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EXECUTIVE SUMMARY

Open a bag of conventional dog food and you’ve uncovered a global dilemma.

Pet food has become big business, bringing with it bigger problems. Pet food recalls have 

risen dramatically over the past decade, revealing serious problems with manufacturing, 

contamination, ingredient sourcing and even the presence of euthanasia drugs. Ethicists 

and environmentalists are concerned about the impact that the world’s pet food industry 

has on the environment, livestock and the economy. Veterinarians worry that highly-

processed pet foods are lacking essential nutrients and high-carbohydrate formulations are 

fueling disease. Pet owners complain that feeding their pet is becoming more expensive, 

forcing them to select inferior foods that sacrifice quality and safety. We’re pet lovers, 

veterinarians, and food scientists who shared these fears and realize there has to be a better 

way to feed our dogs.

Our Quest:

“Create the best tasting, most nutritious and safest dog food possible.”



We started by critiquing the conventional notions of what you should feed a dog. We 

examined the historical protein sources of beef, poultry and pork and found them 

contaminated, costly, controversial and unsustainable. We concluded that whole food 

nutritional sources were superior to highly-processed, chemically-altered and synthesized 

ingredients. 

Next, we explored the pet food manufacturing process. We determined that pet food made 

in enormous facilities with aging technology was severely unsafe, failed to preserve viable 

nutrients, and was highly inefficient. 

Finally, we examined pet food’s impact on the environment. Recent research indicates pet 

foods are responsible for 25 to 30 percent of the environmental impact of the meat industry 

in the United States, polluting water, soil and air. We knew we could do better.

Our search for better dog food led to thinking outside the animal and plant kingdoms. We 

focused on one of the earliest and most diverse forms of life: fungi. Humans have been 

cultivating and consuming fungi for thousands of years. Yet, no one had thought about 

using it as a protein source! After evaluating numerous species and strains we discovered 

one of the tastiest, most nutritious and safest food sources imaginable: Aspergillus oryzae 

— the ancient Asian koji. Billions of people worldwide enjoy koji daily, in dishes as diverse as 

soy sauce, miso, sake and bean paste. We also found that koji makes an excellent dog food.

This is the story of koji and how it helps solve the current global pet food dilemma. Wild 

Earth started with the mission to transform the future of dog food.We’ve made significant 

proprietary technological advancements allowing us to grow koji safely and efficiently and 

optimize it nutritionally for dogs. We’ve taken an ancient food and created a modern protein 

to help heal the future of food for pets and people.  We are dedicated to improving your 

pet’s health, while positively impacting climate change, conserving natural resources and 

respecting animal welfare.



THE RISE OF KOJI

Sometimes the best science for the future is science from the past. And sometimes the 

most significant breakthroughs are hidden in plain sight. When we started searching for pro-

tein alternatives, we asked ourselves a simple question: Does a better protein source already 

exist? It did — and it was more obvious and common than we’d imagined.

A BRIEF HISTORY OF KOJI

KOJI CREATES FLAVOR

Fungi are one of the most abundant life forms on the planet. There are an estimated two to 

three million unique species inhabiting every ecosystem and environment, and thousands 

are edible. Humans began harnessing the power of fungi by harvesting edible mushrooms 

and truffles, fermenting grains and transforming breads with yeasts. The Japanese 

discovered that when the fungus Aspergillus oryzae was added to barley, rice or soybeans, 

it enhanced the flavor. Over thousands of years of farming, the Japanese perfected the 

process of using koji, eventually elevating it to a culinary art form.

Koji is prized for its flavor-enhancing properties. It is used to create the savory umami 

flavor in a multitude of foods. including soy sauce, saké, bean paste and miso. Umami is 

sometimes referred to as the “yummy” or “savory” taste.  Although long-suspected, it was 

only recently that scientists validated umami as the fifth basic flavor, along with sweet, salty, 

sour and bitter. Umami taste receptors were first noted in humans in 1908, when scientists 

discovered that they were uniquely triggered by glutamate amino acids — especially 

monosodium glutamate (MSG). (1). Scientists think this particular taste preference evolved 

to help animals detect and desire the presence of essential proteins in food. In fact, MRI 

imaging has shown that—next to humans—dogs have the most developed umami tastes. 

