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Abstract
Certain types of cheeses can take anywhere from months to years to be produced. The
normal cheese-ripening process is slow, expensive, and unpredictable. To overcome this
consequential lag, cheesemakers rely on techniques that can be expensive themselves, as well
as unsafe, difficult to use, and often ineffective.
CheeseAge is a freeze-dried bacterial powder that accelerates the cheese-aging
process. The product allows for the development of the desirable ripened flavor in half as much
time. CheeseAge relies on the molecule cyclic AMP (cAMP) to accomplish this feat. The
bacteria used in CheeseAge has been genetically modified with our ChA01 plasmid to
upregulate its production of the adenylyl cyclase enzyme. This increased production allows for
greater quantities of cAMP to be generated from ATP. cAMP then serves as a transcription
factor that induces increased expression of catabolic genes, which lead to the breakdown of
macromolecules responsible for the aged-cheese flavor. No other products on the market today
implement this technique of cheese-aging, making CheeseAge a novel product that can also be
used in combination with other aging techniques for even more effective aging.
The product will be manufactured using a sequence of bioreactors, purification systems,
and freeze-drying equipment. CheeseAge faces a $650 million startup market and possesses
the potential to provide significant cost reduction to cheese manufacturers. Due to its
effectiveness and desirability, we have priced one kilogram of the CheeseAge powder at
$17,000. We intend to spend one year on additional research and development before
beginning the manufacture and sale of our product. Considering our development, capital,
operating, and business costs, we estimate that CheeseAge will break even in cash flow after
four years and will reach an NPV of $50 million after only 10 years.
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Introduction
Cheese is a globally beloved food. It comes in a variety of flavors, forms, and textures,
making it one of the most essential ingredients for numerous recipes. Unsurprisingly, cheese
consumption has been increasing year by year. In 2019, it was reported that European people
consumed 18.4 kilograms of cheese per capita (Shahbandeh). People in the U.S. consumed
approximately 17.5 kilograms of cheese.

Figure 1: Cheese Consumption Per Capita in the U.S. (“Cheese Statistics”) This graph shows the
rising trend of cheese consumption in pounds over the past decade.

Throughout the whole manufacturing process of cheese, aging cheese is the most
prolonged step, which can take up to years. Due to this nature, manufacturers suffer from costly
inventory costs of delayed sales and capital costs of maintaining the optimal temperatures and
humidities of the ripening spaces. It was reported that manufacturers of ripened cheeses lose
3-7% of their production due to spoilage by molds during this step (“Tackling Food Loss and
Waste - Case Studies”). Hence, we found it important to develop a more efficient aging process
that can not only prevent these losses but also minimize the use of facilities both for the
manufacturers and the environment.
As a solution, we introduce our product, CheeseAge.
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The Product
Product Concept
Cheese aging is a long and expensive process. Certains types of hard cheeses can take
over a year to age, significantly increasing their production cost and limiting their production
capacity (“Cheeses - When Waiting is Required”). CheeseAge is a genetically engineered
freeze dried starter culture that can upwards of double the rate at which cheese ages. This
allows manufacturers to achieve a more mature flavor profile in less time, and thus at a lower
cost.

Needs Assessment
We assessed the basic characteristics needed, which includes the essential, desirable,
and useful needs of CheeseAge.
Essential

●
●
●
●
●

Mimics the effects of aging cheese and speeds the process by at
least two factors
Does not change the taste
Works on at least one type of cheese
Safe to ingest
Bare minimum heat resistance

Desirable

●
●
●
●

Works on multiple types of cheeses
Robust heat resistance
Maintains the shelf-life of the cheese
Colorless

Useful

●
●
●

Affordable
Stable shelf-life
Produce different flavors
Table 1: Needs of CheeseAge.

Product Specification
CheeseAge is a thermophilic starter culture, which is usually used to make most Italian
cheeses and performs best at temperatures between 40-50 ˚C (Johnson). It is designed for
Direct-to-Vat Inoculation (DVI), a convenient method commonly favored by manufacturers as it
produces consistent results. This step is performed when pasteurizing the milk before the
ripening process. The starter culture consists of lactococci and lactobacilli bacteria containing a
designed plasmid that upregulates the production of cyclic AMP. Cyclic AMP is the salient
molecule that is responsible for the fermentation of lactose to lactic acid in milk. With the use of
6

CheeseAge, producers would be able to increase the speed of aging by at least two factors.
25mg of CheeseAge is needed per kilogram of milk, which is the typical required ratio of starter
culture needed for the DVI method. In order to ensure the viability of the bacteria, CheeseAge is
freeze-dried in disposable containers that only have to be stored at 4 ˚C. The quantities are
customized upon request from manufacturers.

Figure 2: Physical Form of CheeseAge. This figure shows the freeze-dried cheese-aging bacteria
powder and the barrel in which the product is stored before Direct-to-Vat Inoculation (DVI).

Impacts
Societal
We believe that a product’s societal impact is just as important as its ability to bring in
revenue, if not more so. CheeseAge will perform an important societal function by acting as a
powerful catalyst for the formation of new cheese-producing small businesses by significantly
reducing startup cost associated with obtaining storage space for long-aged cheeses.

Environmental
CheeseAge will also play a significant, positive environmental role by more than halving
the amount of space required to store cheese at a constant manufacturing rate. This allows the
space to be repurposed for functions, cutting down on the amount of raw materials required to
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create new infrastructure. This same process also cuts the environmental footprint of cheese
ripening.
One possible environmental concern is that CheeseAge will cause companies to begin
producing more cheese to fit within the current warehouse space, thus requiring more cattle to
be raised, which would increase their environmental footprints. We do not believe this to be a
significant concern, however, because demand for cheese will not increase due to this product,
instead the cost of producing it will decrease.

