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Abstract: The high demand for plant-based products due to their potential health
and environmental benefits has boosted the popularity of meat substitutes known
as meat analogs. This review will discuss the rise and acceptance of these plant-
based meat alternatives that have been of interest for several decades and have
become prominent recently. The market for these alternatives is growing
substantially. This paper aims to look at current research on meat analogs,
pinpoint future research areas, discuss the reasons behind the move towards
meat alternative consumption because of health and environmental issues,
identify possible sources and necessary technologies for developing meat
analogs, describe physical characteristics of meat substitutes, discuss ingredient
functionality in creating plant-based meats, look into what happens to these
products within our digestive system and summarize consumer’s reactions along
with challenges, the meat industry faces. The discussion will take into account
factors such as market growth drivers, formulation approaches, advantages and
disadvantages of traditional versus modern processing methods, safety and
nutritional elements along with consumer’s viewpoints. The paper outlines
industry achievements, problems faced, and potential future directions to cater to
the increasing demands of health-focused consumers while addressing
environmental worries. There is ample indication that conventional methods used
in making animal produce raise key health fears along with noticeable negative
impacts on the environment forming a strong motivation to move towards
creating a variety of alternative meats through using methods that enhance
proper elements necessary in this process.
Keywords: Plant based meat; Meat analogs; Alternative protein formulation;
Sustainability; Plant based protein
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Aim:To explore the formulation, processing techniques, health implications and
consumer’s acceptance of plant-based meat products.

Introduction :-Meat is key to mankind's daily nutritional needs, providing
essential nutrients like protein, fats, vitamins, and minerals. There are predictions
that the global meat market will grow annually by 7.35% from 2020 until 2025
(Boukid et al., 2020). There is a growing focus on sustainability among food
producers and consumers because it boosts knowledge and awareness (Grunert
et al., 2014). The focus on sustainability covers ecological, social, and economic
grounds with a growing recognition of a fourth aspect of health (Curtain et al.,
2019). Since the year 2015, over 4400 plant-based meat substitute products have
come up all around the globe with an aim to match the taste, texture and look of
meat derived from animals (Curtain et al., 2019). On days when one opts to eat
minimal meat servings, they can choose alternatives such as fish, cheese or eggs
which are rich in protein, but they often lack the sensory delight associated with
eating meat (Nezlek et al., 2022). This has given rise to plant-based alternatives
that replicate animal derived products (Szenderak et al., 2022) while remaining
primarily crafted from plant proteins in order to closely mimic the sensory
attributes of animal meats (Swing et al., 2021). Lack of familiarity combined with
less sensory appeal proved to be hurdles while adopting meat substitutes (Hoek
et al., 2011; Lea et al., 2003) Nevertheless there's been advocacy for plant-based
alternatives citing environmental benefit potential downfalls tied to common
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production processes for conventional meats. Also, these were created with a
goal of attracting consumers who are not vegetarians by easily integrating into
existing supply chains.

Increased agreement among scientists’ states that making significant
changes toward diets that focus mainly on plants especially in countries where it's
common to consume large amounts of meat is absolutely necessary to meet
climate change reduction objectives (Bajzelj et al., 2014; Hedenus et al., 2014;
Bryngelsson et al., 2016). Plant based diets, known as PBDs, are gaining
popularity in Western countries (AlaeCarew et al., 2022). A concept known as the
"meat paradox" shows that many individuals wish to eat meat but don't want it
linked with moral issues or health and animal welfare problems (Buttler et al.,
2018). There are a variety of food technologies set up to bridge these gaps
between behaviours and attitudes on the backdrop of increasing demands for
ecologically friendly or animal compassion-based foods. With both traditional
meat production and consumption, more challenges emerge it is this that propels
conversation on alternative meats in the context of food technology development
(Specht et al., 2018; Hocquette, 2018).