Dogs are even used as a substitute for human subjects in umami flavor tests (2).

SUSTAINABLE PET FOOD FOR THE FUTURE

Although many Westerners would 

struggle to recognize umami as an 

individual flavor, it is actually the 

dominant flavor of a multitude of 

common foods such as mushrooms, 

meat broths and parmesan. Culinary 

experts agree that Asian cuisine has the 

most refined umami flavors; and the 

most prominent umami “spice” in Asia is 

actually a live, nutritious mold—koji.



A FEW EXAMPLES OF KOJI FOODS

BEAN PASTE in China, Japan and Korea is a koji-fermented addition used to give intense 

umami flavor to soups, sauces and modern fusion cuisine. 

SOYBEANS are a natural plant protein but they contain compounds that inhibit protein 

digestion for humans and dogs. Koji has been used for centuries to help ferment soybeans, 

breaking down their compounds into a digestible form.

MISO is most familiar to Westerners as the ubiquitous sushi appetizer, miso soup. But 

miso is actually a thousand-year-old fermented condiment, widely considered a staple of 

Japanese cuisine. Miso is created from koji grown on rice and soybeans.

MEAT is more tender and tastes better when enhanced with koji. In fact, koji can even 

recreate dry-aging, reducing the time for a delicious aged steak from 45 days to 48 hours.

RICE WINES wouldn’t be possible without koji cultivation. It is considered the most crucial 

part of saké, an important part of Asian culture. To create rice alcohol or saké, rice starch 

must be converted into simple sugars to be fermented. Unlike barley, for example, which 

has enzymes that can convert itself into fermentable sugars, rice requires an additional 

enzyme for fermentation. To make saké, yellow koji-kin is grown evenly over steamed rice 

in a hot, humid room for two to three days until the rice looks like it is covered by a delicate 

white frost (koji) and develops a noticeably sweet chestnut-like aroma.

FLAVORANT when koji is fermented with salt and water for about 10 days, it creates shio 

koji, a porridge-like slurry which is used to flavor dishes as a dressing, pickling medium or 

marinade. The enzymes and other bioactivity of fermentation create the rich flavors that 

make these foods so desirable.

HEALTH BENEFITS OF FERMENTED KOJI

In humans, koji is valued for its health benefits. It produces enzymes such as amylase that 

aid in digesting many foods (3). Koji contains antioxidants; in particular, derivatives of ferulic 

acid, known for its effects against cancer, diabetes, heart and nerve diseases (4) and it’s 

associated with longevity (5–7). Koji has safely been used to enhance human nutrition for 

centuries. Modern scientists have confirmed this through rigorous testing (8, 9).

The koji fermentation process also extracts nutrients in foods that neither humans nor dogs 

would otherwise be able to digest. Koji-fermented foods, including miso, even contain 

vitamin B12, an essential nutrient often lacking in a meat-free diet (10). 



Glycosylceramide from koji-fermented rice has also been associated with decrease in 

some cancers, improved skin function and reduced bowel inflammation in humans (6).

Diets containing 5 and 10 percent koji attenuated acute colitis in rats. The 10 percent 

koji diet showed additional evidence of decreased neutrophil infiltration in the colonic 

mucosa (13). 

Koji-fermented rice also reduced body fat, weight gain and blood-glucose levels in 

obese mice (14).

When rice is fermented with koji, it releases the antioxidant ferulic acid, which increases 

the longer it is fermented (11)

Aspergillus oryzae does not generate aflatoxin, making it safer than comparable grain 

fermentation processes (15). 

The extract of koji-fermented brown rice decreased diarrhea when fed to laboratory 

mice in an oral solution (16).

Fermented foods and fungi have long been known as nutritious. In addition to breaking 

down ingredients to aid digestibility, fungi and fermentation also produce healthy nutrients 

associated with longevity.(11) This is likely because they encourage the growth of healthy 

gut microbes called the “microbiome.” The human and canine microbiome is a fertile topic 

in nutritional research. There is mounting evidence that diet influences the microbiome 

composition and promotes gut health and disease prevention (12).  