Technical Design
The Molecular Basis
The Role of cAMP
CheeseAge works through the upregulation of cyclic adenosine monophosphate
(cAMP), an ATP derivative that acts as a second messenger in a number of signal cascades in
cells. cAMP is notable for its proliferative role in various catabolic pathways - its presence often
activates factors that result in increased breakdown of macromolecules such as complex
sugars, proteins, and lipids (Bruckner et al). It is currently known that cAMP levels are high
when ATP levels are low, implying that its purpose in upregulating catabolic pathways is
increasing the breakdown of molecules to provide additional energy for the cell (Griffiths et al).
cAMP acts by binding to a protein family known as cAMP receptor proteins, or CRP. The
CRP-cAMP complex acts as a transcription factor which can activate genes involved in catabolic
pathways (Bruckner et al).
We plan to upregulate cAMP by increasing the concentration of the enzyme that
catalyzes its synthesis, adenosine cyclase (AC) (Ritzert et al). By increasing the amount of AC,
we increase the saturation concentration of ATP, allowing more ATP to be converted into cAMP.
This will be done by genetically modifying the normal starter culture bacteria to add in a greater
copy number of the AC genes. This will be covered in more detail in the “Genetic Engineering”
section. The full pathway that we will be influencing is shown in Figure 10 in Appendix D.

Catabolism and Cheese Aging
As previously discussed, our product will increase the rate of CheeseAging by
upregulating the production of cAMP, which in turn will increase the activity of catabolic
pathways. Catabolic pathways are vital in the degradation of cheese - as cheese aging is
functionally the breakdown of various macromolecules such as polymeric proteins,
carbohydrates, and fats (Nunez). Thus, it is expected that upregulation of cAMP will in turn
increase the rate of cheese ripening.
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A well known example of cAMP-activated catabolism is the LAC operon. The LAC
operon is a gene sequence frequently found in bacteria that encodes proteins that facilitate the
breakdown of lactose. CAMP can activate the LAC operon by binding to CAP (another name for
CRP). The CAP protein, when complexed with cAMP, can bind to a DNA region near the LAC
operon promoter, and enhances binding of RNA polymerase to the sequence (Grffiths et al).
This facilitates the transcription of the operon, which encodes genes that upregulate the uptake
and degradation of lactose to provide energy for the cell (Ramos et al). We plan to take
advantage of this and similar mechanisms to accelerate the aging of cheese.

Genetic Engineering
The upregulation of Adenylate cyclase can be achieved through a variety of means but
in this context it was chosen to be performed in such a way that the end product would not
disturb current cheese production methods and reagents. Therefore, an existing cheese aging
culture was used and an additional plasmid was designed (Fox P. F. and Aiba, H.).
The starter culture that was chosen is a substrain of lactococcus lactis bacteria
commonly used in cheese aging for hard and various other artisanal cheeses. This bacteria
among others is often used in starter culture and is known for its low temperature stability and
strong contamination resistance (Fox, P. F. and Cogan, Timothy).
The plasmid pLP712 was chosen for its large structure and various features including,
the lac operon and an additional site for the addition of a gene for contamination screening in
the presence of a unique chemical signaling molecule (IPTG) (Cui, Yanhua; Kondo, Tomo;
WEmann, U.). This plasmid is naturally found in the bacterium but only serves to upregulate the
lac operon that already exists in the bacterium (Cogan, Timothy; Cui, Yanhua; Wegmann, U.).
The primary design process for the plasmid hijacks a pre existing plasmid commonly
found in the bacterium of choice, and uses a common genetic engineering technique known as
‘cassette mutagenesis’ to insert the gene for adenylate cyclase in line with the pre-existing lac
operon present on the plasmic of choice (Wells, James) . The operon as shown in Figure 4. will
function as normal with an extra gene being produced on the end of the operon given sufficient
conditions which are commonly achieved during cheese maturation (Wells, James and Fox, P.
F.). While some concerns were noted about the addition of a genetic sequence from E. coli
being used it was chosen because the sequence commonly found in the L. lactis bacteria has
not yet been sequenced which would be only of the major changes from this design during the
research and development phase. This mutation on the goal plasmid has been outlined in black
on Figure 3. The lac operon as described is shown linearized in Figure 4.
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Figure 3: The ChA01 Plasmid. The plasmid is an edited form of the plP712 plasmid with two cassette
mutagenesis mutations one of which is shown and then magnified in Figure 4.

Figure 4: The Linearized lac operon. As described above this operon is the genetic component of
CheeseAge

The second edit allows for screening to find recombinant bacteria during the implantation
process. This means that after the plasmid is inserted or uptaken by the bacterium, a chemical
signaling molecule can be added and the bacteria that have the plasmid will fluoresce due to
expression of GFP (Kondo, Tomo). Providing an easy screening method and a good way to
check for the presence of the plasmid throughout the fermentation process. During this edit an
additional gene can be added for contamination control such as a pH tolerance gene or
antimicrobial resistance gene however this was not deemed necessary because the production
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process has included measures for contamination control as will be discussed later on (Fox, P.
F.).

The Process of Cassette Mutagenesis
To implant the plasmid and remove other copies of the plasmid the bacteria will be
cultured in a nutrient rich solution to encourage loss of plasmid during replication (Fox, P. F.).
After which the bacteria will be cold shocked and then heat shocked causing an uptake of the
plasmid (Wells, James). The bacteria will then be grown on a plate with the chemical signaling
molecule and screened for fluorescence as described above (Wells, James and Kondo, Tomo).
This will allow for purified cultures of bacteria with the plasmid to be harvested and cultured in
varying scales before being fermented in large 2000L bioreactors (“New Brunswick Bio Flo Pro”,
and Tanny, B. Gerald 12).

