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@%‘8}%@ lant-based alternatives still struggle to replicate the fibrous structure and satisfying bite of
&% meat. Using engineered microorganisms, precision fermentation can produce specific
@%@@ muscle proteins for use in food formulations. This article explains the roles of actin and
208 myosin in meat structure and examines how fermentation-made proteins can improve texture.
% Research has shown that combining recombinant actin and a myosin-tail fragment with plant
@g%%}g proteins improves hardness, chewiness, and stiffness, making them more similar to animal
< meat. These results support further research into hybrid protein formulations, but they don't
5%?0 necessarily mean complete muscle reconstruction or consumer acceptance. The article also
9,0 discusses challenges like protein recovery, production costs, food safety, and environmental
@%@g&@ assessment. To make progress, labs need to translate advances into foods that cook well, taste

good and cost what consumers can afford.
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g(,%; Keywords: Precision fermentation; recombinant muscle proteins; actin; myosin; meat
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" Introduction

e A convincing meat alternative has to pass a demanding test: the first bite. Aroma and color
& may create anticipation, but teeth quickly reveal whether a burger is springy, a chicken-style
[&gg}o strip separates into fibers, or a kebab feels dry and crumbly. Reproducing these sensations
&% remains a major challenge in developing alternatives to animal foods (McClements &
O%{E Grossmann, 2024). An emerging approach brings fermentation into this texture problem.
gﬁ%}o Researchers are exploring whether microbes can manufacture selected muscle proteins that
S could help give alternative meats a more realistic bite. The aim is to produce useful
&3%%(] ingredients that food scientists can combine with plant proteins, fats and water (Fig. 1).
o;%;%\g}o Problem Solution Potential result

&y “The texture challenge.” “Microbes make proteins.” “Toward a meat-like bite.”
@%%Q%@ “Blend with
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Ogﬁgﬁ Figure 1: How fermentation can address the texture challenge in meat alternatives.
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Understanding the idea begins with the structure of ordinary meat

Muscle contains an elaborate arrangement of proteins, organized into filaments, bundles and
fibers. Two central components are actin and myosin. Actin assembles into thin filaments,
while myosin forms the thick filaments involved in muscle contraction. Their organization
contributes to the structure that eventually becomes food on a plate. Cooking changes that
structure. Proteins unfold, associate with one another and form new networks; muscle and
connective tissue change in ways that affect tenderness and water retention. Consequently,
reproducing meat requires understanding how its ingredients behave under heat and how they
are arranged before cooking (Tornberg, 2005). Food scientists already have several ways to
create fibrous structures from plants. Extrusion, for example, uses heat and mechanical forces
to transform protein mixtures into structured materials. Other approaches assemble smaller
components into larger structures. These methods offer different balances between structural
detail, manufacturing efficiency and scalability. Fermentation-made ingredients would enter
this existing world of food engineering, where processing is as important as the ingredient list
(Dekkers et al., 2018).

Precision fermentation provides a way to manufacture a chosen protein. Scientists
give a microorganism genetic instructions for producing it, grow the organism under
controlled conditions, and recover the desired ingredient. Research and commercial
development have already applied this approach to milk and egg proteins, laying the
groundwork for investigating other food proteins (Nielsen et al., 2024). Meat alternatives also
provide precedent. Soy leghemoglobin, a protein containing the iron-bearing molecule heme,
can be produced using yeast. It helps generate characteristic meat-like flavors and aromas
during cooking. Its application illustrates how a particular fermentation-derived protein can
perform a specific job in a larger food formulation (Fraser et al., 2018).
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Figure 2: Precision fermentation of muscle proteins for meat-like texture

Muscle proteins raise a similar question: could they become ingredients for
improving texture?

