
Undergraduate Thesis Prospectus

Nutritional Protein: A Sesame Seed Based Meat Alternative
(technical research project in Chemical Engineering)

The Struggle Over Diet Trends and Women’s Nutrition in the United States
(sociotechnical research project)

by

Avery Baker

October 27, 2023

technical project collaborators:

Brett Hogan
Tayler Newton
Isabelle Sowers

On my honor as a University student, I have neither given nor received unauthorized aid
on this assignment as defined by the Honor Guidelines for Thesis-Related Assignments

Avery Baker

Technical advisor: Eric Anderson, Department of Chemical Engineering

STS advisor: Peter Norton, Department of Engineering and Society



General research problem

How can healthy, sustainable diets be encouraged?

Compared to countries of similar income, the United States has a higher mortality rate

and poorer overall health (Woolf and Aron, 2013). The top 10 worst health areas of the U.S.

include obesity, diabetes and heart disease, which are all associated with poor nutrition. One

solution is dieting to lose weight, but this has a high failure rate due to increased stress

(Pankevich et al., 2010). High cost and low accessibility to healthy foods add to poor nutrition

(Seguin et al., 2014). Understanding how people interact with diet trends and limitations to

nutrition are key to lowering obesity and mortality rates in the U.S..

Nutritional Protein: A Sesame Seed Based Meat Alternative

What is the optimum design of a plant to manufacture an alternative meat product that is

sustainable and economically viable?

As the population continues to grow, the market for meat alternatives has simultaneously

increased in recent years with products derived from soy in high demand. There have also been

concerns with the environmental impacts of the meat industry, pushing people to try more

sustainable diet options (Gerbens-Leenes et al., 2013). Consumer priorities in this industry focus

on flavor and texture, so priority will be given to the molecular composition resembling animal

tissue (Ignaszewski & Pierce, 2023). Industry projections within this commercial space are

optimistic, as the plant-based chicken market alone is projected to grow 18.4% in the next 10

years (Choudhury, 2023). Since the market is heavily soy-based, the proposed alternative protein

source can be derived through extraction of sesame seed media (Krosofsky, 2023). Although

sesame and soy are now both major food allergens in the US (Califf, 2023) there are limited meat



alternatives that are not soy-based, restricting options for people with plant-based diets and a soy

allergy. This process has the additional benefit of generating toasted sesame seed oil, a high

value product compared to similar oils such as soybean oil.

The process can be split into four main blocks: seed oil extraction, seed cake

fermentation and lactic acid separation, yeast extract processing, and mixing to create the end

protein product (Figure 1). This vertical integration of processes allows for development of a

unique fermentation media and maximization of production value. The primary source of profit

in this case will most likely stem from the oil extraction process, but innovation of the

fermentation of the oil byproduct will result in a protein source that can be used to generate a

protein dense food to meet market demands sustainably.

To begin the solvent based extraction of oil from sesame seeds, the seeds must first be

toasted. This pretreatment not only improves the oil yield and shelf life but also enhances the

flavor and aroma of the oil. The seeds are ground to release the oil before mechanical pressing

and solvent based extraction (ABC Machinery, n.d.). The majority of experimentation suggests

n-hexane as the ideal solvent for oil extraction as it produces the highest yield (Osman et al.,

2019). Choosing hexane prevents byproduct formation and simplifies purification. However, the

high cost and toxicity of hexane will require a solvent recovery mechanism, most likely through

evaporative processes. Both regression models and neural networks exist for prediction of

extraction rates, and a method will be chosen that aligns with the precision required for

determining average yield. Common yield levels are roughly half of the dried mass of the seeds

(Mujtaba et al., 2020).

The leftover seed cake will be used in the protein product, but must undergo additional

processing to improve flavor and digestibility. Experiments have shown that Lactobacillus



plantarum, a fermentable bacterium typically found in milk and other fermented food products,

can be cultured in seed cake at reasonable timeframes (12-24hrs) (Khalfallah et al., 2022). The

results of said fermentation greatly reduce fiber and sugar content, while only resulting in small

protein losses in the medium. This is a means of concentrating flavor and nutritional value to

produce a higher value added product.

Following the fermentation, downstream processing is needed to reduce the lactic acid

produced, and further improve the consumer experience. A study in consumer reactions to

chicken preservation techniques found that the upper limit of consumer preference of lactic acid

concentration in chicken products is 1 g/L. (Van de Marel et al., 1989). The expected lactic acid

output from fermentation is roughly 6 g/L so an extraction will be needed to reduce this value

(Khalfallah et al., 2022). A summary of lactic acid retrieval methods recommended an extraction

as the most scalable option (Li et al., 2021). Optimization of this procedure involves low pH

which will coagulate most of the protein (80%) and a centrifuge operation before extraction with

butanol (Kumar et al., 2020). Lactic acid is a feedstock for PLA production, and so the extracted

lactic acid could be sold as a side product. The polar components of the supernatant are likely to

be disposed of as a waste stream due to butanol contamination.

