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ABSTRACT

This study compared commercially available plant-based (PB) and meat burgers (MB) on the Croatian market
in terms of nutritional composition, cooking-induced physical properties, and sensory profile. Nutritional data
were obtained from product labels, physical changes during standardised grilling were measured, and sensory
characteristics were evaluated using quantitative descriptive analysis. PB had a lower energy value (217 vs
263 kcal-100 g') and substantially less saturated fat (2.8 vs 8.23 g-100 g') than MB, while MB contained
more protein (17.1 vs 14.3 g-100 g!). Carbohydrate and fibre contents were higher in PB, whereas salt content
was similar between categories. During cooking, PB showed greater thickness stability (5.40% vs 11.64%
reduction) but higher relative mass loss (24.32% vs 22.63%), indicating limited water-binding capacity.
Sensory analysis revealed distinct profiles: MB were characterised by greater firmness, cohesiveness, oily
mouthfeel, and meat flavour, while PB had a softer texture and dominant vegetable-related attributes.
Plant-based burgers differ fundamentally from meat burgers in nutritional composition, cooking behaviour,
and sensory profile, supporting their classification as distinct products rather than direct substitutes for meat
burgers.
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INTRODUCTION

Burgers are among the most widely consumed processed meat products (Boukid and Castellari, 2021) and
have become a central benchmark for the development of plant-based meat analogues. As noted by Szenderak
et al. (2022), consumer interest in reducing meat intake is increasingly driven by environmental, animal
welfare, and health considerations, a trend further reinforced by life cycle assessments demonstrating
substantially lower environmental burdens for plant-based burgers compared with beef (Tang et al., 2024).
In this transition, the burger format has emerged as the dominant application for plant-based meat analogues,
owing to its standardised shape, familiar consumption context, and technological adaptability (Mercés et al.,
2024; Jang and Lee, 2024).

From a nutritional perspective, plant-based burgers are often positioned as healthier alternatives, particularly
due to their potential to reduce saturated fat intake and provide dietary fibre (Bohrer, 2019). However, detailed
compositional surveys reveal wide variability in nutrient profiles across commercial products, with protein
content and quality, carbohydrate levels, and sodium concentration strongly dependent on formulation
strategies (De Marchi et al., 2021; Yu et al., 2023). Market-based assessments in Europe further indicate that
many plant-based burgers rely on coconut oil and added salt to achieve palatability, resulting in saturated fat
and sodium levels that may approach those of processed meat burgers (Astiasaran et al., 2025). These findings
show that the nutritional superiority of plant-based burgers cannot be assumed a priori.

Technological innovation has played a critical role in narrowing the sensory gap between plant-based
and meat burgers. Nevertheless, fundamental differences in matrix composition persist. While meat burgers
undergo dimensional shrinkage driven by myofibrillar protein denaturation and fat melting, plant-based
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systems often rely on hydrocolloid gelation and protein—lipid interactions to maintain structural integrity
during cooking (De Marchi et al., 2021). Sensory quality remains a major determinant of consumer
acceptance. Quantitative sensory and consumer studies consistently report that meat burgers are perceived
as firmer, juicier, and more cohesive, with stronger meat flavour, whereas plant-based burgers are frequently
described as softer and characterised by vegetable-related or beany notes (Sogari et al., 2024; Davis et al.,
2021; Correia et al., 2024). Importantly, consumer research indicates that willingness to purchase plant-based
burgers is driven primarily by nutritional and sustainability benefits, with sensory performance playing
a secondary role in purchase decisions (Sendhil et al., 2024; Pasquariello et al., 2025).

The aim of this study was to conduct a comprehensive comparative analysis of commercially available plant-
based and meat burgers on the Croatian market, integrating nutritional profiling, standardised assessment
of cooking-induced physical changes, and quantitative sensory analysis to elucidate the key physicochemical
and sensory factors differentiating these two product categories.

MATERIALS AND METHODS

Six commercially available burger products were selected to represent meat and plant-based burgers available
on the Croatian market. Samples were categorised as meat burgers (MB; n = 3) and plant-based burgers
(PB; n = 3) and purchased from major retail outlets representing both premium and mass-market segments
in Zagreb. All PB samples and one MB sample were purchased frozen and stored at —20 °C until analysis,
while two MB samples were purchased refrigerated and stored at 4 °C in accordance with manufacturer
instructions.

Nutritional composition was obtained from mandatory product declarations on the package. The recorded
parameters included energy value (kcal/kJ), total fat, saturated fatty acids, carbohydrates, sugars, protein,
and salt content per 100 g of raw product. These data were used for comparative evaluation of macronutrient
composition between meat and plant-based burger formulations.