To maintain gut health, the “good bacteria” need to be fed. “Prebiotics” are foods that 

nourish beneficial gut microbiota. There is consistent evidence that koji functions 

as a prebiotic for the beneficial gut microbe Blautia coccoides via the release of 

glycosylceramide (6). Koji is found in many over-the-counter probiotic formulations today.

Other evidence-based health effects of koji include:

KOJI AS A WHOLE FOOD PROTEIN

Not only does koji taste great and provide health benefits, it also contains all 10 essential 

amino acids dogs require. Nature has created a unique whole food containing essential 

nutrients for humans and dogs. Koji is considered a “clean protein,” meaning no animals are 

harmed and the environmental impact is much less than conventional agriculture or meat 

production.



TABLE 4: Nutrient analysis of Aspergillus and Rhizopus biomass

Aspergillus

Fungi such as koji are an ideal food source for many reasons. Fungi contain essential 

micronutrients. They can synthesize protein out of simple sugars and nitrogen to create a 

near-total amino acid profile. With koji, food scientists have inherited an extensively time-

tested alternative protein as an estimated one billion people eat koji every year.

Laboratory analysis reveals koji’s potential as a complete food source. When cultivated with 

modern bioreactor methods, it is transformed into an economical and scalable protein 

source. Unlike protein found in soybeans or grains, koji needs minimal supplementation to 

deliver a complete amino acid profile.

Human Koji Nutritional Analysis

Nutrient Parameter

Crude protein (N x 6.25) % 45.7 ± 4.4

Fat (N/C) % 1.9 ± 0.6

Total dietary fibre % 16.2 ± 1.2

Available detergent fibre (N/C) % 5.5 ± 0.7

Metabolize energy (poultry) MJ/kg 16.1 ± 1.6

Metabolize energy rum (dry) MJ/kg 19.3 ± 3.1

Ash % 6.4 ± 0.6

Moisture (N/C) % 8.4 ± 1.1

Available CHO % 2.4 ± 0.3

Total CHO % 24.3 ± 3.2

In vitro digestibility % 82.54 ± 7.84

Calcium % 0.18 ± 0.06

Phosphorus % 1.59 ± 0.64

Sodium % 0.42 ± 0.06

Zinc ppm 50.0 ± 6.0

Potassium % 1.40 ± 0.30

Unit

*Reference: Advances in Environmental Research 6 (2002) 179-189

In many ways, koji is incredibly “meat-like.” The final product can be textured to simulate the 

chewiness and fiber of meat, the savory flavor is rich and satisfying, and dogs find it highly 

palatable. It was a dog’s preference for koji that ultimately guided us to choose koji as our 

dog food protein source.  



KOJI FOR DOGS
In addition to being a complete protein source for dogs, it may also serve as an affordable 

protein alternative for dogs with common allergies such as beef, lamb, chicken, egg, dairy 

products, soy, wheat and corn. (17, 18). Currently, experts estimate that one per cent of the 

human population is allergic to wheat products, possibly related to the increased use of 

genetically modified grains (19). Dogs are more prone to allergies in proteins such as beef, 

chicken and wheat and often need hypoallergenic pet food. Novel protein sources such as 

kangaroo, alligator, and duck are neither sustainable nor cost-effective.

The koji we are using is an Association of American Feed Control Officials (AAFCO) 

approved pet food ingredient: 36.11 (IFN 5-06-152: Dried Aspergillus oryzae Fermentation 

Product) and, through decades of study and use, is classified as Generally Recognized 

as Safe (GRAS) by the U.S. Food & Drug Administration (FDA).The AAFCO definition was 

proposed in 1976, adopted in 1983, amended in 1997, 1999 and 2001, adopted again in 

2003, and amended again in 2010 and 2014. 