Modeling
Basic Equations
A model for the process of cheese aging was developed using a series of mass
balances describing the production and turnover of the enzyme adenylyl cyclase (AC), the
production and turnover of the cAMP molecule, the binding of cAMP to CRF, total number of
receptors, and a mass of curd cheese. The equations are described below:

The mass balance of AC is shown as equation 1, and is defined by the generation rate
and the elimination rate. The generation of AC is the term kACgen, and is defined in the model by
the copy number of the AC gene that we insert. It is modelled as zeroth order, and is the only
11

variable that we manipulate in our bacteria. The elimination rate of AC is kACe, and is modelled as
first order with respect to the concentration of AC present in the cell.
The mass balance of cAMP is shown as equation 2, and is defined similarly to equation
1, with one major difference in that the generation rate, kcAMPgen, is modelled as first order with
respect to the AC concentration. This is accomplished by assuming an excess of ATP, which
also takes part in the reaction. Assuming excess allows us to set its concentration as constant,
thus converting an otherwise second order reaction into a first order reaction. We believe this
assumption is reasonable since the upregulation of cAMP will in turn cause more ATP to be
produced, keeping its concentration high and making the reaction rate and enzyme
concentration the limiting factor in the reaction. The elimination rate of cAMP is kcAMPe, and is
modelled as a first order function with the concentration of cAMP.
The binding and unbinding of cAMP to CRF is shown in equation 3, and is assumed to
be at equilibrium. The reaction is split into binding and unbinding segments. The binding
segment is second order with the concentration of cAMP and the concentration of CRF, and is
controlled by a rate constant kon. The unbinding segment is first order with the concentration of
the transcription factor, and is controlled by a rate constant koff. The ratio of koff/kon is defined as
kd, the dissociation constant for the binding reaction. This ratio is also the concentration of
cAMP at equilibrium that corresponds to 50% saturation of CRF. It is the ratio that is of actual
importance, and since we assume rapid equilibrium, we set koff and kon to arbitrary large values
that fit the ratio.
The receptor balance is shown in equation 4. It is a sum of the total CRF proteins in the
cell, and is a combination of the unbound CRF and the bound CRF (also known as the
transcription factor). The total value stays constant, while the others change.
The curd balance is shown in equation 5. It is a simple first order elimination of the curd
as it is converted into cheese, and is controlled by the rate constant kage, This rate constant will
be a function of the bound concentration of transcription factor, this will be discussed in greater
detail in the next section.

Establishing Steady-State
Since our overall model is measuring a process that occurs on the scale of months,
while the individual reactions and turnover processes occur on the scale of seconds, we
assume that the mass balances (except for the curd balance) rapidly approach steady state.
This allows us to define the concentrations as direct ratios of the generation and elimination
rates. We then establish simplified equations to use the various rate constants to establish a
concentration of cAMP, and an equation to represent the fraction of total CRF bound to cAMP.
Finally, we adjust the rate constant of the curd balance to be a function of the bound CRF. The
equations are described below:
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Equation 6 is a combination of equations 1 and 2 under the quasi steady state
assumption. It allows us to express the concentration of cAMP as a function of three biological
constants, as well as the rate of AC generation, which will be defined by us.
Equation 7 uses pseudo-equilibrium assumptions and a combination of equations 3 and
4 to establish a langmuire-like equation to represent the fraction of CRF proteins bound to
cAMP, activating their transcription enhancing properties. This equation is a function of the
concentration of cAMP in the cell, and the kd of cAMP binding to CRF.
Equation 8 is a slight modification of equation 5. Instead of using a normal first order rate
constant, we make our rate constant a function of two terms, fCRF_B and kage max. The former is the
fraction of CRF bound to cAMP, as described by equation 7. The latter is the maximum possible
rate of cheese aging, assuming saturation of CRF. This value can be derived by dividing the rate
constant of cheese aging using normal bacteria, and dividing it by the normal saturation level of
CRF in unmodified organisms

Determining Values
Due to the scarcity of research on certain specific values, we need to make a few more
simplifying assumptions to establish our model. First, the precise concentration AC within the
cell could not be determined. Instead, we set it equal to 1, and ensure the ratio of the generation
and elimination constants for AC is equal to 1. By doing this, we effectively measure AC in units
of its own normal concentration within the cell. (thus, a concentration of 2 effectively means the
cell contains twice the normal concentration of AC). The binding affinity of cAMP (the inverse of
the dissociation constant) was determined to be 1.9E4 M-1 from literature (Ren et al). To
determine the concentration of cAMP in the cell under normal conditions, we set the fraction of
CRP bound to 20%, as this corresponds to the ability of cAMP to quintuple the aging rate, which
was a value determined from literature (Royal and Dolores) This corresponded to a
concentration of 1.3E-5 M. Finally, the half life of the cheese model was set to 6 months - this
was used to calculate an elimination constant for cheese using normal conditions. This constant
was then used to calculate the maximum possible rate at saturation, which was determined to
be .578 kg/month.
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Plots
Finally, we utilized MATLAB to plot our equations with the determined values. The plots
generated are shown below.

Figure 5. (A) Rate of Cheese Aging with Different Adenylyl Cyclase Synthesis Rates. This plot
shows how the flavor profile of the cheese changes with time under different adenylyl cyclase synthesis
rates. (B) Time Required to Reach Same Flavor. This plot shows the amount of aging required to
achieve the same flavor between a normal cheese, and a cheese inoculated with CheeseAge using a 5x
rate of adenylyl cyclase generation.

In Figure 5. (A), we show the flavor profile of cheese with time under different AC
generation rates. We can see that, as expected, higher AC generation results in faster cheese
aging.
In Figure 5. (B), we show the relative time required to reach the same flavor in both
normal and CheeseAge cheese. In this plot we use the maturation rate obtained from a 5x AC
generation rate. Importantly, although we know that we should theoretically be able to achieve a
5x rate of maturation, we only see a 3x rate here. A 5x rate can be achieved, but requires an AC
generation rate that is much higher than 5x. Since we are assuming that our AC generation will
be stimulated by adding AC genes to a plasmid, this also means that we would need a large
copy number of AC to achieve the maximum rate, which in turn could result in a plasmid that is
far too big. A 3x maturation rate is still achieved with a copy number of just 5, which is still an
incredible increase. Moving forward, we will assume that CheeseAge only increases the rate of
cheese maturation by 2x to produce conservative estimates, however our model demonstrates
that greater maturation is possible.
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Intellectual Property Assessment
Patent Search
We performed a preliminary patent search on cheese-aging accelerants and found two
main categories of patents: modified starter cultures and alternative bacterial component
additives. Appendix A, Table 3 defines the patents we determined to be most relevant to our
product.
Our product most closely resembles the modified starter culture category
however, none of the patents found implemented our specific modification:
engineering of the bacteria to upregulate their production of the cAMP molecule.
relevant patents listed above are also expired and therefore would serve
informational resource to us.