To evaluate technological behaviour during cooking, a standardised thermal processing protocol was applied.
Prior to thermal treatment, five replicates of each burger type were weighed using a digital scale (Ordning,
Ikea, Sweden; accuracy +1 g). Burger diameter (measured in two perpendicular directions) and thickness were
recorded using a digital calliper (Alpha Tools, BAHAG AG, Germany; accuracy £0.01 mm). Thermal
processing was carried out on a preheated electric contact grill (Hendi, model 236907, Netherlands)
set to 250 °C. Internal temperature was monitored using a penetration probe thermometer (TFA Dostmann,
model 14.1500, Germany), and cooking was terminated when the geometric centre of each patty reached
71 °C, corresponding to microbiological safety standards. After cooking, samples were rested for 3 min
at room temperature to allow pressure equilibration. Post-cooking mass and dimensions were then recorded.
Cooking loss and dimensional shrinkage were calculated as relative changes, while released fluid was
collected and weighed separately to distinguish drip loss from evaporative loss.

Sensory evaluation was conducted in a dedicated sensory laboratory designed in accordance with ISO
8589:2007, under controlled environmental conditions (neutral white lighting at 4000 K and 500 lux,
temperature 20-22 °C, relative humidity 50-55%). Quantitative Descriptive Analysis (QDA) was performed
by a trained panel of nine assessors selected and trained in accordance with ISO 8586-1 and ISO 8586-2.
A consensus lexicon comprising 24 sensory attributes related to appearance, aroma, texture, and flavour was
developed during training sessions. Attribute intensities were rated on a 10-point categorical scale (0-9).
Samples were served at 45 °C in transparent containers labelled with randomised three-digit codes. Water and
bread were provided as palate cleansers between samples. Data acquisition was performed using Compusense
sensory software (Compusense Inc., Ontario, Canada).
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Statistical analyses were conducted using SAS Studio software (SAS Institute Inc., USA; version 3.8).
Descriptive statistics were calculated for all measured variables. Pairwise comparisons between PB and MB
were performed on category-level means (n = 3 per group). Results should be interpreted as exploratory due
to the limited sample size. Differences in physical properties were evaluated using analysis of variance
(ANOVA) with Tukey’s post hoc test. Sensory data were analysed using mixed-effects models (PROC
MIXED), with sample treated as a fixed effect and assessor as a random effect. Statistical significance was set
at p <0.05.

RESULTS AND DISCUSSION

As shown in Figure 1, the aggregated nutritional profiles revealed clear and systematic differences between
PB and MB burgers. MB had a significantly higher mean energy value (263 kcal-100 g') and total fat content
(20.7 g:100 g') compared with PB (217 kcal-100 g* and 16.0 g-100 g™', respectively). The most pronounced
difference was observed for saturated fatty acids, with MB containing nearly three times the level found in PB
(8.23 vs 2.8 g-100 g™). This finding confirms reduced saturated fat as a principal nutritional advantage of PB,
consistent with label-based surveys and compositional analyses of commercial products (Astiasaran et al.,
2025; De Marchi et al., 2021; Filip et al., 2025; Yu et al., 2023).

In contrast, PB were characterised by substantially higher carbohydrate content (5.7 g-100 g™'), whereas these
components were negligible in MB (2.1 g-100 g carbohydrates). These differences primarily reflect
the technological requirements of plant-based formulations, where carbohydrates and fibres act as binders,
texturisers, and structural stabilisers rather than as nutritionally targeted ingredients (Bohrer, 2019). Sugar
content remained low in both categories and was nutritionally marginal as established by Filip et al. (2025).

Protein content was higher in MB (17.1 g-100 g') than in PB (14.3 g-100 g') as similarly established by Filip
et al. (2025). Although the quantitative difference was moderate, it is nutritionally relevant when considering
protein quality, as meat proteins usually provide higher digestibility and a more balanced essential amino acid
profile than most plant protein systems used in PB as observed previously by Cutroneo et al. (2023). However,
these authors stated that the differences between these products are mostly dependent on the quality of the raw
materials used, rather than on the vegetal or animal protein source.