For pet owners, koji delivers:

1 2
3 4

Up to 49 percent protein by weight 

(steak, by comparison, is only 24 percent)

A more complete amino acid profile 

than other alternative proteins

A highly palatable whole 

food protein source

An inexpensive, highly 

nutritious food source



ESSENTIAL AMINO ACID RATIOS

AAFCO Growth & Re-
production Minimum

(% dry weight)
Essential Amino Acid

Arginine (R) 2.7 1.0

Histidine (H) 1.0 0.44

Isoleucine (I) 1.8 0.71

Leucine (L) 3.0 1.29

Lysine (K) 2.9 0.9

Methionine-Cystine (M-C) 1.0 0.7

Phenylalanine-Tyrosine (F-Y) 3.2 1.3

Threonine (T) 1.3 1.04

Tryptophan (W) 0.5 0.2

Valine (V) 2.3 0.68

Wild Earth’s Koji 
(% dry weight)

WILD EARTH KOJI PRELIMINARY NUTRIENT PROFILE

Crude Protein 49.0

Crude Fiber 40.1

Crude Fat 5.34

Monounsaturated Fat 1.28

Saturated Fat 1.58

Polyunsaturated Fat 2.45

Omega-3 0.09

Omega-6 2.35

Omega-9 1.20

% dry weight

Our initial analysis of palatability and digestibility indicates that koji meets all current safety 

and nutritional requirements for dogs. 

*Preliminary nutrient analysis of the Wild Earth Koji amino acid profile



EXCELLENT DIGESTIBILITY PROFILE

Koji biomass degrades very rapidly in simulated canine gastric and intestinal juices.

Digestibility in simulated canine gastric juices

Koji biomass – 86.1% within 2 hours, excellent digestibility 

Digestibility in simulated canine intestinal juices

Koji biomass – 77.6% after 2 hours, excellent digestibility
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WHY WE NEED NEW PROTEINS FOR PETS

While it’s true dogs are good for human health, what we feed them is hurting our planet. 

Dogs have been shown to contribute to a longer, healthier life for humans. The medical 

literature shows that people with a dog live longer, have better health and experience less 

stress. Modern owners view their pets with affection and respect. In an American Veterinary 

Medical Association (AVMA) survey, six out of 10 pet-owners considered them family.

We often show we love our dogs with food and treats, creating big business for pet food 

manufacturers. In 2017, roughly 60.2 million US households reported owning a dog—an 

estimated 89.7 million dogs overall. Americans spent $4.3 billion on pet treats in 2017, 

growing roughly 29 percent per year from 2012 to 2017 (Mintel 2017), or nearly three times 

the growth of pet food.  In 2018, the US pet industry was valued at roughly $72 billion, with 

$29 billion spent on pet food. 

The magnitude of the pet food and pet treat industries is taking its toll on the environment 

and resources. Dogs have become so numerous that the pet food industry represents a 

significant consumer of animal proteins on the planet. A 2017 study from UCLA estimated 

that dog- and cat-food consumption was responsible for 64 million tons of carbon dioxide 

per year released into the environment (20). It is now estimated that pets eat 30 percent 

of all meat in the United States, making them equivalent to the fifth largest country in the 

world in terms of meat consumption (20).

As global meat and poultry demand and costs soar, pet foods have turned to corn and 

wheat as an energy source in dog food. These ingredients have been recently criticized as 

nutritionally inferior to other ingredients and the increased carbohydrate content linked to 

pet obesity. In a 2017 study, 56 percent of pet dogs in the US were found to be obese. A 

major contributor is believed to be overfeeding dogs a calorically dense, high-carb diet.



INCREASING PET FOOD SAFETY CONCERNS

It’s not just what goes into pet food, but what creeps out that poses a danger to pets. In 

addition to concerns over which ingredients go in pet food, there are contaminants and 

toxins that may contaminate them during the manufacturing process.

The popular website Dogfoodadvisor.com has reported over 183 dog-food recalls since 

2009. Major recalls include those related to pharmaceutical and bacterial contaminants 

of meat sources.

In March 2018, the FDA confirmed that J.M. Smucker had recalled 107 million cans of 

dog food contaminated with the veterinary euthanasia drug pentobarbital.

In March 2018, Advance Dermocare dry dog food, produced by Mars Petcare, was 

recalled after a number of dogs (over 74 documented cases) had eaten the food and 

contracted fatal megaesophagus.