of products,
the genetic
Many of the
only as an

However, US Patent No. 7041323: Method for Providing a Cheese…dated 2006 may
present an obstacle to our patenting of CheeseAge. One of the claims of this patent is for “a
method for providing a cheese, the method comprising steps of…adding to the resulting cheese
curd a…lactic acid bacterial starter culture giving the resulting cheese its specific
characteristics…wherein the bacterial species is a lactic acid bacterial species including a
Lactococcus species, a Lactobacillus species…” Our bacterial species is to be a Lactococcus
and/or Lactobacillus species, and our product can be considered a modified starter culture in its
freeze-dried form. The generality of patent 7041323 encourages us to consider patenting the
plasmid itself rather than our freeze-dried bacterial product. Further consultation with legal
experts is necessary to determine the scope of the claims of this patent.
Further consultation with legal experts will also be necessary to determine the specific
patents and licenses that will be necessary for our product. We may choose to patent both the
plasmid itself and the freeze-dried bacterial product, depending on the restrictions imposed by
other existing patents. At this point, we believe that we will need to file a provisional utility patent
followed by a nonprovisional utility patent regardless of whether we choose to patent our
plasmid or the plasmid-induced, freeze-dried bacteria product.

Current Competitors
We have identified 7 competitors to our product currently available for use. These
competitors include generalized techniques as well as specific products. The techniques include
addition of free amino acids, addition of starter/secondary cultures, temperature elevation, and
implementation of cheese slurries (Fox). The competitive products include DSM’s Accelerzyme,
Arla Foods Nutrilac FastRipe, Novozymes’ collection of cheese-applicable enzymes, and
Dupont’s Accelase. The specific function and effectiveness of each of these competitors are
outlined in Appendix A, Table 4.
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CheeseAge possesses many of the characteristics that make its competitor products
effective. CheeseAge will be applicable to at least three general classifications of cheese upon
its introduction to the market. It will introduce ripened flavor in a shorter time without imparting
bitterness or decreasing shelf life. It requires very little change to the existing cheese
manufacturing process.
CheeseAge also has characteristics that make it more appealing than some of its
competitors. CheeseAge’s mechanism is unlike any of those implemented by its potential
competitors. Because of its unique mechanism, CheeseAge can likely be used in combination
with some of its competitors. A single formulation of CheeseAge is to be applicable to at least
three classifications of cheese from the outset, whereas some competitor products are only
useable with a single type of cheese. CheeseAge offers guaranteed greater age-accelerative
power than most of its competitors. DSM’s Accelerzyme has shown only a three-month
decrease in aging time, and many of its competitors do not define a specific amount of
acceleration (Heller).
CheeseAge has an advantage in that it is designed specifically for the cheesemaking
and cheese-aging process. Novozymes enzyme collection is used across a variety of
applications and thus may possess characteristics that are undesirable for the cheese-aging
process (“Cheese flavors faster…”). Finally, it is also a safer option compared to the methods of
temperature elevation and implementation of cheese slurries. Both of these methods introduce
“increased risk of microbial spoilage” (Fox).

Manufacturing
Startup
The process of starting the manufacturing CheeseAge will occur in two major phases:
Bacterial engineering, and culture scale up.
Bacterial Engineering
The first stage in the CheeseAge manufacturing process is the genetic engineering of
lactobacilli bacteria by inserting a plasmid with the adenylyl cyclase gene, as discussed in the
previous genetic engineering segment. After selection of an appropriately mutated bacteria, we
will establish a small culture, and freeze aliquots at -80°C. This will ensure that we have backup
cultures in case a bioreactor becomes contaminated or other issues arise.
Culture Scale Up
After establishing a small culture of genetically engineered bacteria, scale up of the
culture can begin. Scale up consists of reculturing the bacteria in progressively larger cultures,
until we have an established culture in a 2000L bioreactor. Due to the exponential growth of
bacteria, we do not foresee this process taking very long.
16

Manufacturing Specifications
Once the starter cultures have been established on a large scale, we can begin the
actual manufacturing process. We will use a total of thirty 2000L bioreactors working in parallel.
Adding more bioreactors ensures that when one bioreactor is down due to contamination or
failure, we can continue to produce product. Each bioreactor will operate at a continuous
flowrate of 600 L/h. The cells will be maintained at a concentration of 1011 cells/mL. This
concentration of bacteria and flowrate results in the production of roughly 20 g/h of product from
each bioreactor. An in depth look at the process can be found in Figure 11 in Appendix E.
Feed and Bacteria Production
Since we are utilizing bioreactors to produce our product, we will need to source a feed
stream rich in nutrients that maximizes our bacteria’s growth rate, while keeping costs low. To
determine the composition of feed, we use the monod model for lactobacillus Lactis with
parameters obtained from Rezvani et al. The equations governing the mass of the bioreactor
are equations 9 and 10 listed below:

Equation 9 represents the concentration of bacteria in mg/L. It incorporates classic
monod model parameters, the flowrate Q, the volume V, and the concentration of bacteria, CX,
and the concentration of substrate, CS.
Equation 10 represents the concentration of substrate in mg/L. It incorporates classic
monod model parameters, as well as many of the parameters involved in equation 9.
Additionally, a feed concentration of substrate, CSin, is included. We solve for this concentration
to determine the composition of the feed. Additionally, the term YX/S is a conversion factor to
convert from bacteria produced to substrate consumed.
The monod model displays saturable kinetics, thus we chose a steady state substrate
concentration that allows us to reach near saturation To achieve this substrate concentration,
we determine that we need a substrate concentration of 50g Lactose per kg feed. Additionally,
the feed requires 5g peptone, 3g beef extract, and 942g water per kg (“Nutrient Broth Recipe”).
While lactose was used in our initial calculations, we choose to use an equivalent mass of
glucose, which is a more efficient and inexpensive substrate.
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Post-Bioreactor Processing
After the bacteria has been produced from the bioreactor, it will be filtered by
centrifugation. This allows us to remove some waste products before moving on (Cardoso et al).
After filtration, the product will be freeze dried. This will allow for long term storage of the
bacteria at a low temperature of 4°C. The freeze drying process will occur through vacuum
extrusion, followed by a pass through a drum dryer. The process removes all the liquid from the
product, which will give us a solid, packageable product to send out to customers (“How does
Lesaffre make yeast?”).
Preventing Contamination
Contamination is our largest concern as a company that produces bacteria. We cannot
use antibiotics in our bioreactor as it would mean distributing antibiotic-resistant bacteria in food.
Thus, we must take alternate precautions. Techs working in the plant will need to wear
protective suits and decontaminate before entering the facility. All feed will be run under UV light
before being passed into the bioreactor, ensuring any bacteria present will be eliminated before
contamination can occur.

Safety and Regulations
CheeseAge is a bacteria that has been modified using in-vitro molecular biology
techniques to upregulate its production of cAMP, and therefore is classified as a genetically
engineered microorganism (GEM) (Hanlon and Sewalt). The product will be regulated by the
FDA as it is a GEM intended to be eaten by humans.
The protein that we intend to upregulate production of, cyclic AMP, is present in all living
species, and there is no evidence indicating that the protein, when consumed by humans, has
any negative effects. The bacterial species we plan to use to facilitate this production, to be
added to the cheese and remain in the cheese for human consumption, is used in the
production of cheese already, though of course without our genetic edits. We have specifically
decided to refrain from imposing antibiotic resistance in our plasmid, used to purify transformed
bacteria from un-transformed counterparts, as we do not wish to impart the resistance to cheese
consumers, and instead plan to use UV sterilization and Medium Filtration to ensure a pure
product.
We are committed to the development of a safe and effective product. Thus, to ensure
FDA approval, we plan to characterize the plasmid, bacteria, and generated proteins to prove
that they do not “differ significantly in structure, function, or quality from natural…proteins” (“US
regulation…”). We will also perform experiments to ensure that the product is not dangerous to
human or environmental health, but again, based on our “base” organism, the method of the
alterations we are imposing, the results of the alterations we are imposing, and the overall
similarity to other organisms implemented in food manufacturing, we have no doubts that it will
be safe for human consumption and the environment.
18

We predict that CheeseAge will be designated a “Generally Recognized as Safe” food
additive under the FDA’s Federal Food, Drug, and Cosmetic Act (FFDCA) based on its similarity
to other products used in food production, including the lactic-acid producing bacteria and
multiple strains of yeast. However, to make sure that this is the case, we plan to contact the
Office of Food Additive Safety and potentially engage in a pre-petition consultation with the FDA
(“Guidance for industry...”). If necessary, based on the information we collect during research
described above, we will submit a Food Additive Petition to the FDA that conforms to the
requirements outlined in Code of Federal Regulations Title 21 Section 171.

Economics
Projected Market
The global revenue coming from cheese reached $167 billion in 2018, with the United
States generating $25 billion (“Leading countries...”).
Total cheese production in the United States in 2018 was 6 billion kgs according to the
USDA National Agricultural Statistics Service (“Quick stats”). We broke this production down by
type of cheese in the pie chart below.

Figure 6: Breakdown of 2018 US Cheese Production by Type of Cheese

The first iterations of our product will be focused on use in the manufacturing of hard
cheeses including swiss, jack, parmesan, Romano that are commonly aged to achieve their
desired flavors. The total amount of revenue generated from these cheese types in 2018 was
$4.3 billion and we expect to capture 15% of that market, bringing our projected market size at
startup to be $650 million (“Quick stats”).
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We are not prioritizing compatibility with cheddar cheese in initial designs and
development of our product as we feel that we can achieve more significant economic gain by
focusing on more specialty cheeses that have longer aging times.
Our customers will include large-scale cheese manufacturers and dairy producers.
Currently, twenty major companies are responsible for 75% of the natural and specialty cheese
production in the United States. The top three of those producers are Leprino Foods, Saputo
Cheese USA, and Hilmar Cheese Company (Umhoefer). Evidently, those three companies are
not well-known to the general public. We believe that the addition of CheeseAge to their
manufacturing process could permit these and other cheese making companies to drastically
improve the profitability of their businesses. The product will increase profitability in three ways.
The product can improve the quality of cheese manufactured by improving the ripened flavor.
The product will also expand the types of cheese that a company has the capacity to
make—companies that currently focus on simple cheeses may be able to explore the more
expensive specialty cheese market.
The most substantial way that our product will increase profitability is by decreasing the
downstream manufacturing costs. Our product permits for the same amount of “aged” cheese to
be produced in a smaller warehouse space by decreasing the necessary ripening time. Typical
aging facility costs make up approximately 10 percent of companies’ manufacturing costs, so
decreasing the size of these facilities or length of time these facilities are in use, a company can
significantly increase their revenue (Bouma et. al).
Based on the equations developed in “Start-up and operating costs for artisan cheese
companies,” we performed calculations to compare the typical aging facility costs to predicted
costs for an aging facility for cheese containing CheeseAge for our targeted cheese types
(Bouma et. al). We used the equations included below as well as the total US cheese production
of a particular type in 2018 and assumed that CheeseAge halves the typical aging time
necessary. To determine the savings, we subtracted the with-CheeseAge costs from the
without-CheeseAge costs.

