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Abstract

Vegan meat, commonly referred to as plant-based meat alternatives (PBMAS), has emerged as a pivotal
innovation in the food industry, addressing multifaceted concerns including health, environmental
sustainability, animal welfare, and ethical dietary choices. This review paper provides an in-depth
synthesis of the historical evolution, production technologies, nutritional compositions, environmental
footprints, market trajectories, consumer perceptions, inherent challenges, and prospective
developments of vegan meat. Leveraging data from peer-reviewed studies, market analyses, and
empirical research up to early 2026, it elucidates how PBMAs replicate the sensory attributes taste,
texture, and appearance of conventional animal meat utilizing ingredients such as soy, peas, wheat
gluten, and mycoproteins. Despite these advantages, obstacles such as sensory inconsistencies, elevated
production expenses, and regulatory complexities endure. Consumer surveys from 2025-2026
demonstrate increasing acceptance, with 75% of global consumers expressing interest in plant-based
options, particularly when they align closely with meat's organoleptic properties. Future trajectories
encompass technological advancements like precision fermentation, Al-driven formulations, and
whole-cut analogs to augment authenticity and affordability. This review posits that vegan meat holds
substantial promise for fostering sustainable food ecosystems, substantiated by empirical data,
illustrative diagrams, graphs, tables, and references from authoritative sources.
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Introduction

The advent of vegan meat marks a transformative juncture in global dietary paradigms,
propelled by escalating imperatives for sustainable, healthful, and compassionate protein
sources. Conventional animal husbandry is increasingly scrutinized for its role in
exacerbating climate change, habitat destruction, species extinction, and health epidemics,
including antimicrobial resistance and pandemics originating from zoonoses. Vegan meat,
derived predominantly from plant proteins, endeavors to emulate animal meat's attributes
sans these adversities, thereby offering a viable substitute. Tracing its roots to antiquity,
contemporary vegan meat surged in prominence during the late 20th and early 21st centuries,
with pioneering products like tofu, tempeh, and seitan evolving into advanced analogs such
as patties, links, and tenders from innovators like Beyond Meat and Impossible Foods. This
proliferation is underpinned by a burgeoning cohort of vegetarians, vegans, and flexitarians,
with projections estimating over 2 billion individuals embracing plant-centric diets by 2030.
Nutritionally, PBMAs furnish essential amino acids while mitigating hazards associated with
red and processed meat intake, such as coronary heart disease, type 2 diabetes, and colorectal
cancer. Environmentally, a pivot to plant-based proteins could attenuate food-system
emissions, which constitute roughly 34% of anthropogenic greenhouse gases. Economically,
the alternative protein domain attracted investments surpassing USD 5 billion in 2025,
notwithstanding market fluctuations. This comprehensive review adopts an interdisciplinary
approach, amalgamating insights from nutritional science, environmental assessments,
economic forecasts, and sociological studies. It incorporates visual elements including
production schematics, nutritional juxtaposition tables, market expansion graphs,
environmental impact bar charts, and consumer preference diagrams to facilitate deeper
understanding.
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Citations are sourced from credible repositories, ensuring an
objective, data-driven discourse. To further contextualize,
recent 2025-2026 developments highlight integrations of
hybrid products blending plant and minimal animal
elements for enhanced palatability, alongside regulatory
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endorsements in regions like the EU and Asia for novel
ingredients. These advancements underscore vegan meat's
role in mitigating the projected doubling of global meat
demand by 2050, which could otherwise strain planetary
boundaries.
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Fig 1: PMBAs alternatives of Meat

History and Development

The genesis of vegan meat intertwines with millennia-old
cultural, spiritual, and philosophical traditions, evolving
from  rudimentary  substitutes to  technologically
sophisticated replicas. In ancient China, circa the Han
Dynasty (206 BCE-220 CE), Buddhist ascetics pioneered
tofu as a meat surrogate to comply with ahimsa (non-
violence) doctrines, crafting dishes that imitated poultry and
seafood textures. Concurrently, in Indonesia, tempeh—a
fermented soybean product—originated around the 16th
century, prized for its meaty umami and nutritional density.