Market Trends and Growth Drivers

There is a significant growth in the market for meat analogue products (Smetana
et al., 2023). states that this market amounted to USD 1.6 billion globally in 2019.
Projections show that the said market would hit USD 3.5 billion worth by 2026, an
indication of a remarkable compounded annual growth rate of 12.0% during the
foretold season (Boukid et al., 2020).92% of participants in the United States who
reported consuming proteins acknowledged they came from animals and 72%
also took something made from plants (Messina et al., 2023). According to this
trend, it showed that 50% of respondents didn't follow any specific diet plan
whereas only 11% among them followed diets based on plants. Between 66% to
16% of respondents constituted the largest group of omnivores. Fewer than 27%
classified themselves as vegetarian, vegan or pescetarian. This trend was
observed in the US as well as in unspecified nationalities by (Szenderak et al.,
2022). The drive toward plant-based meat has been growing steadily with
demands supported by consumers’ beliefs regarding health, environment and
animal abuse (Bryant et al., 2022; Cardello et al., 2022) explores the growth of the
market, the preferences of consumers and the impact of media and marketing in
promoting products made from plant proteins. However, these have been made
more difficult because it is expected that there would be an increased demand in
animal protein which should lead to even more pressure being put on land
resources because there will be a need for more animal feeds. Forests, wetlands
and natural grasslands are therefore increasingly converted to agricultural land
(Henchion et al., 2017). It also has negative consequences for things such as
greenhouse gas emissions and biodiversity, as well as multiple vital ecosystem
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services (Zanten et al.,, 2016). Previous study showed that individuals who
consume meat regularly often prefer beef over plant-based choices in contrast to
those who claim to be vegan, practice partial vegetarianism or flexible non-
vegetarian diet as was posited by (Tonser et al., 2023).

Plant-based meat substitutes labelling is disputed among stakeholders;
with some industry players opposing the use of the term “meat” as well as
proposing legislation to bar “misleading advertising” for ‘“sham meat”.
Nonetheless, there are those who think that there is no deception in labelling
products purporting to be meat analogs derived from plants so long as it is stated
on the package’s surface that they contain plants (Silverman et al., 2020). A player
in this market could benefit greatly from owning intellectual property worth
hundreds of millions or even billions of dollars due to the fact that it is anticipated
that the market will experience a compound annual growth rate (CAGR) of 17%
from 2019 to 2024 (Tyndall et al., 2024) and has a young technology base. Much is
left to be discovered in the mission for feeding the world sustainably.

Formulation Strategies
For choosing ingredients, ensuring this requires consideration of several factors,
such as affordability and wide availability, favourable biocompatibility, and most
importantly, exceptional functionalities (Sun et al., 2021). According to Guy's
categorization method, functional materials can be qualified into six roles:
structure-forming, filling disperse-phase, plasticizing or lubricating, soluble
solids, nucleating, colouring materials, flavouring ingredients. Similarly, a
standard recipe use for meat analogue includes six components: water, proteins,
flavourings, fat, binding agents, and colouring agents. Water accounts for the
bulk of the ingredients at 50-80%, which is an indigenous plasticizer in
processing meat analogue with respect to improving juiciness. This chapter
brings forth those proteins and polysaccharide, their blends, make important
factors in defining product identity and differentiation, as well as texture within
the lines of the meat analogue products (Sun et al., 2021). This original globular
structure of pulse proteins is modified into a fibrous one with highly ordered and
extended proteins, giving a meat-like structure (Angelis et al.,, 2020).
Concomitantly with the development of plant-based meat substitutes, many
process-ing methods have emerged or been adopted for their processing, either
mimicking whole muscle structures or restructured forms but always with the
objective of mimic-ry of the target texture. Among them, one of the oldest and
very well studied techniques is thermo-extrusion, which finds broad application
(Boguvea et al., 2023). However, lately, many other methods have been proposed
in order to create analogues of muscle fibres (Sha et al., 2020). Such methods are
wet spinning, electrospinning, and conical shear.

The mechanisms of operation and the unique morphological and structural
features that such fibres obtain from all these types of methods have been very
well expounded previously by (Dekkers et al., 2018). Several additives have
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been proposed before to extend the range of raw materials for producing meat
alternatives without compromising the excellent quality of the final product
(Andreani et al., 2023). Examples include the Namely colorants: leghaemoglobin,
red beets, and red cabbage, and flavourings: herbs and spices. These additives
help replicate the colour and flavour profiles of the meat, while concealing any
off-flavour or bean-like tastes some particular legume proteins might have (Rai et
al., 2023). Moreover, various fats and oils, such as coconut oil, butter, sunflower
oil, canola oil, and sesame oil, are used to give the attributes of juiciness and
tenderness to meat-like products (Andreani et al., 2023). However, nowadays it is
becoming a trend to use binding agents like oleogels, starches, hydrocolloids, or
even fibres in place of these fats (Zahari et al., 2022).