Where Ca is the typical cost of aging facility, Ca,C is the cost of aging facility with
CheeseAge, Pa is the cheese production per year in kg, Ea is the aging room estimation factor,
0.01 m2/kg, and 300 is in dollars and represents cost per m2 needed. Because of the production
quantities of cheese we are considering, the 24,000 factor representing the minimum storage
facility costs included in the referenced equations is negligible and was not used in our
calculations.
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Type of Cheese

Cheese Production
2018 (million kgs)

Typical Storage
Facility Cost*
(million USD)

Storage Facility
Cost with
CheeseAge*
(million USD)

Swiss

150

450

225

Jack

660

1980

990

Parmesan,
Romano, & Similars

220

660

330

Table 2: Comparison of Storage Facility Costs with and without CheeseAge for Production of
Particular Cheese Types in 2018.

Costs
Development Costs
As we predict that the additional research and development necessary to make
CheeseAge into a viable product is fairly minimal, we estimate that the start-up and
development time will span one year. We predict that our development costs for that year will
come to $645,000.
Our plan is to lease three lab benches at $5000 per month each for a year total of
$180,000 (Saltzman). This is a comparatively lower cost and makes more sense than building
our own independent facility given our short development period. It will provide us access to
state-of-the-art materials without having to purchase them ourselves. We will hire two PhDs and
two technicians to conduct the research over the year, paid $120,000 per year and $60,000 per
year, respectively (“Departments and job descriptions…”). We have included $75,000 to cover
any additional consumable supply and lab costs incurred. Our patent and legal costs include the
costs of a professional patent search, lawyer fees, and the development and filing of multiple
patents, and come to $20,000 (“How much does a patent cost…”).
Like other “Industrial, Energy, and Materials” companies described in Craft.co’s article
describing industry spending on research and development, in consecutive years, we plan to
spend approximately 3 percent of our annual revenue on continued investigations with this
product (“What industry…”).
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Capital Costs
To begin, capital costs include any equipment for production of the product, as well as
any equipment for packaging and storing the finished product before shipping to the customer.
This means that we will need a large array of 2000L bioreactors, supporting equipment, feed
sterilization equipment, product filtration equipment, drum dryers, vacuum extruders, and lastly
an industrial size freezer for product storage. This results in a total capital cost of $9 million
without the lang factor and contingencies as described below.
To reduce the required initial investment the process will be scaled up across 3 years to
allow for a lower required initial investment and for changes in project outlines to accommodate
market growth and expansion of the product line. This will be done beginning in year 1 quarter 2
by purchasing the 2 initial bioreactors at around $200,000 a piece (“New Brunswick BioFlo
Pro”). Continuing to add 2 additional bioreactors each quarter for the rest of year 1 and in year 2
adding 3 bioreactors per quarter to finish with a total of 30 bioreactors. Additionally for each
bioreactor both a UV and medium filtration unit and a product filtration unit will be included at
$50,000 for each unit, for an additional cost of $100,000 per bioreactor, to maintain a highly
sterile environment (Cardoso, Valdemir M.). The product packaging units are designed to handle
the output for 10 bioreactors and as such will be added in, in increments throughout the scale
up costing $20,000 for each unit for a total cost of packaging of $120,000 split across the 3 year
scale up process (“Vacuum Extruder”, and “Drum Dyer Data”). Lastly, the industrial freezer was
quoted at $13,000 for a 10’x12’x8’ freezer able to achieve a constant temperature of 4˚C
allowing a large amount of product storage in between shipments (“Walk in Freezer”).
Since all of these costs were estimated from the equipment cost it is advisable to
estimate with a lang factor to include installation fees and warehouse and other fees. The Lang
factor is chosen per industry standard and while cheese manufactures do not publish their own
Lang factors it was decided that the product and manufacturing process closely resemble a
classical pharmaceutical business plan. As such a Lang factor of 7 was used as per the industry
standard. The Lang factor of 7 is often justified due to the highly volatile nature of bacterial
components and how easily cultures can be contaminated . This means that the utmost care
must be given to layout and contamination control measures to assure that contamination rarely
occurs and if contamination occurs that bioreactors will be able to come back online as quickly
as possible. Additionally, as noted in the provided materials a 10% contingency and 30%
uncertainty were added to cover any additional capital costs that were encountered
unexpectedly.
In conclusion, as the capital costs are split across 3 years in a complex manner it has
been accounted for in Appendix B, amounting in total to approximately $64 million.
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Business Costs
Business costs include marketing/selling expenses, distribution cost, corporate
overheads, and ongoing research support costs. The costs will be incurred after the first year
when CheeseAge is fairly developed for practice.
Since our customers are industrial-scale cheese manufacturers, marketing and selling
are not based on an online presence. Instead, we will be having a sales team consisting of a
service representative and 5 sales representatives that will be focusing on direct selling to
cheesemakers. As expedited cheese aging does not necessarily lead to increased demand of
cheese, we will be having 5 sales representatives to diversify our customers. The distribution
cost covers packaging, handling, and shipping of our product. This cost will increase by 20%
every year due to the estimated increase in market share. Corporate overhead includes legal
and regulatory costs and the salary of a full-time accountant. Here, we estimate 50 hours of
legal work needed for each year with a lawyer paid at $300/hr (“2020 Attorny Fees…”).
Furthermore, ongoing research support expenses will cover the salaries of one chemical
biomolecular engineering PhD and two assistants. These researchers will continuously work on
improving our product and possibly expanding to other types of cheeses.
We projected that the initial business cost is approximately at $1,100,000 and will
continue to increase in the following years. The complete breakdown is shown in Table 8.

