability of low-saturation chocolates with oleogels based on
different gelation mechanisms. LWT, Vol.140, 110807.

Lopez-Pedrouso, M., Lorenzo, J. M., Gullén, B., Campagnol, P. C. B., and Franco, D. 2021. Novel strategy for
developing healthy meat products replacing saturated fat with oleogels. Current Opinion in Food Science, Vol.40.
pp.40-45.

Manzoor, S., Masoodi, F. A., Nagash, F., and Rashid, R. 2022. Oleogels: Promising alternatives to solid fats for
food applications. Food Hydrocolloids for Health, 100058.

Marangoni, A. G., and Garti, N. (Eds.). 2018. Edible oleogels: structure and health implications. Elsevier.
2nd Edition - June 11, 2018.

Mohan, A. 2014. Basics of sausage making, Formulation, Processing and safety. UGA Extension Bulletin,
Vol.1437. pp. 5-8.

Mozaffarian, D., Rosenberg, 1., and Uauy, R. 2018. History of modern nutrition science—implications for current
research, dietary guidelines, and food policy. BMJ, Vol.361.

Noorolahi, Z., Sahari, M. A., Gavlighi, H. A., and Barzegar, M. 2022. Pistachio green hull extract as natural
antioxidant incorporated to omega-3 rich kappa-carrageenan oleogel in dry fermented sausage. Food Bioscience,
Vol.50. pp.101986.

Paglarini, C. D. S., Vidal, V. A. S., Ozaki, M. M., Ribeiro, A. P. B., Bernardinelli, O. D., Camara, A. K. F. I., and
Pollonio, M. A. R. 2022. Inulin gelled emulsion as a fat replacer and fiber carrier in healthier Bologna sausage.
Food Science and Technology International, VVol.28. No.1. pp.3-14.

Panagiotopoulou, E., Moschakis, T., and Katsanidis, E. 2016. Sunflower oil organogels and organogel-in-water
emulsions (part I1): Implementation in frankfurter sausages. Lwt, Vol.73. pp.351-356.

Pehlivanoglu, H., Demirci, M., Toker, O. S., Konar, N., Karasu, S., and Sagdic, O. 2018. Oleogels, a promising
structured oil for decreasing saturated fatty acid concentrations: Production and food-based applications. Critical
reviews in food science and nutrition, Vol.58. No.8. pp.1330-1341.

Pérez-Alvarez, J.A., Roldan-Verdu, A., Martinez-Mayoral, A., Sayas-Barber4, E., Vera CN-Rd., Viuda-Martos, M.,
and Fernandez-Lopez, J.2021. Chia Oleogel as a Potential New Ingredient for Healthy Cooked Meat Sausages.
Proceedings,Vol.70. No.1. pp.76.

Pintado, T., Herrero, A. M., Jiménez-Colmenero, F., Cavalheiro, C. P., and Ruiz-Capillas, C. 2018. Chia and oat
emulsion gels as new animal fat replacers and healthy bioactive sources in fresh sausage formulation. Meat science,
Vol.135, pp. 6-13.

Tarté, R., Paulus, J. S., Acevedo, N. C., Prusa, K. J., and Lee, S. L. 2020. High-oleic and conventional soybean oil
oleogels structured with rice bran wax as alternatives to pork fat in mechanically separated chicken-based bologna
sausage. Lwt, Vol.131. pp.109659.

Schwingshackl, L., Heseker, H., Kiesswetter, E., and Koletzko, B. 2022. Dietary fat and fatty foods in the
prevention of non-communicable diseases: A review of the evidence. Trends in Food Science &
Technology,Vol.128. pp. 173-184

Wang, Q., Espert, M., Larrea, V., Quiles, A., Salvador, A., and Sanz, T. 2023. Comparison of different indirect
approaches to design edible oleogels based on cellulose ethers. Food Hydrocolloids, Vol.134, pp.108007.

Wolfer, T. L., Acevedo, N. C., Prusa, K. J., Sebranek, J. G., and Tarté, R. 2018. Replacement of pork fat in
frankfurter-type sausages by soybean oil oleogels structured with rice bran wax. Meat Science, Vol.145. pp.352-
362.

Zampouni, K., Soniadis, A., Dimakopoulou-Papazoglou, D., Moschakis, T., Biliaderis, C. G., and Katsanidis, E.
2022. Modified fermented sausages with olive oil oleogel and NaCI-KCI substitution for improved nutritional
quality. Lwt, Vol.158. pp. 113172.

“Rulebook on the requirements regarding the quality of minced meat, meat preparations and meat products”
(Official Gazette No. 63/2013)

88