Salt content did not differ significantly between categories (MB: 1.39 g-100 g™'; PB: 1.15 g-100 g),
indicating that sodium levels are primarily formulation-driven rather than category-dependent. This challenges
the perception that plant-based burgers are inherently more sodium-dense than meat burgers and aligns with
recent market surveys reporting comparable salt contents across both product types (Astiasaran et al., 2025;
Filip et al., 2025).
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Figure 1: Nutritional composition and energy value of meat (MB) and plant-based (PB) burgers

Cooking-induced changes in physical properties revealed clear differences between plant-based burgers (PB)
and meat burgers (MB) (Figure 2), reflecting distinct structural responses to thermal processing. Surface area
reduction was comparable between PB (12.71%) and MB (17.25%), suggesting that lateral shrinkage is driven
by common mechanisms such as moisture loss and matrix relaxation, regardless of composition. However,
thickness reduction differed significantly (p < 0.05), with MB exhibiting substantially greater vertical
shrinkage (11.64%) than PB (5.40%). This vertical collapse in meat results directly from the thermal
denaturation and longitudinal contraction of actomyosin and collagen fibres (Souppez et al., 2025).
The superior thickness stability in PB burgers indicates a rigid scaffold, likely mediated by the reversible
thermal gelation of plant proteins and hydrocolloids such as methylcellulose, which reinforce the structure
during heating (De Marchi et al., 2021).

Mass and fluid loss further distinguished the matrices significantly (p <0.05). MB released significantly more
liquid (drip loss) during cooking (8.44%) than PB (5.75%), as the disruption of muscle fibres and adipose
tissue promotes the exudation of water and liquefied animal fat (Souppez et al., 2025). In contrast, PB burgers
exhibited a higher relative mass loss (24.32%) compared to MB (22.63%), suggesting that weight loss in plant
matrices is dominated by evaporative dynamics rather than drip loss. This indicates a decoupling between
shape retention and moisture retention: while PB burgers maintain their physical dimensions, they have
a limited water-binding capacity relative to the myofibrillar lattice of meat, which traps fluids more effectively
(De Marchi et al., 2021). This functional deficiency presents a technological challenge for improving
perceived sensory juiciness in meat substitutes (Jang and Lee, 2024).
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Figure 2: Physical properties of plant-based (PB) and meat burgers (MB), expressed as mean + SD

Notes: Different superscript letters (A, B) above bars indicate statistically significant differences
between groups (p < 0.05)

Quantitative Descriptive Analysis (QDA) revealed fundamental and systematic differences between meat
burgers (MB) and plant-based burgers (PB) (Figure 3), confirming that current plant-based formulations
do not yet achieve sensory equivalence with animal-derived systems in correspondence with the results
of previous research (Abdullah et al., 2024; Davis et al., 2021; Ettinger et al., 2022).

MB were characterised by significantly higher intensities of meat flavour and salty taste (p < 0.05), attributes
arising from the complex interaction of myofibrillar proteins, endogenous amino acids, and animal fat during
thermal processing. In contrast, PB were dominated by vegetable-related, burnt, and spicy odours and flavours,
alongside higher perceived sweetness. These sensory signatures are not incidental but reflect persistent
formulation constraints within the sector. It is highlighted that achieving visual indistinguishability
(mimicking phenotypic characteristics) between meat and analogues may be more feasible than replicating
other sensory attributes such as meat taste and animal character (Abdullah et al., 2024). Off-notes commonly
described as beany are chemically associated with lipid oxidation products, such as hexanal, inherent
to legume-based protein isolates (Jang and Lee, 2024). Although manufacturers attempt to mitigate these
attributes through masking strategies, including the use of spices and smoke aromas, as reflected
in the elevated spicy odour scores, these approaches tend to overlay rather than eliminate the underlying
botanical notes, which remain readily detectable to trained assessors (Sogari et al., 2024).

The presence of intensified burnt notes in PB further indicates a reliance on simplified flavour-generation
pathways. These attributes are likely linked to the rapid caramelisation of added reducing sugars
(e.g., dextrose) intended to mimic Maillard-derived meat aromas. However, unlike the complex Maillard and
lipid—protein reaction network in meat, this strategy tends to produce narrower, less integrated flavour profiles,
contributing to sensory imbalance (Sogari et al., 2024; Correia et al., 2024).

Textural profiling revealed a pronounced rheological gap between categories. MB exhibited higher hardness,
elasticity, and cohesiveness, reflecting irreversible thermal cross-linking of actomyosin fibres that yields
a resilient, fibrous matrix (Souppez et al., 2025). PB, by contrast, were perceived as softer and less cohesive
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as previously reported by Abdullah et al. (2024), despite comparable graininess scores. This combination
suggests that while particle size reduction and comminution may approximate meat-like granularity,
insufficient protein fibre alignment during extrusion prevents the formation of a continuous load-bearing
network (Zink et al., 2024). The widespread use of methylcellulose provides thermal firmness, yet its
reversible gelation leads to structural weakening upon cooling, in contrast to the permanent denaturation
of meat proteins (Funami et al., 2007).