Figure 7: Business Cost Projection from Year 1 to 10. The estimated business cost rises as the
distribution cost increases by 20% every year.
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Operating Costs
Operating costs include continuously incurred costs required for the production of the
product, such as bioreactor feeds, energy and maintenance costs, and labor costs. These costs
will be incurred once production of CheeseAge begins, and will increase with scale.
Using a flowrate of 600 L/h per bioreactor, we require $24,000 per month per bioreactor,
based on the feed composition established in (“Find Quality Manufacturers...”). Due to the
varying cost of medium materials, we will assume 50% additional cost in the final cost
calculation.
For energy, oxygen, and maintenance costs, we utilized an online bioreactor calculator
tool. Using this tool, we determined the cost of these factors to sum to $1,600 per month per
bioreactor (Biosciences).
Due to the scale of our plant, we have chosen to hire 24 techs to service our bioreactor.
Each tech will cost $60,000 per year. Additionally, we need to account for administrative and
non-operational personnel costs, as well as supply costs for the personnel. We assume that
administrative costs and taxes run us an additional 90% over labor, non-operational labor will
cost an additional 50% of labor, and that supplies cost 30% of labor. We thus calculate
non-labor cost at $210,000 per month.
We thus project an overall operating cost of $1.1 million each month, or $13.2 million per
year at maximum operating capacity. We assume that our operating cost will increase
proportionally to the number of operating bioreactors, and this will be reflected in our final
profitability analysis.

Profitability Analysis
As CheeseAge is a niche product in the market, we decided to price our product at
$17,000 per kilogram, which is based on the ⅓ of the potential savings that the industry can
make.
Based on the product price, market share assumptions, and cost estimations, we have
developed a profitability analysis for the first decade of operation as shown in Figures 8 and 9.
The first year is heavily devoted to developing our product, with no operation and business
costs incurred. We start generating revenue the following years and break even in the fourth
year.
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Figure 8: Cash Flow Plots with and without time value of money. The plot on the left shows the cash
flow values in millions of USD for a decade of operation. The plot on the right shows the same zoomed-in
cash flow values of the first five years.

Figure 9: Net Present Value Plots with and without time value of money. The plot on the left shows
the net present values in millions of USD for a decade of operation. The plot on the right shows the same
zoomed-in net present values of the first five years.

In merely a decade, assuming a 10% discount rate and 35% tax rate, we are achieving
an NPV of $50 million and net cash flow of $108 million. Considering the initial development
investment of $25 million, we have a profitability index of approximately 4.3, indicating that our
product is highly profitable.
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Conclusion
Throughout the course of history cheese aging has become a well oiled machine
optimized with profit in mind, unchanging and unyielding to progress, CheeseAge aims to
change that. By providing a solution to reduce waste and increase efficiency while cutting costs
of cheese maturation.
CheeseAge is a product that aims to allow cheese manufacturers to decrease
warehouse storage costs, by reducing the time it takes to age cheese by more than 50%. By
saving manufacturers more money and bringing a large efficiency boost to many artisan cheese
manufacturers who often age cheese for years at a time, this product aims to give cheese
manufacturers the ability to age cheese faster than ever before with the exact same flavor.
CheeseAge will quickly become and remain an industry standard for years to come as a
solution to increase efficiency and save costs in the maturation process while giving smaller and
niche manufactures the ability to increase product output without the need for additional
warehouse space. Giving the cheese making industry a new engine, without changing the flavor
countless consumers have come to know and love.
For investors CheeseAge can bring a NPV of $50 million USD at the end of 10 years,
with even higher outlooks as we look to expand to more markets and continue to improve the
product to achieve even faster aging speeds.
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Appendices
Appendix A: Relevant Patents & Competition
Table 3: Relevant Patents
Category

Number

Year

Title

Technique

Modified Starter
Culture

3689286

1972

Rapid production
of a cheddar
cheese flavored
product

Non-toxic lactobacilli,
enterococci, gram
negative, or aerobic
nonspore forming bacilli
culture

3875305

1975

Production of
cheddar cheese

Streptococcus
diacetilactis culture

4554165

1985

Method of making
cheese with
proteinase
negative bacteria

Proteinase negative
lactic bacterial culture

6586025

2003

Use of keto acids
to enhance the
flavor of cheese
products

Lactic acid bacterial
culture and keto acid

7041323

2006

Method for
providing a
cheese by adding
a lactic acid
bacterial starter
culture to the
cheese curd

Lactic acid bacterial
culture

4158607

1979

Enzymatic
preparation for
ripening of milk
protein products

Proteases of molds and
autolysates of lactic
acid bacteria

4690826

1987

Bacterial enzyme
used as a cheese
ripening aid

Protease derived from
the psychotropic flora of
raw milk

Bacterial
Component

31

4707364

1987

Composition for
accelerating
cheese aging

Partially disrupted L.
casei or L. lactis and
dried lipase

4726954

1988

Lipolytic enzyme
derived from an
Aspergillus
microorganism
having an
accelerating effect
on cheese flavor
development

Lipolytic enzyme
derived from an
Aspergillus
microorganism

7556833

2009

Cheese flavoring
systems prepared
with bacteriocins

Bacteriocins
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Table 4: Competitors
Product

Mechanism

Acceleration

Types

CheeseAge

Genetically
engineered
Lactococci or
lactobacilli culture

Upregulate
production of
cAMP

2 times faster

Swiss, Jack,
Parmesan,
Romano, and
similars

DSM
Accelerzyme
CPG

Carboxypeptidase
derived from
Aspergillus niger

Releases amino
acids from
natural peptides
or proteins

3 months faster

“Variety”

Novozymes
Alcalase

Endo-protease

Hydrolysis

--

Cheeses with at
mildly acidic to
alkaline pHs

Novozymes
Neutrase

Endo-protease

Hydrolysis at
neutral pH

--

Cheeses with
neutral pHs

Novozymes
Flavourzyme

Endo- and exopeptidases

Hydrolysis

--

--

Novozymes
Palatase

Lipase

Hydrolyzes
dairy fats to
form free fatty
acids

--

Italian varieties,
cheeses from
goats’ and sheep
milks

Novozymes
Exo-peptidase
Protana Prime

Releases free
amino acids
from proteins

--

--

Novozymes
Protana
UBoost

Glutaminase

Converts
glutamine into
glutamic acid

--

--

Arla Foods
Nutrilac
FastRipe

Whey protein

Reduces
number of
hydrophobic
bonds between
casein
molecules and
speeds up
degradation of
peptides into
amino acids