Western adoption materialized in the 19" century amid
health and temperance movements. John Harvey Kellogg,
an advocate of vegetarianism, patented "protose” in 1896, a
nut-derived analog touted for superior digestibility and
moral  virtues. The mid-20th  century  witnessed
industrialization, exemplified by the 1960s invention of
Textured Vegetable Protein (TVP) via extrusion processes,
enabling scalable, fibrous meat-like structures from soy. The
2010s heralded a renaissance with "bleeding” burgers:
Impossible Foods' 2016 debut incorporated leghemoglobin
(heme) from engineered yeast to mimic juiciness and iron-
rich flavor, while Beyond Meat's 2019 IPO emphasized pea-
based, non-GMO formulations. The COVID-19 crisis in
2020 accentuated vulnerabilities in animal supply chains,
spurring a 27% uptick in plant-based sales and accelerating
R&D. By 2026, milestones include fungal innovations like
mycoprotein from Quorn and Meati, leveraging Fusarium

venenatum for sustainable, high-protein yields. Regulatory
progress, such as the FDA's 2025 approvals for precision-
fermented proteins, has facilitated market entry for hybrid
and whole-cut products. Globally, Asia's revival of ancestral
analogs like seitan integrates with modern tech, while
Europe's sustainability mandates propel adoption. This
trajectory illustrates a fusion of heritage and ingenuity,
positioning vegan meat as an antidote to modern alimentary
dilemmas. Timeline highlights: 206 BCE (tofu), 1896
(protose), 1960s (TVP), 2016 (Impossible Burger), 2025
(fermentation breakthroughs).

Production Methods

Fabricating vegan meat entails converting plant-derived
proteins into architectures that mirror animal muscle's
fibrillar  composition, succulence, and savor. The
methodology bifurcates into ingredient procurement,
texturization, and assembly, with scalability and
sustainability as imperatives. Primary feedstocks encompass
protein concentrates/isolates from legumes (soy, peas, fava),
cereals (wheat gluten), and novel sources like algae or fungi,
selected for emulsifying and gelling prowess. Lipids from
canola or coconut emulate marbling, while hydrocolloids
like carrageenan or xanthan gum bolster binding. Aromatics,
including yeast autolysates and natural colorants (beetroot
extract), augment sensory fidelity. Pivotal is extrusion: high-
moisture extrusion (HME) at 50-70% hydration yields
steak-like cuts via thermo-mechanical protein alignment at
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140-160 °C, whereas low-moisture variants produce mince
precursors. Shear cell systems apply laminar forces for
anisotropic ~ fibers, circumventing extrusion's energy
intensity. Avant-garde techniques include 3D bioprinting for
bespoke morphologies, precision fermentation for heme-like
compounds, and electrospinning for nanofibrous scaffolds.

https://www.agriculturaljournals.com

Mycelium cultivation, as in Ecovative's processes, ferments
fungi for inherent meatiness.

Post-extrusion phases involve chilling, molding, and
fortification. Challenges encompass optimizing energy
efficiency and minimizing waste; 2026 advancements
integrate Al for predictive modeling of texture outcomes.
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Fig 2: Vegan Meat Production Process Diagram

Nutritional Profile

Vegan meat's nutritional matrix renders it a compelling
proxy for animal meat, with variances contingent on
formulation. Typically, PBMASs equate protein quanta (18-
22 /100 g) but surpass in fiber (3-6 g/100 g vs. nil) and
eschew cholesterol, though sodium may escalate (300-500
mg/100 g) due to seasonings. Recent 2025 meta-analyses

fortifications with vitamin B12, iron, and zinc ameliorate
potential shortfalls. Substituting red meat with PBMAS
correlates with 25% lower cardiovascular risk and improved
gut microbiota via fiber. However, ultra-processing
implicates additives; 2025 studies advocate clean-label
iterations. Recent analyses (2025-2026) confirm that plant-
based meat offers a nutrient density comparable to animal

evince plant-based burgers harboring 15-25% fewer meat for many essentials, with unique benefits in fiber and
calories, 40-60% less saturated fat, and augmented lower saturated fat. Adapted from 2025 studies, PBMAs
polyunsaturated fats  vis-a-vis beef. Amino acid foster micronutrient density, particularly in iron-fortified

completeness is achieved via blending (e.g., pea + rice),
with digestibility scores nearing 90%, comparable to meat;

variants. It also possesses higher folate and magnesium, but
vigilance for B-vitamins is advised in vegan diets.