Oily mouthfeel further differentiated the categories. MB provided a sustained lubricating sensation
due to the gradual melting and redistribution of animal fats, which coat the oral cavity and prolong flavour
perception. In PB, due to the differences in the temporal perception (Zhang et al., 2024) plant lipids were
possibly perceived as being released too rapidly, producing a transient greasy sensation rather than sustained
juiciness.
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Figure 3: Radar plot of quantitative descriptive analysis (QDA) sensory
attributes for plant-based (PB) and meat burgers (MB)

Notes: Values represent mean intensity scores on a 0-9 scale

CONCLUSION

Plant-based burgers (PB) and meat burgers (MB) differ fundamentally in nutritional composition, cooking
behaviour, and sensory profile. PB offer advantages through reduced saturated fat and slightly lower energy
density, whereas MB retain superior protein quantity and quality, indicating that PB should be regarded
as alternative products rather than direct nutritional substitutes for meat. Cooking responses further revealed
contrasting matrix behaviour: PB showed greater thickness stability but higher mass loss, while MB exhibited
greater deformation and fluid release yet retained more moisture and fat. This decoupling highlights a key
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technological limitation of PB in moisture retention and juiciness. Sensory analysis confirmed persistent
differences, with MB characterised by firmer texture and pronounced meat flavour, and PB by softer texture
and vegetable-related attributes. Overall, the findings suggest that improving plant-based burgers will require
matrix-level design strategies integrating protein structure, lipid release, and flavour generation, rather than
reliance on additive-based correction.

ACKNOWLEDGMENT

This work is partially derived from the thesis of Veronika Mihovili¢, B.Sc. in Animal Science, titled
"Comparative analysis of the nutritional composition, physical properties and sensory profile of meat
and plant-based burgers". The research implementation was supported by the project "Food Safety and Quality
Centre" (KK.01.1.1.02.0004) funded by the European Regional Development Fund.

REFERENCES

Abdullah, F. A. A., Pospiech, M., Dordevic, D., Kabourkova, E. (2024): Comparison of Physical, Sensorial,
and Microstructural Properties to Assess the Similarity Between Plant- and Animal-Based Meat
Products. Applied Sciences, 14(24), 11513. Available at: https://doi.org/10.3390/ app142411513

Astiasaran, 1., Flores, S., Ariz-Hernandez, 1., Ansorena, D. (2025): Plant-Based Burgers Commercialized
in the Spanish Market: Ingredients and Nutritional Assessment Based on Their Labels. Foods, 14, 3286.
Available at: https://doi.org/10.3390/foods14193286

Bohrer, B. M. (2019): An investigation of the formulation and nutritional composition of modern meat
analogue products. Food Science and Human Wellness, 8(4), 320-329. Available at:
https://doi.org/10.1016/j.fshw.2019.11.006

Boukid, F., Castellari, M. (2021): Veggie burgers in the EU market: a nutritional challenge? European Food
Research and Technology, 247(10), 2445-2453. Available at: https://doi.org/10.1007/s00217-021-03808-9

Cutroneo, S., Prandi, B., Faccini, A., Pellegrini, N., Sforza, S., Tedeschi, T. (2023): Comparison of protein
quality and digestibility between plant-based and meat-based burgers. Food Research International, 172,
113183. Available at: https://doi.org/10.1016/j.foodres.2023.113183

Davis, S. G., Harr, K. M., Bigger, S. B., Thomson, D. U., Chao, M. D., Vipham, J. L., Apley, M., Blasi, D.,
Ensley, S., Haub, M., Miesner, M., Tarpoff, A., Olson, K., O’Quinn, T. G. (2021): Consumer Sensory
Evaluation of Plant-Based Ground Beef Alternatives in Comparison to Ground Beef of Various

Fat Percentages. Kansas Agricultural Experiment Station Research Reports, 7(1). Available at:
https://doi.org/10.4148/2378-5977.8036

De Marchi, M., Costa, A., Pozza, M., Goi, A., Cassandro, M. (2021): Detailed characterization of plant-based
burgers. Scientific Reports, 11, 2049. Available at: https://doi.org/10.1038 /s41598-021-81684-9

Ettinger, L., Falkeisen, A., Knowles, S., Gorman, M., Barker, S., Moss, R., McSweeney, M. B. (2022):
Consumer perception and acceptability of plant-based alternatives to chicken. Food, 11(15), 2271.
Available at: https://doi.org/10.3390/foods11152271

Filip, C., Kovacs, B., Casian, T., Miklos, A., Pop, P. N., Istrate, T. 1., Hodoroga, V., Tero-Vescan, A. (2025):
Comparative analysis of the nutritional quality of plant-based and traditional meat products across European
markets. Frontiers in Nutrition, 12, 1603600. Available at: https://doi.org/10.3389/fhut.2025.1603600

