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Introduction

The cultivated meat industry is a relatively young but rapidly growing field.

Cultivated meat, cell-based meat, or sometimes referred to as cultured meat, utilizes

insights from cell biology and industrial biopharmaceuticals to produce large-scale

animal cell cultures for human protein consumption. The groundbreaking technology

offers higher production efficiency and consistency while causing fewer harms to the

environment and animals compared to conventional meat production. Although

relatively new, the industry has been growing rapidly. The global cultured meat market is

estimated to be valued at USD 214 million in 2025 and is projected to reach USD 593

million by 2032, representing a CAGR of 15.7% or around 5 times the average US GDP

growth rate. With the absence of an established player in the industry, startups

worldwide are raising progressively larger funds from investors to race one another and

capitalize on the different product segments. There is still plenty of room for

improvements across other areas as a new industry. Start-ups are racing to finalize their

products while leaving opportunities for optimization in reducing production costs and

environmental footprint, as well as improving product quality and process efficiency.

In this proposal, we explored different sources of underutilized resources from

insects, fungi, and plants as potential resources that are currently underutilized and

propose Aspergillus niger as our focus. We believe that this underutilized resource

could add value to cultured meat products through reducing production costs,

environmental impact while improving product sensory qualities and shelf-life. Some of



the factors that we considered when proposing this resource, such as the scientific

feasibility in the resource processing, time scale for research and industrial production,

sustainability analysis, sourcing issue, and comparison with other scaffolding materials.

Background significance

There are still multiple major hurdles that prevent the cultivated meat industry

from growing and from getting product in the market the main problem being media

costs that comprises more than 95% of the total production cost, other problems being

scaffolding, supply chain issues, among many others. Even though media cost is

currently the main challenge, various attempts from different companies have been

made to try to drive down the production costs of media up to industrial level with some

that are reportedly have been successful in inventing new properties in the media such

as being free of animal ingredients and utilizing different ingredients that yield similar

results. In a separate research the major cost driver of the media are growth factors,

specifically FGF-2 and TGF-beta, that combined comprises over 96% of the total media

cost. View the cost table of hypothetical 20,000 liter batch by GFI below:



Source: The Good Food Institute

However, using different models that projects production after scaling up, we can

yield a significantly lower media cast by reducing the concentration of these expensive

growth factors and substituting them with cheaper alternatives.

Source: The Good Food Institute

The second largest issue that the industry is currently facing as with scaffolding.

there has not been a successful attempt to create and establish scaffolding procedures

with materials that are applicable for large scale industrial production. On the other

hand, scaffolding is a crucial variable in a production of called cultivated meat as it can

open up a variety of different product types outside of ground proteins, such as steak,

which is currently not feasible product type due to the issues that revolve around

structuring the animal proteins.

Given the nature of the research required with advanced technologies and the

large amount of time, we believe that experimental research during the time range given



was not feasible or would not contribute to a substantial insight to deduce which

underutilized resource we would like to propose. However, we did research through

combining insights from different scientific papers related to cultivate meat, industrial

processing, and the technologies involved that are currently being applied in the

medical field, while conducting primary research through interviewing scientific

researchers institutions and industry professionals that have first hand knowledge on

the problem to gather insights on the issues and potential solutions revolving

scaffolding.

After we narrowed down our focus on the problem to try and improve the

scaffolding of cultivated meat, we ultimately decided to propose Aspergillus niger after

two main filtering phases. First, we decided that we would like to use chitin as the

primary biomaterial in our scaffolding due to its unique scientific and antimicrobial

properties - this criteria leaves us to three main source options: insects, fungi, and

crustaceans. Although insects and crustaceans has some intriguing properties, we

believed that using materials from insects in a food product could hinder consumer

acceptance of the new product category while using crustaceans could lead to other

problems such as food allergies, moreover by using ingredients from either of those two

options, the final product would technically be using animal ingredients which we are

trying to minimize, which leads us to fungi that lacks both of those problems. After we

narrowed down to using fungi for chitin sources, we explored different fungi species with

a substantially high percentage of chitin in their mycelium and start producing waste on

an industrial scale. Out of the available list, we found two interesting species, Agaricus

bisporus or button mushroom used for human consumption and produces 50,000 metric



tons of waste per year, and Aspergillus niger that produces 80,000 tons of mycelial

waste materials per year.

We ultimately decided to move forward with Aspergillus niger due to advantages

in sourcing as its utilization in the production of citric acid has left the mycelial waste

concentrated.

Chitin in Industry

In the form of chitosan, Chitin was chosen because of its many wide-scale

application and beneficial properties. In addition, due to its presence as the second

most abundant polymer behind cellulose, we believe that chitosan contains many

possibilities with the material to create a biodegradable scaffolding. Chitosan, derived

from chitin, is composed of beta-linked D-glucosamine and N-acetyl-D-glucosamine.