Nutritional Implications

Moderate levels of meat consumption can contribute to health benefits and food
security and dietary quality, especially for food-insecure people who are poorly
resourced (Szenderak et al., 2022). There was observed a high content of some
major elements in both plant-based and meat-based burgers, like Ca, K, Mg, Na,
P, and S. The same levels were registered for the content of Na, S, and Si while
lower for Zn in plant-based burgers compared to meat-based ones (De Marchi et
al., 2021). No marked differences were seen for the total protein and fat content of
these extracts, probably due to the presence of coconut oil as bone of the
ingredients. The examination of amino acid composition, on the other hand,
showed that there were marked differences in five out of the eighteen amino
acids in total (Mat et al., 2022). Briefly, vegetable burgers showed a much higher
reduction in cholesterol content; the median value was 3.98 mg/100 g in the raw
product, while respective meat-based product values were at 50.60 mg/100 g, as
(Szenderak et al., 2022). The meat substitutes available ranged from 210 mg to
900 mg of sodium in cold cuts and other types, making them indicative of a high
level of sodium content. Excessive sodium intake is one of the major public health
concerns these days, and it is being consumed extensively in industrially
processed products, as in the case of plant-based meat alternatives (Romao et al.,
2023). In trying to introduce the chewiness and elasticitylike in ABMsto modern
PBMAs, most of them are using isolated proteins derived from legumes and
oilseed and cereal grains. Apart from these, they add refined fats and oils
resulting from sources such as coconuts, cocoa fruit, sunflower seeds, and
rapeseed to enhance the mouthfeel and raised sensory experience (Swing et al.,
2021).

On the other hand, while consumer demands for "clean labels" have
brought questions to the forefront regarding the use of some binder and gum
ingredients in plant-based alternatives, research indicates that methylcellulose
and guar gum do contribute to the same cholesterol-lowering and glucose-
lowering benefits associated with other dietary fibers (Mudgil et al., 2014;
Kuczora, 2015; Bohrer, 2019). It is feared that the promotion of reduced intake of
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specific foods might foster an increase in eating disorder-like behaviours within
specific demographic subgroups (Scaglioni et al., 2018). Another disadvantage
with regards to focusing solely on proteins is that this excludes some
complexities regarding the presence of antinutritional factors, such as phytates
and oxalates, frequently occurring in plants and interfering with the protein
absorption rate (Munialo and Andrei, 2023). Therefore, an effort that would be
less risky for young people is to focus more on increasing the consumption of
certain types of food. For example, some researchers have reported that
programs undertaken to prevent obesity in adolescents sometimes promote
eating disorder behaviour (O'Dea et al., 2005).

Safety Consideration: In a randomized crossover trial, investigators assessed
the similar effects of plant-based and meat-based high-protein diets on gut-
peptide hormones and subjective appetite responses (Neacsu et al., 2014).
However, when individuals ingested a plant-based meal standardized for energy
and macronutrients with the meat-based meal, they found an elevation in peptide
YY, glucagon-like peptide 1, and amylin, with increased thalamus perfusion
(Kahleova et al., 2021; Klementova et al., 2019). The rise of plant-based meat has,
however, been perceived as a threat by some people and groups, especially
those whose livelihoods or ranching economies depend on animal husbandry,
despite the fact that the production of PBM does not naturally cause a threat to the
long-term sustainable production of traditional animal meat (Van Loo et al., 2020;
Santo et al., 2020). First, to really reduce the negative impact on animal welfare
worldwide exerted by traditional meat production, this would be particularly
associated with countries characterized by intensive farming conditions and with
the slaughter process itself (Heidemann et al., 2020). A benefit is doled out every
time traditional meat is replaced by another alternative product. The second
reason is based on the idea that, upon resolving the "meat paradox," fewer
people would become desensitized to the mistreatment and abuse of animals.
The "meat paradox," as described by Loughnan et al., (2014) pertains to the
phenomenon of two attitudes that clearly contradict each other, where, on one
hand, humans condemn the empathy of harm toward animals and, on the other
hand, continue enjoying meat consumption. Some health experts have expressed
concerns regarding the use of carrageenan as an additive in foods. In fact, this
polysaccharide is derived from seaweed and sometimes added into processed
meat alternatives as a thickener or gelling and stabilizing agent (Senadheera et
al., 2023).Some have even linked the consumption of carrageenan to
gastrointestinal inflammation, changes in intestinal microflora, and irritable
bowel syndrome, while others have gone as far as linking it to the incidence of
colon cancer (Bixler et al., 2017). Phytochemicals, abundant in plant meals, have
been shown to have the capacity for preventing carcinogenesis by decreasing
DNA damage and interfering with oxidative stress signalling pathways (Chikaraet
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al., 2018). In general, chemicals, be they hormones, pesticides, or food
technology, are closely associated with food safety concerns that may have an
immediate impact on people's health (Hever et al., 2017). Concerns about food
safety in this study are, therefore, categorized into two classes: mistrust in
biotechnology, which is a negative cognitive factor, and drug-free cleanliness,
which is a positive cognitive factor (Sharma et al., 2018).