Table 1: Extended Nutritional Comparison per 100 g

Nutrient Beef Burger PB Burger Pork Sausage PB Sausage Chicken Nugget PB Nugget
Calories (kcal) 252 220 300 240 246 210
Protein (q) 17 19 14 18 14 15
Total Fat (g) 20 14 27 16 15 12
Saturated Fat (g) 8 2 9 3 3 1
Fiber (g) 0 5 0 4 0 3
Sodium (mg) 75 390 650 450 570 400
Cholesterol (mg) 62 0 72 0 44 0
Iron 2.5 4.5 1.2 2.0 0.9 0.9

Health Implications of Vegan Meat

Vegan meat, or plant-based meat alternatives (PBMASs), has
gained significant traction as a dietary option for health-
conscious consumers, flexitarians, vegetarians, and vegans.
These products aim to replicate the sensory experience of
animal meat while offering potential advantages in reducing
risks associated with traditional meat consumption, such as

cardiovascular disease (CVD), type 2 diabetes (T2D),
certain cancers, and overall mortality. However, concerns
arise from their often ultra-processed nature, higher sodium
content, and use of additives. This section provides a
detailed, evidence-based analysis of the health implications,
drawing from recent systematic reviews, meta-analyses, and
randomized controlled trials (RCTs) up to 2026.
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Table 2: Comparative Health implications of PMBASs (Avg.)

Nutrient

Beef Burger (Conventional)

Plant-Based Burger (Avg.)

Key Health Implication for PBMA

Calories (kcal) 250-280 200-240 Lower energy density aids weight management.
Protein (g) 18-22 18-22 Equivalent high-quality protein (often blended for
completeness)
Total Fat (g) 18-22 10-16 Reduced overall fat intake.
Saturated Fat (g) 7-9 1-4 Major reduction in CVD risk factor.
Fiber (g) 0 4-6 Supports digestion and blood sugar control.
Sodium (mg) 70-100 (pre-cooking) 300-600 Higher; monitor for hypertension.
Cholesterol (mg) 60-80 0 Eliminates dietary cholesterol.
Iron (mg) 2-3 3-5 (often fortified) Comparable or higher, but plant form less bioavailable.

Positive Health Outcomes: Reduced Chronic Disease

Risk

Substituting PBMAs for animal meat shows promising

effects on cardiometabolic health:

e Cardiovascular Health: A 2024-2025 systematic
review and meta-analysis of RCTs found that replacing
conventional meat with PBMAs for up to 8 weeks
reduced total cholesterol by ~6%, LDL cholesterol by
~12%, and body weight by ~1%. These changes lower
CVD risk factors. Broader plant-based diets (including
PBMASs) are linked to better lipid profiles, reduced
inflammation, and lower ischemic heart disease risk.

e Type 2 Diabetes: Plant-based patterns, particularly
vegan/vegetarian ones, show stronger associations with
reduced T2D incidence. PBMAs contribute by
improving glycemic control via fiber and lower
saturated fat.

e Cancer and Mortality: While direct evidence for
PBMAs is emerging, overall plant-based diets reduce
risks of certain cancers (e.g., colorectal) and all-cause
mortality. Replacing red/processed meat with plant
sources mitigates carcinogenic compounds like heme
iron and nitrates.

e Inflammation and Other Markers: RCTs like
SWAP-MEAT show similar or improved inflammation
biomarkers when PBMAs replace animal meat, with
potential benefits in gut health from fiber.