A study published in 2026 by researchers at Tufts University investigated this possibility
(Fig. 2). Using Escherichia coli, the researchers produced actin and a fragment of myosin’s
tail. A solubility-enhancing protein tag called SUMO supported production, while
precipitation, separating proteins out of solution, provided a recovery method that avoided
purification columns. Reported production levels reached 326 milligrams per liter for actin
and 572 milligrams per liter for the myosin fragment, with final purities of 69-73%. The
resulting materials showed fibrous features. When combined with plant proteins, they
improved measured hardness, chewiness and stiffness toward those of animal meat. A
preliminary cost analysis also suggested advantages over established production methods.
The distinction matters: the researchers produced a myosin fragment, and improved
laboratory measurements do not establish a complete replacement for muscle tissue or a
consumer-approved meat product (Dolgin et al., 2026). These results suggest a practical
direction for further research: foods in which different protein sources perform
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complementary tasks. A future formulation might use plants to supply much of its bulk while
selected fermentation-made ingredients adjust particular aspects of its behavior. The key
research question is how much additional performance those ingredients provide, and at what
cost. Texture, however, is difficult to capture with a single number. A machine can measure
the force required to compress or stretch a sample, but eating involves repeated biting,
tearing, lubrication and the release of moisture. A food that matches one measurement may
still feel different in the mouth. Another study showed why structural detail matters,
examining meat alternatives made from soy- and mung-bean-based formulations. It
connected visible fibrousness, microscopic features and mechanical behavior, revealing an
important role for the shape and orientation of air bubbles. Some relationships depended on
the formulation. The authors identified connecting these measurements to sensory tests as a
next step (Schlangen et al., 2025). For fermentation-made muscle proteins, this means that
promising ingredients must eventually succeed in complete foods. Useful experiments would
compare otherwise similar recipes with and without the added proteins, then examine
cooking losses, structural changes and people’s experience of chewing them. The goal should
be a recognizable improvement at the dinner table.

Manufacturing presents another challenge. Food ingredients face demanding price
constraints, and producing a protein in a laboratory establishes only part of the process.
Fermentation performance, raw-material use, recovery and scale all influence the economics.
A review by Nielsen and colleagues emphasizes the importance of improving protein
concentration, productivity and feedstock conversion. Efficient recovery is therefore one part
of a wider manufacturing problem (Nielsen et al., 2024).

Food safety also requires attention to the actual ingredient being produced. Safety
studies on fermentation-derived leghemoglobin evaluated a defined preparation, including
material associated with its production host. This provides a useful precedent for the product-
specific evidence needed. Its findings cannot simply be transferred to a different protein or
manufacturing process (Fraser et al., 2018). Environmental performance deserves equally
careful measurement. Fermentation requires feedstocks and energy, and its impacts depend
on how those inputs are produced. In a 2022 assessment of a hypothetical microbial milk
protein process, researchers identified sugar and electricity generation as key sources of
environmental impact. Outcomes depended on production conditions and location. Since the
study focused on milk protein, its findings do not apply to actin or myosin. It does, however,
show why any environmental claim for fermentation-made muscle proteins should be
supported by an assessment of their own production process (Behm et al., 2022). Improved
texture does not automatically establish nutritional superiority. The nutritional qualities of a
finished food depend on its overall formulation. Developing better alternatives requires
attention to ingredient performance, nutrient composition, affordability and processing
together (McClements & Grossmann, 2024). The appeal of fermentation-made muscle
proteins lies in the precise question they allow scientists to ask: what happens when an
alternative meat receives some of the molecular components associated with muscle texture?
Answering it could reveal useful ingredients, better recipes and a clearer understanding of
why certain foods feel satisfying to chew. For the diner, success would be wonderfully
ordinary: a strip that pulls apart pleasantly, a kebab that holds its juices, or a burger whose
bite makes a second mouthful inviting.

Conclusion

Fermentation-made muscle proteins offer a promising route towards meat alternatives with a
more satisfying bite. Early research shows that recombinant actin and a myosin-tail fragment
can improve selected texture properties when blended with plant proteins, but their
performance in affordable, appealing foods still needs testing. Progress will depend on
efficient production, careful formulation, sensory evaluation and evidence of safety and
environmental benefits. Their eventual value will be judged at the dinner table: whether these
ingredients can help deliver the tenderness, juiciness and chew that people enjoy.
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