Consumer Acceptance and Perception

Principally speaking, the rise of meat substitutes has been very strong in the
Western market; in 2020, it recorded the highest sales of USD 4.2 billion with 24%
growth. Consumer acceptance remains the big challenge in the meat substitute
categories. In general, in unfamiliar food categories, like meat alternatives, little
or no research is conducted on consumer preference and acceptance. Further
research in novel food technologies is necessary because their success relies on
consumer acceptance (Szenderak et al., 2022). It was evident in a 2019 survey of
US adults that 86% of the population reported taste as the most basic driver of
purchase decisions, which supports the essence that an unpleasant and
unexpected taste is likely to be a barrier to acceptance. An interesting factor is
that consumers who are not vegetarians are also slow to consume the meat
analogues on the basis that if they choose healthier options, the taste may not be
as fulfilling (Fiorentini et al., 2020). As a result of the stigma associated with, for
example, ugly fruits and vegetables, recent research has shown that labelling
them as such actually increases demand. This labelling strategy differs from the
more common approach of emphasizing scientifically measurable traits like "low
fat" or "high vitamins," together with touting natural preservation with claims such
as "no additives" or "unprocessed" (Jahn et al.,2021). By definition, millennials,
also called Generation Y, refer to environmentally conscious young adults born in
the 1980s and 1990s. Studies on food sustainability often target them because of
their heightened ability with regards to environmental issues (Ogiemwony et al.,
2022). As Millennials are the parents of young children, they also become major
players in the formation of food consumption habits (Knaapila et al., 2022).
Although eating meat alternatives alone obtained the highest acceptance scores,
their appropriateness for occasions like a Sunday family gathering or dining at a
restaurant or business meeting or even a barbecue party was ranked low
(Szenderak et al., 2022). Again, eating patterns of individuals are expected to
follow the eating behaviour of their social group (Higgs et al., 2016). It simply
means that in more formal situations and circumstances where, according to
them, a certain peer pressure is likely to prevail, one might not want to attract
attention or are afraid of being judged by the food decisions they make
(Hartmann et al., 2018;Yantcheva and Brindal, 2013).
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Conclusion

It turns out to be not only a viable alternative to traditional meat products but also
a sustainable one. Of course, this is instigated by growing consumer awareness
and demand for healthier and environmentally friendlier options. This paper,
therefore, reviews the current knowledge on the plant-based meat industry in
respect to formulation, processing, nutritional considerations, safety, and
consumer preference. Addressing the difficulties and leveraging the innovations
that have come about during its evolution set a base for what the outlook of plant-
based meat will be. The plant-based meat substitutes represent a big deal for the
environment and climate change. Almost everyone tends to eat a pretty sizable
amount of meat, while others-one-third or less are vegetarians, vegans, or
pescatarians. Those who usually eat a large quantity of meat will be very much
less likely to try plant-based alternatives at all. In general, willingness to try these
novel foods exists; some people, though, do find this rather weird. The ones with
higher incomes are more likely to make a purchase, and there are sectors that
are willing to pay a premium. However, plant-based meat alternatives can be
costlier than regular meat. People do care about the environment, but that is not
the reason for the choice of food they consume. Some people believe that plant-
based foods are healthier than others. This may not be so in some kinds of plant-
based food. Feeling and tasting like real meat is an important aspect of plant-
based foods, so it is good that they are similar. Probably a more central point in
promoting these foods could be giving information on how it benefits the
environment and health. But they must also be affordable. Even with these
barriers, a large potential market for plant-based meat alternates exists with
growing concerns about the environment and health. It doesn't mean that
everything in your diet is going to change, but you move a bit toward better
eating.
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