Features and Characteristics

Some key features that can be applied as a scaffolding material are its bioactive

possibility, biodegradability, antibacterial and antifungal properties, and potential as a

porous membrane to mimic the Extracellular Matrix (ECM) through the electrospinning

method.

The antiviral properties of chitosan are due to its two mechanisms that work in

tandem with one another. The first would be that a positively charged chitosan can

interact with the negatively charged membrane of the bacterium cells, which affects its

ability to transfer solutes in and out of the cell, causing too much concentration

difference and inability to take in essential nutrients that would eventually kill the cell.

The other method involves the protonated amine group binding with the cell’s DNA,

which results in the inhibition of the microbial RNA synthesis, preventing the cell from

replicating its genetic material.



As an application for the cell culture scaffolding, antibacterial and antiviral

properties are vital properties to possess as an aseptic environment is crucial for any

cell culture procedure and food products in general. Contamination in the bioreactor or

any steps in the production line will not only cause a stoppage in the production but

incur a substantial cost, so creating a part that can mitigate those occurrences is one of

our goals. Furthermore, by having antimicrobial properties in the raw product, we aim

that would also be able to increase the value through prolonging the product shelf life as

the rate of spoilage by bacteria decreases.



Effect of chitin, chitosan, N-acetyl chito-oligosaccharides, and chito-oligosaccharides on the

growth of Bacillus subtilis (left) and Staphylococcus Aureus (right)

Finally, the mechanical properties of the chitosan polymer can be altered to

mimic the ECM to induce cellular tissue growth. In addition to the amine group, which

can attach with the amino acid, such as the one for the RGD sequence, the structure

can be altered using electrospinning (ESP).

The electrospinning is typically done in a chamber where the solution is placed

inside a tip-ground-to-flat syringe and mounted on an electrically insulated stand. The

chitosan solution is usually composed of a blend of Ultra High Molecular Weight

Polyethelene Oxides (UHMWPEO) and Chitosan dissolved in an aqueous mixture of

acetic acid and dimethyl sulfoxide (DMSO). Then the syringe was maintained at high

electric potential through a high voltage power supply. The solution is then pushed at a

constant rate using a syringe pump through the potential electric field, leading to the

creation of the fibers. An aluminum plate is then used as a collector plate to collect the

fiber formed.

The fibers that are created mimic the ECM and have high porosity, surface area,

and vascular network properties. Combining these properties with bioactive capabilities

makes chitosan suitable for scaffolding materials. Further research is required as

chitosan is usually combined with another polymer to help strengthen the mechanical

properties. Past research has shown that Polyethelene Oxide (PEO) and Ultra High

Molecular Weight Polyethelene Oxides (UHMWPEO) help form fibers ranging from less

than a hundred nanometers to a few tens micrometer.  Some notable possibilities

include the use of hydrogels such as alginate and agarose. The process will involve a

https://www.sciencedirect.com/topics/chemical-engineering/chitin


trial and error procedure and property analysis of the solution to calculate if they have

the network necessary to induce cell growth. There could be possibilities of cost

reduction, even more, using alginate and agarose. Alginate and agarose are

plant-based derived from seaweed and are known polysaccharides already used in

research environments as scaffolding materials for cell culture on a laboratory scale.

With the addition of the conjugating polymer, it will also help with the charge

repulsion of the chitosan polysaccharides. As polysaccharide is a polyelectrolyte,

especially in an acidic medium as the amine group protonated, the charge repulsion

from the chitosan molecules will result in the creation of particles. However, this is is

solved with the addition of polymer mentioned earlier with PEO.

The biodegradability of the scaffolding material is also one of our main focus.

Because the material will be the surface where cells will adhere and form connective

tissue network, we wanted to create a scaffolding structure that is embedded in the

product. This meant creating the scaffolding from a biodegradable and safe-to-consume

material. Chitosan, composed of two glucose monomers with an amine and acetyl

group, is stll a polysaccharide, which meant that its glycosidic bond between the two



glucose monomers can be broken down. Three of the eight known human chitinases,

enzymes that degrade chitin, are present, which meant that the human body already

possessed the mechanism to break down the polysaccharides. These polysaccharides

are then broken down to oligosaccharide that is incorporated into the metabolic

pathways or excreted through the digestive system.

The bioactive possibilities is also one that attracts why chitosan is chosen. The

amine group that is present in the chitosan is already a great binding site for amino

acids to bind. This is crucial for the polymer’s bioactivity as amino acid sequence

compounds like the RGD sequence, which is a sequence of Arginine, Glycine, and

Aspartate amino acids, can be attached to induce cellular adhesion and growth in the

scaffolding material. In this particular example, the amine group can be protonated to

help form the peptide bond with the amino acids of the RGD sequence, creating this

glycoproteomic structure that would be used in the scaffolding. The bioactivity possibility

is very important as chitin itself is bio inert and does not induce any biological activity,

but by using chitosan, those possibilities can be achieved.