1-6 weeks faster

Gouda, Edam,
Manchego,
Cheddar and
Port Salut

33

Accelase

Enzyme
preparations
derived from L.
lactis

Peptidase
activity

--

--

Elevated temperature

--

--

Cheddar

Free amino acids

--

--

Cheddar

Cheese slurries

--

--

Particular
slurries for
particular cheese
types

Starter/secondary cultures

--

--

Particular
starters for
particular cheese
types

*The -- indicates that the information was not able to be found.
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Appendix B: Costs Breakdown
Table 5: Development Costs for the first year of CheeseAge
Item Group

Item

Lab Space
Personnel

Cost/unit

Quantity

Subtotal

Lab Bench leasing $60,000

3

$180,000

PhDs

$120,000

2

$240,000

Research
Assistant

$60,000

2

$120,000

Supplies

Supplies,Consum
ables, and
External Services

$75,000

1

$75,000

Legal

Patents & Legal
Fees

$20,000

1

$20,000

Total
Development
Costs

$635,000

R&D cost will be covered by 3% of revenue per year.
Salaries for personnel include benefits.
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Table 6: Capital Costs for CheeseAge Split Across 3 Years
Year

Year 1

Year 2

Year 3

Quarter

1

2

3

4

1

2

3

4

1

2

3

4

Number of
Bioreactors

0

2

4

6

9

12

15

18

21

24

27

30

Bioreactor

0

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

UV
Sterilization

0

0.1

0.1

-0.1

0.15

0.15

0.15

0.15

0.15

0.15

0.15

0.15

Product
Filtration

0

0.1

0.1

-0.1

0.15

0.15

0.15

0.15

0.15

0.15

0.15

0.15

Low Temp
Drying Unit

0

0.02

0

0

0.02

0

0

0

0.02

0

0

0

Vacuum
Extruder

0

0.02

0

0

0.02

0

0

0

0.02

0

0

0

Sub Total

0.013 0.64

0.6

0.6

0.940 0.9

0.9

0.9

0.940 0.9

0.9

0.9

Total (with
Lang Factor,
0.09
contingency,
and uncertainty)

4

4

4

7

6

6

6

7

6

6

6

Net Total

5

9

13

20

26

32

38

45

51

58

64

0.09

All values in million USD. Note: Total and Net Total have been rounded for clarity.
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Table 7: Operating Costs for CheeseAge Split Across 3 Years
Year

Year 2

Year 3

Quarter

1

Feed

0.432 0.648 0..864 1.08

2

3

4

Year 4

1

2

3

4

1

2

3

4

1.29

1.51

1.73

1.94

2.16

2.16

2.16

2.16

Oxygen/Energy/
.03
Maintenence

.042

.057

.072

.087

.1

.114

.129

.144

.144

.144

.144

Labor

.072

.108

.144

.18

.216

.252

.288

.324

.36

.36

.36

.36

Non-Labor

.126

.189

.252

.315

.378

.441

.504

.547

.63

.63

.63

.63

Total

.658

.988

1.317 1.65

1.98

2.31

2.63

2.96

3.29

3.29

3.29

3.29

All values in million USD. Note: Total and Net Total have been rounded for clarity exact number available
upon request
No operating costs are incurred before year 2, Operating costs remain constant after year 4.
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Table 8: Business Costs Breakdown for the first year of CheeseAge
Item
Marketing/Selling
Expenses

Cost/unit

Quantity

Total Cost

Sales Representative

$90,000

5

$450,000

Service Representative

$90,000

1

$90,000

Conference Travel Fee

$30,000

Distribution Cost
Corporate
Overheads

Ongoing
Research
Support

$200,000
Legal/Regulatory

$15,000

Accountant

$85,000

1

$85,000

PhD Researcher

$120,000

1

$120,000

Assistants/Technicians

$60,000

2

$120,000

Total Business Costs

$1,110,000

Business costs are incurred after year 1. Distribution costs increase by 20% every year.
Salaries for personnel include benefits.

38

Appendix C: Projected Cash Flow and NPV
Table 9: Project Cash Flow for the First 10 Years
Year

1

2

3

4

5

6

7

8

9

10

R&D

-1

-1

-2

-3

-3

-3

-3

-3

-3

-3

Equipment -13

-25

-25

0

0

0

0

0

0

0

Operation

0

-6

-13

-18

-18

-18

-18

-18

-18

-18

Business

0

-1

-1

-1

-1

-1

-1

-1

-1

-1

Revenue

0

19

42

56

56

56

56

56

56

56

Cash flow

-14

-14

0

35

35

35

35

35

35

35

Net cash
flow

-14

-28

-27

8

42

77

112

147

182

217

Cash flow
(w/ TVM)

-13

-12

0

25

23

21

19

17

15

14

Net cash
flow
(w/ TVM)

-13

-25

-25

0

23

43

62

79

94

108

*Equipment costs are calculated using a Lang Factor of 7
10% discount rate and 35% tax rate are assumed.
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Table 10: NPV Table for the First 10 Years
Year

1

2

3

4

5

6

7

8

9

10

Cash Flow
without TVM

-14

-14

0

35

35

35

35

35

35

35

With TVM

-13

-12

0

25

23

21

19

17

15

14

Present Value
w/o TVM
-12

-12

0

24

22

20

18

16

15

13

Present Value
w/ TVM
-12

-10

0

17

14

12

10

8

6

5

NPV w/o TVM -12

-24

-24

0

22

42

59

76

91

104

NPV w/ TVM

-22

-22

-5

9

21

30

38

45

50

-12
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Appendix D: cAMP Pathway

Figure 10: cAMP Pathway. This shows the relevant steps in the cAMP pathway, from cAMP synthesis
due to AC and ATP, to CRP binding and the formation of a transcription factor, to DNA binding, to the
expression of catabolic genes that increase the rate at which cheese is aged.
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Appendix E: Manufacturing

Figure 11: Manufacturing Block Diagram of CheeseAge. This figure shows the overall manufacturing
process for CheeseAge. It includes genetic engineering of the bacteria, the culturing and growth process,
and the packaging process.
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