To enhance the flavor of the protein product, yeast extract will be added to the fermented

sesame product to enhance the savory or “umami” flavor more similar to traditional meats

(Tomé, 2021). To create yeast extract, brewer’s yeast or Saccharomyces cerevisiae, a byproduct

of beer fermentation, is used as the initial source of yeast. This yeast is subjected to a

fermentation process with added sugars to increase the number of yeast cells. Once the culture

has reached its desired biomass, the yeast cells are centrifuged to remove the liquid medium.

Subsequently, they undergo disruption and separation to eliminate their cell walls and then the



resulting solution is toasted and concentrated through evaporation (Tao et al., 2023). In this

particular method, sugar cane molasses serves as the carbon source for the yeast, while urea is

introduced as the nitrogen source to promote yeast growth (Polyorach et al., 2013).

Fermented sesame cake and yeast extract from the process will be combined with

methylcellulose and hydrogenated oil produced elsewhere to form a final plant-based meat

product, a chicken simulacrum (Figure 1). Side products from this process include lactic acid and

toasted sesame oil that can be sold to increase profits.

This project will be completed as part of a two-course capstone project, CHE 4474 and

CHE 4476, in a group of 4. The majority of the design work will be completed in CHE 4476.

Process modeling and calculations will be completed using AspenPlus, Excel, and Matlab.

The Struggle Over Diet Trends and Women’s Nutrition in the United States

How have women in the US promoted, resisted, and otherwise responded to diet trends on social

media?

Social media is rife in everyday life and can promote harmful trends. More women than

men use at least one social media site (PRC, 2021). Endless information is available about



nutrition, health, and diets. Access to updated sources may help people improve their lifestyles,

but risks spread of misinformation and increased social comparison. Diet culture online can

cause or trigger eating disorders that can have severe health consequences; 9% of Americans will

have an eating disorder in their lifetime (Harvard SPH, 2021). Brown and Tiggemann (2016)

found that exposure to attractive celebrity and peer images can be harmful to women’s body

image if they engage in upward social comparison. As the internet continues to grow, how are

women responding to diet and lifestyle fads online?

The internet has helped people in rural areas learn more about nutrition and healthy foods

and improved diet quality in adults (Ma & Jin, 2022). Western Australians increasingly used the

internet to find nutrition information from 1995-2012. Females were more likely to search online

sources (Pollard et al., 2015). Research shows that social media may lead to social comparison or

extreme dieting and exercise. Idealized imagery online can cause feelings of inadequacy if these

standards are not met (Lewallen & Behm-Morawitz., 2016). Exposure to brief diet-culture videos

increased eating restrictions and exercise while anti-diet videos increased body appreciation and

intuitive eating (Fiuza and Rodgers, 2023). Body positive images online have also been linked to

more positive moods than diet focused media during the COVID-19 pandemic (Parcell, Jeon, &

Rodgers, 2023). Most diets are ineffective long-term and result in cycles of losing and gaining

weight (White, 2023). Women are highly affected by the nature of online media they are exposed

to. Many studies have focused on body imagery and fitness content, but few have examined

effects of diet trends online.

Two factions of women exist online regarding diet trends: those who promote dieting

(EBF, 2023) and those who resist it (Holcombe, 2023). Other women do not fully oppose dieting,

but believe current trends could be improved upon. One blogger’s philosophy on dieting is to



“...learn to treat your body with kindness and respect instead of punishing it with rigid diets and

deprivation.” (RHN, n.d.). Diet promoters may have external motivations like partnerships with

nutrition companies, or motivations to share their own success stories. Those opposed to diets are

motivated by personal experiences. Licensed dietitians have more education and training in the

field and can provide helpful insight to what works for their clients. Professionals benefit

financially from clients, but may have additional motivations to why they entered the field.

There is a wide variety in types of diets being promoted (Davis, 2023), each with their own

trends and motives.

Many companies sell diet and fitness products/plans, such as Weight Watchers or BODi.

Programs that rely on calorie or fitness tracking are associated with eating disorder symptoms

(Simpson & Mazzeo, 2017). These companies often pay ambassadors or influencers to promote

their products and services (BODi, 2023). There is a clear financial motive for these companies.

The Academy of Nutrition and Dietetics is a trade association that works to promote experts in

the field and improve global nutrition through social media presence. They provide information

about nutrition and fitness online, free to the public (AND, n.d.). Social media companies

provide the space for influencers and companies to promote their values and products. They also

use algorithms to curate content for users and maximize engagement, generating more profits

from advertisers (Kim, 2017). This makes it difficult to escape lifestyle and diet content that

negatively impacts people’s moods.
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