Chitosan Extraction Method

Chitosan extraction is a crucial step as chitosan doesnt occur abundantly in

nature. The extraction process of chitosan begins by treating the residual material with

dilute aqueous solution of Sodium Hydroxide (NaOH) to remove any proteins,

glycoproteins, and branched polysaccharides. Then it is proceeded to undergo acid

treatment using 2 to 10% hydrochloric acid (HCl) ot acetic acid at 95 degrees Celsius

for 3 to 14 hours. Then the sample is treated with 40 to 45% NaOH, in the absence of



oxygen at 160 degrees for 1 to 3 hours to perform the deactylation or removal of acetyl

group from the chitin molecule and yield the chitosan product.

Sourcing

The fungus Aspergillus niger is one of the most prevalent fungi found in nuts

(peanuts, pecans, pistachios, hazelnuts, walnuts, kola nuts, coconut and copra).

Cereals and oilseeds, particularly maize, are common sources, although A. niger may

be isolated from practically any stored item. Other typical sources include dried,

smoked, and cured fish and animal items.

Aspergillus niger is also one of the most significant microbes utilised in

biotechnology. It has been used to make extracellular (food) enzymes and citric acid for

many decades. Due to its capability to produce high yield of citric acid, fermentation by

Aspergillus niger is used for over 90% over global citric acid production. Unlike yeast,

the fungi cannot be reused after each production batch of citric acid, and the mycelial



matter are discarded, leaving around 80,000 metric tons of dry mycellial waste every

year. We aim to utilize this waste as a mean to improve the environmental impact while

getting a low cost biomaterial for cultivated meat scaffolding. Here we model the

demand of scaffolding material that can be fulfilled by this waste stream:

US Cultured Beef Scaffolding Biomaterial demand fulfillment by

Aspergillus niger mycelial waste from citric acid production:

Key Assumptions & Data

a. Assume future cultivated meat market share = 3%

comparison : 2020 plant-based meat market share in US = 2.7%

b. Assume % mass from scaffolding material = 3%

c. Beef consumption US 2019 = 27.3 Billion pounds

d. 80,000 tons/year of mycelial waste materials from Aspergillus niger

Calculations

e. % mass needed for scaffolding material = 24,570,000 pounds/year

f. 23.1% chitosan extraction efficiency = 40,840,800 pounds chitosan/year

g. % demand can be fulfilled ~ 166.22% of the cultivated beef scaffolding

projected demand.

Further research on feasibility of the methods

Solubility and degradation of chitosan is crucial in cell attachment of the adult

muscle stem cells (MSC). We need to ensure that the scaffold doesn’t degrade when

introduced with the media and the MSC. Analyzing the rate of degradation and the

degree of deacetylation will tell us how the scaffold will react in experiments.



The rate of degradation is how quickly a substance is broken down. The degree of

deacetylation (DD) represents the rate of D-glucosamine units with respect to the total

amount of N-acetyl-D-glucosamine that makes the chitosan molecule. The DD value of

chitosan also needs to be at least 85% as this is the minimum value in which the

degradation process of chitosan is low. We need to find a process in which we can

produce chitosan with a minimum DD value of 85%. If it is lower than 85% then chitosan

will have a high degradation rate. DD is a key factor in the proliferation and cell

adhesion of the MSC onto the scaffold. However, it doesn’t affect its cytocompatibility,

there is more research that needs to be done to show if its chitosan is not toxic to the

MSC.

Conclusion

Aspergillus niger (A. niger) is an underutilized resource that has a promising

potential in the scaffolding. The process of production is more controlled as it can be

produced all year round. It doesn’t suffer from seasonal problems, limited supply, and

product variability. The fungal source is more widely accepted as it isn’t considered as

an allergen and hence more consumers are able to digest it with different diets. Storing

the chitosan has an Improved shelf life as it is sourced from a fungus because it

reduces meat spoilage. The fungi source is also a by-product of the processing of citric

acid. By using this under-utilized resource, we are being sustainable to the environment.

However, as the demand for cultured meat increases, the consequence of being a

by-product of a process, it is unlikely to meet the demand for production. Scientists also



are switching to genetically modified yeast to produce citric acid, this will reduce the

total amount of mycelial waste available.

As an ingredient for scaffolding, we can extract chitin from the fungi and turn it

into chitosan through deacetylation. It has antimicrobial properties that can allow

increase in shelf life of raw meat products by reducing the rate of meat spoilage by the

bacteria. By using electrospinning, we can create chitosan fibers that can mimic ECM

for cell adhesion and maintain biocompatibility to muscle stem cells. Combining with

PEO, we can improve on its mechanical properties to be elastic. This ensures better cell

adhesion and nutrient diffusion across the scaffolds. A. niger holds many advantages to

different scientific fields, we must use this resource to solve problems that are inhibiting

the world from scientific progress.
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