Funami, T., Kataoka, Y., Hiroe, M., Asai, ., Takahashi, R., Nishinari, K. (2007): Thermal aggregation
of methylcellulose with different molecular weights. Food Hydrocolloids, 21(1), 46—58. Available at:

https://doi.org/10.1016/j.foodhyd.2006.01.008
179


https://doi.org/10.3390/app142411513
https://doi.org/10.3390/foods14193286
https://doi.org/10.1016/j.fshw.2019.11.006

Jang, J., Lee, D.-W. (2024): Advancements in plant-based meat analogs enhancing sensory and nutritional
attributes. npj Science of Food, 8, 50. Available at: https://doi.org/10.1038/s41538-024-00292-9

Mercés, Z. d. C. d., Salvadori, N. M., Evangelista, S. M., Cochlar, T. B., Rios, A. d. O., Oliveira, V. R. d.
(2024): Hybrid and plant-based burgers: Trends, challenges, and physicochemical and sensory qualities.
Foods, 13, 3855. Available at: https://doi.org/10.3390/foods13233855

Pasquariello, R., Bianchi, M., Capasso, M., Caso, D. (2025): Meat, without meat: A TPB and VBN integration
to understand intention to consume new generation of plant-based meat alternatives. British Food Journal,
127(12), 4653—-4672. Available at: https://doi.org/10.1108/BFJ-12-2024-1280

Sendhil, R., CR, B., Yadav, S., G, G., Ragupathy, R., A, P., Ramasundaram, P. (2024): Consumer perception
and preference toward plant-based meat alternatives — Bibliometric trends and policy implications. Food
and Humanity, 2, 100229. Available at: https://doi.org/10.1016/j.foohum.2024.100229

Silva Barbosa Correia, B., Drud-Heydary Nielsen, S., Jorkowski, J., Arildsen Jakobsen, L. M., Zacherl, C.,
Bertram, H. C. (2024): Maillard reaction products and metabolite profile of plant-based meat burgers
compared with traditional meat burgers and cooking-induced alterations. Food Chemistry, 445, 138705.
Available at: https://doi.org/10.1016/j.foodchem.2024.138705

Sogari, G., Grasso, S., Caputo, V., Gomez, M. 1., Mora, C., Schouteten, J. J. (2024): Sensory, emotional,
and appropriateness of plant- and meat-based burgers. Journal of Food Science, 89(5), 2974-2990.
Available at: https://doi.org/10.1111/1750-3841.17033

Souppez, J. B. R. G., Dages, B. A. S., Pavar, G. S., Fabian, J., Thomas, J. M., Theodosiou, E. (2025):
Mechanical properties and texture profile analysis of beef burgers and plant-based analogues. Journal of Food
Engineering, 385, 112259. Available at: https://doi.org/10.1016/j.jfoodeng.2024. 112259

Szenderdk, J., Frona, D., Rékos, M. (2022): Consumer Acceptance of Plant-Based Meat Substitutes:
A Narrative Review. Foods, 11(9), 1274. Available at: https://doi.org/10.3390/ foods11091274

Tang, M., Miri, T., Soltani, F., Onyeaka, H., Al-Sharify, Z. T. (2024): Life cycle assessment of plant-based
vs beef burgers: A case study in the UK. Sustainability, 16(11), 4417.
Available at: https://doi.org/10.3390/sul6114417

Yu,J., Wang, L., Zhang, Z. (2023): Plant-Based Meat Proteins: Processing, Nutrition Composition, and Future
Prospects. Foods, 12(22), 4180. Available at: https://doi.org/10.3390/foods122241 80

Zhang, Y., Sala, G., Scholten, E., Stieger, M. (2024): Role of bolus properties in dynamic texture perception
of meat analogue and beef patties: juiciness is driven by serum release during early stages of mastication.
Food Hydrocolloids, 157, 1104450. Available at: https://doi.org/10.1016/ j.foodhyd.2024.110450

Zink, J. 1., Lutz-Bueno, V., Handschin, S., Diitsch, C., Diaz, A., Fischer, P., Windhab, E. J. (2024): Structural
and mechanical anisotropy in plant-based meat analogues. Food Research International, 179, 113968.
Available at: https://doi.org/10.1016/j.foodres.2024.113968

Contact Information: Invited speaker: Prof. Ivica Kos, PhD, Division of Animal Science, University of Zagreb
Faculty of Agriculture, Svetosimunska 25, 10 000 Zagreb, Croatia, e-mail: ikos@gr.hr

180