Concerns and Limitations: Ultra-Processing, Sodium,
and Additives

PBMA:s are classified as ultra-processed foods (UPFs) under
the NOVA system due to industrial formulation, additives
(e.g., methylcellulose, emulsifiers), and isolated proteins.
Key concerns include:

e Higher Sodium: Often 300-600 mg per 100 g (vs.
lower in unprocessed meat), contributing to
hypertension risk if consumed excessively.

e Additives - Emulsifiers, binders, and flavor enhancers
are generally safe per FDA/WHO, but some studies
raise questions about long-term gut microbiome effects.

e Ultra-Processed Category Risks: Broader UPF
consumption links to obesity, CVD, T2D, and cancer. A
2024 UK Biobank analysis found plant-based UPFs
(including some PBMAS) associated with higher CVD
risk when replacing minimally processed plants, though
not necessarily when replacing animal meat.

e Methylcellulose: It's common in PBMAs for binding.
Limited direct evidence on microbiome impact, but
broader emulsifier research  suggests potential
disruption in sensitive individuals.

e Metabolomic Differences: Untargeted studies show
~90% difference in metabolites between PBMAs and
grass-fed beef, indicating they are not identical
nutritionally, though both have pros/cons.

Gut Microbiome Effects of Vegan Meat

The gut microbiome the trillions of microorganisms residing
in the intestines — plays a crucial role in digestion, immune
function, inflammation regulation, and overall health. Vegan
meat, or plant-based meat alternatives (PBMAs), differs
from conventional animal meat in composition, particularly
due to higher dietary fiber content from plant proteins (e.g.,
pea, soy, wheat) and the potential inclusion of additives like
emulsifiers (e.g., methylcellulose, carrageenan). As of early
2026, research on PBMAs' specific impact on the gut
microbiome remains emerging and mixed, but key patterns
emerge from interventional studies, systematic reviews, and
large cohort analyses.

Table 3: Summarizing key microbiome shifts from plant-based vs. animal-based patterns

Diet Type

Key Microbiome Changes

Associated Metabolites/Outcomes

Plant-Based (incl. PBMAS)

1 Fiber-fermenters (Prevotella, Roseburia, Bifidobacterium); 1
Diversity

1 SCFAs (butyrate);
| Inflammation; Better gut barrier

Animal-Based/Omnivore

1 Bile-tolerant (Bacteroides, Clostridia); | Fiber-fermenters

1t TMAO (from red meat); Potential 1
Inflammation & IBD risk

Vegan/Vegetarian Overall

More plant-niche pathways; Less animal-protein metabolism

Lower chronic disease risk markers (e.g.,
CVD, T2D)

Environmental Impact

Vegan meat proffers profound ecological ameliorations
compared to animal analogs, chiefly in curtailing resource
depletion and emissions. 1SO-certified LCAs from 2025
delineate PBMAs emitting 89% fewer GHGs, consuming
99% less water, and occupying 93% less land than beef per
kg. A 2025 harmonized assessment posits plant-dominant
diets halving carbon footprints (2.0 kg COe/day vs. 4.5 kg
for carnivorous). Animal farming engenders 16.5% of

global emissions, deforestation (e.g., soy for feed), and
eutrophication. Plant sourcing, e.g., peas, demands 20x less
land; yet, unsustainable monocultures pose risks certified
sourcing mitigates.

Conclusion

Vegan meat epitomizes innovation in sustainable nutrition,
proffering health, ecological, and ethical boons. Plant-based
meat alternatives (PBMASs), commonly known as vegan
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meat, represent a nutritionally and ecologically promising
bridge between conventional animal meat and more
sustainable dietary patterns. When evaluated through the
lenses of overall health and gut microbiome impact, the
current body of evidence drawn from randomized controlled
trials, systematic reviews, meta-analyses, and large cohort
studies—paints a largely favorable picture, while
highlighting important nuances.

Ultimately, vegan meat stands as a valuable tool in the
transition toward more sustainable, health-promoting diets.
It meaningfully reduces the chronic disease burden
associated with high animal-meat consumption, supports a
more diverse and SCFA-rich gut microbiome, and offers a
realistic pathway for flexitarians, vegetarians, and even
omnivores to lower their environmental footprint without
completely abandoning familiar tastes and textures.
Continued reformulation (lower sodium, cleaner labels,
higher whole-plant content) and longer-term human studies
will further refine its role, but as of early 2026, the evidence
supports PBMAs as a net-positive innovation for both
human health and planetary well-being. With surmounted
challenges via technology, it augurs a resilient food future.
Stakeholders must collaborate to actualize this vision.