In April 2018, the FDA withdrew three raw dog foods from the market based on finding 

Salmonella bacteria contamination in a shared production facility.

Dog food that is sterilized, overly processed, carbohydrate-based or full of antibiotics 

have been associated with dysbiosis or disruption of healthy gut microbes in dogs.



MAKING KOJI FOR DOGS

Wild Earth Koji is grown on-site in fermentation stacks. This means reduced cost and 

environmental footprint compared to conventional pet food proteins. Furthermore, koji 

consumes simple sugars and creates minimal waste with an even smaller ecological 

footprint per pound of protein.

Wild Earth’s proprietary process for growing koji uses safe, all-natural, food-grade strains. 

Using food-sourced strains combined with advanced fermentation science, Wild Earth 

creates koji cells with a flavor and texture dogs find highly palatable.

Wild Earth koji cultivation is done in batches under carefully controlled growth conditions, 

monitoring temperature, pH and oxygen levels. This process produces the desired 

enzymatic protein content, carbohydrate content and texture needed for dog food 

formulations. Our koji protein production platform is based on molecular engineering, 

which enables a range of results depending on the setting of specific conditions, controls 

and inputs. 



KOJI: STEP-BY-STEP

RICE WATER KOJI

INGREDIENTS

NITROGEN

SUGARS

FRESH PRODUCE OIL KOJI CAKES

STEP 1: We source koji 
from natural foods

STEP 2: Koji —a live fungal strain—
is grown in a fermentation tank.

With zero-waste accumulation, every cell 
receives nutrition to grow and duplicate.

The fermenter delivers simple sugars,
nitrogen and oxygen, and maintains the
optimum pH and temperature to create a
continuous, exponential growth curve.

STEP 3: After maximum growth 
is achieved, the koji mass is 
harvested by filtration, and dried.

STEP 4: The koji is blended 
with high quality ingredients 
to create final product.

STEP 5: The final product 
is ready for dogs to enjoy.



FEEDING THE FUTURE

How do you feed nine billion humans and three billion companion animals? Current food 

production practices aren’t safe enough, sustainable or adequately scalable to meet the 

needs of the next 30 years. We’re rapidly running out of available land to raise livestock, 

polluting drinking water and air with farming wastes and crippling economic growth and 

prosperity as global working classes struggle to feed their families. In addition, intensive 

farming practices have led to immeasurable suffering of tens of billions of food animals, 

and challenged our ethics and morals. As self-ordained custodians of the planet and all that 

inhabit it, we’re failing miserably.

To feed nine billion people and three billion pets, we’re going to need new ways of making 

food. That’s exactly what we’re doing at Wild Earth with koji.

New ways of making food means revisiting ancient practices and ingredients. By examining 

molecular building blocks of amino acids, carbohydrates and fats, and imagining new 

flavors and textures, we are developing a modern relationship with food and culture. 

We’ve embarked on a journey that began in ancient Asia over 2,500 years ago, sparked a 

movement, and found its way to your pet’s dinner bowl.

We’ve set aside ingredient bias and embraced the forgotten, displaced and abandoned 

elements of food production in an effort to discover the answer to feeding not only our 

planet’s inhabitants, but inventing renewable food sources for future space exploration and 

colonization.

By combining ancient proteins with modern science, we’re poised to transform animal food 

to make it healthier and help preserve the planet.



ABOUT WILD EARTH

Wild Earth is a biotech startup developing clean high-protein pet foods that are healthier, 

better for the environment, and more humane than conventional products. Our first 

product is a dog treat made with Koji, a fungi enjoyed by billions of people around the 

world that is eco-friendly and renewably sourced.

Our company and vision is driven by pioneers in cellular agriculture led by chief science 

officer Ron Shigeta, Ph.D., an experienced business team led by chief executive officer 

Ryan Bethencourt, and Dr. Ernie Ward, known as “America’s Pet Advocate.”

Our investors include Felicis Ventures, Blue Horizon, Mars Petcare, VegInvest, Social Impact 

Capital, Macro Ventures, Stray Dog Capital, Michelson Found Animals Foundation, 

Founders Fund, and Thiel Capital. For more information visit www.wildearthpets.com.
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