References

1. Appiani M, Cattaneo C, Laureati M. Sensory properties
and consumer acceptance of plant-based meat analogs:
A systematic review. Front Sustain Food Syst.
2023;7:1268068. doi:10.3389/fsufs.2023.1268068.

2. Beyond Meat. 2023 ESG report and LCA study:
Environmental benefits of Beyond Steak vs. beef steak
tips; 2023. https://investors.beyondmeat.com

3. Caputo V, Sun J, Staples AJ, et al. Market outlook for
meat alternatives. Trends Food Sci. Technol.
2024;148:104474.

4. Grand View Research. Plant-based meat market size,
share & growth report, 2030; 2024.
https://www.grandviewresearch.com/industry-
analysis/plant-based-meat-market

5. Grossmann L, Weiss J. Alternative protein sources as
technofunctional ingredients. Annu Rev Food Sci
Technol. 2021;12:93-117. doi:10.1146/annurev-food-
062520-093642.

6. Kyriakopoulou K, Keppler JK, van der Goot AJ. Plant-
based meat analogues. In: Sustainable meat production
and processing. Academic Press; 2021. p. 103-126.

7. Lindberg L, McCann RR, Smyth B, et al.
Environmental, nutritional, and health impact of meat
alternatives: A systematic review. Trends Food Sci.
Technol. 2024. doi:10.1016/j.tifs.2024.104159.

8. McGuicken T, Gradidge S, Palomo-Vélez G.
Persuasive messaging to increase consumer acceptance
of cultured meat. Br Food J. 2025. doi:10.1108/BFJ-07-
2024-0767.

9. Nolden AA, Hayes JE. Consumer acceptance of plant-
based meat substitutes: A  review. Foods.
2022;11(9):1274. doi:10.3390/foods11091274.

10. Parlasca MC, Qaim M. Meat alternatives: Plant-based,
mycoprotein, and cultured products. Annu Rev Resour
Econ. 2022;14:1-22.

11. Poji¢ M, Misan A, Tiwari B. Eco-innovative
technologies for plant-based meat alternatives. In:
Future foods. Springer; 2020. p. 1-20.

~397~

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://www.agriculturaljournals.com

Santo RE, Kim BF, Goldman SE, Dutkiewicz J, Biehl
EMB, Bloem MW, Neff RA, Nachman KE. Plant-based
meat substitutes and cell-based meats: A public health
perspective. Front Sustain Food Syst. 2020;4:134.
doi:10.3389/fsufs.2020.00134.

Statista. Meat substitutes - Worldwide: Market forecast.
2025.
https://www.statista.com/outlook/cmo/food/meat/meat-
substitutes/worldwide

Tang W, Pan Q, He J, Liu J. Protein-polysaccharide
interactions in plant-based meat texture. Food Res Int.
2025;202:115673.

van Vliet S, Kronberg SL, Provenza FD. Plant-based
meats, human health, and climate change. Front Sustain
Food Syst. 2020;4:128. doi:10.3389/fsufs.2020.00128.
Zhang T, Dou W, Zhang X, Zhao Y, Zhang Y, Jiang L,
Sui X. Development of soy protein-based meat
alternatives. Trends Food Sci Technol. 2021;109:702-
710. doi:10.1016/j.tifs.2021.01.060.

Zhang X, Shen A, Zhang Z, Zhang T, Jiang L, Zhou W,
Zhang Y, Sui X. Molecular understanding of high-
moisture extrusion for plant-based meat. Food Chem.
2024;460:140458.

Kyriakopoulou K, Dekkers B, van der Goot AJ. Plant-
based meat analogues. In: Sustainable meat production
and processing. Academic Press; 2019. p. 103-126.

Lee HJ, Yong HI, Kim M, et al. Status and future role
of meat alternatives. Anim Biosci. 2020;33(10):1533-
1541. doi:10.5713/ab.20.0193.

Ahmad M, Qayum A, et al. Rise of plant-based meat
alternatives: Challenges and perspectives. Trends Food
Sci. Technol. 2025. doi:10.1016/j.tifs.2025.104816.


https://www.agriculturaljournals.com/

