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Abstract

The goal of this project is to create an environment and SQL database that members of Dr.
Borum’s lab can use to interact with what is known as the Foodomics Database. The Foodomics
Database provides detailed nutritional information for thousands of different food products.
Currently, the database is contained in an excel spreadsheet that has been growing for more than
25 years. As a result, the spreadsheet has become excessively large and can take a long time open,
close, and sync. On top of that, the spreadsheet utilizes several convoluted excel formulas which
are susceptible to accidental changes that can cause certain functions to become unusable. Lab
members have also had issues trying to link the various spreadsheets together, which has resulted
in the need to copy the same information into multiple spreadsheets. The system at large has
become increasingly complex over the years, and they have decided that their future plans would
be better served with a relational database rather than the current spreadsheet system.

In order to address these problems, we have created an application based on the python
framework Flask. The application will connect to a PostgreSQL database and allow lab members
to better analyze and manage nutritional data as well as patient data. This project focuses solely
on nutritional data but it provides the foundation for various other functions in the application,
namely the diet prescription and meal equivalent calculators. The application also deals with
restricted data, which means that it must comply with HIPAA laws as well as university policies

regarding research data.
1. Introduction

This report summarizes the development of a software system that will allow Dr. Borum’s
lab team to easily, effectively, and securely manage the Foodomics database. The database has
been tested for robustness and the GUI has been designed in a way that lab members can quickly
learn how to work with it. The software we have developed this semester has laid the groundwork
for major improvements to the way that the Borum Lab will be able to administer their nutritional
intervention for patients, known as Precision Ketogenic Therapy (PKT). The application’s design
could be applied to other database projects that deal with restricted data. It could also allow the lab
to expand the program to other schools or healthcare providers in the future. Figure 1 is a Gantt

chart detailing the tentative schedule for the project.



Activity Duration 2627 02030807080 31415761720 2122232427282930 40508070 213141518192021222526272829 20304050809 215161718

7 days
7 days

Create roadmap for plan 3 days

reate wireframes for U 3 days
e Diagram 4 days
Create Gantt Chart 3 days

for data entry

Tom clinical team

tents of database 3 days

Test datat with real data 7 days _

Develop pi le issues 3 days -

Implement plan to address issues 7 days _

Get more feedback from clinical team 7 days _

Wite Final Report 10 days ]
Demonstr use the foodomics DB 4 days -

Demonstrate that the database is robust 1 day .

Present final project .

Figure 1. Tentative Project Schedule
1.1. Problem Domain

As mentioned above, the current system used by the lab involves Excel data hosted on
SharePoint. This has made it difficult for lab members to perform advanced data analytics, and it
is highly prone to human error. The lab has had issues where members will unknowingly make
changes to a formula and causing functions to break. There have also been many issues with
synchronization since the same information can be found in several places. The main topic of
interest for this project is data science and software engineering. Due to the amount of data that
the lab has accumulated, the solution to use a relational database with PostgreSQL was determined
to be necessary for the future expansion of the PKT program. The relational database will provide
much needed structure to the food and patient data, which will allow deeper and more meaningful
insights to be drawn.

1.2. Literature Overview

Understanding the software side of the program requires working knowledge of SQL
databases, HTML/CSS, Docker, and the python web application framework Flask. Docker is
essential because it allows development to occur outside of ResVault. The Docker reference



documentation is a useful resource for learning how to perform tasks such as building Docker
images. The project also requires a solid grasp on the python programming language in order to
work with Flask. The Flask guide on Tutorialspoint contains a plethora of useful information
regarding how to build a Flask application and how to utilize various functions properly. Creating
the overall look and style of the application requires knowledge of HTML and CSS. The various
“How To” guides on W3Schools are useful to reference for basic styling and layout tools.
Familiarity with SQLAIlchemy is also required since it allows the Flask application to
communicate with the database. The SQLAIchemy documentation contains helpful information
regarding how Flask applications talk to SQL databases. Finally, it is necessary to be familiar with
PostgreSQL since the application utilizes a PostgreSQL database. The PostgreSQL documentation
has an in depth review of the various data types, functions, operators, etc. that are necessary to
create and query the database.

In order to understand the clinical aspect of the application, it is important to review the
various internal documentation regarding proper data entry into the Foodomics Database, namely
the Foodomics SOPs. The Foodomics SOPs describe how to perform a “food run” or “nutrient
run” in which lab members collect information from the nutrition fact labels of various name brand
goods and then enter that data directly into the Foodomics database. They also photograph the
front of the items, control numbers, prices, manufacturers, and package sizes. It is crucial that data
entry is done properly in order to ensure the integrity of the database, and therefore it is critical
that lab members review the Foodomics SOPs thoroughly before entering data. These documents

are located in the lab’s Microsoft Teams/SharePoint files.
2. Technical Approach (Solution)

In order to better serve the complexity of the lab’s research in the future, it was first
determined that a relational database would be better suited for the task than the current flat
spreadsheet system. In the last year, lab members established a relational database to accommodate
the output data of their patients. However, a relational database had not yet been established for
the input side of the data, which includes the Foodomics Database. Therefore, the first step of the
modelling process was to create an ER diagram for the contents of the nutrition facts database.

Selecting the proper data types to represent the various columns of the Foodomics Database and



determining the relationships it has with the other aspects of the application was a critical part of

the design process. The ER diagram for the foodomics database is a single entity that has a one-

to-many relationship with the diet prescription and meal equivalent calculator, which are two

major tools that the lab uses to administer PKT. The actual ER diagram will be omitted from the

report due to its size, but it provides relatively complete molecular compound information for the

various food products. The columns are currently 1:1 with the current spreadsheet database, which

is required for exporting the spreadsheet data into PostgreSQL.

Next in the modelling process was to create wireframes for the user interface. These

wireframes represent what lab members would see once they have navigated to the Foodomics

section of the application. Figures 2 and 3 are wireframes for the new data entry page and the page

for viewing the database itself, respectively.
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Figure 3: Viewing the database



The final step in the modelling process was to create a flowchart to demonstrate the steps
that a lab member would take to get to the Foodomics Database. Figure 4 is the flow chart for

navigating the application, which begins with logging in to ResVault.
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Figure 4: Application flow chart

Once the modelling phase of development was completed, it was time to begin
programming. The first part of the programming process was establishing the new database. This
involved several steps, beginning with creating the SQL table for the nutrition facts database. Once
the SQL table was complete, the next component was to create a “map” from python to the new
PostgreSQL database using SQLAIchemy so that the application and database can communicate.
After the database was established, it was time to develop the interfaces for entering new products
and viewing/editing the contents of the database. Several columns in the foodomics database are
calculated based on other columns, and these calculations utilize excel-style formulas. These

calculated columns required equivalent formulas to be developed in python.

A key aspect of our design approach is centered on data security. Since the PKT software
deals with restricted research data, it must comply with HIPAA laws and university policy
regarding research data. As such, we will deploy the application using UF’s ResVault.
ReseachVault (ResVault) is a secure computing environment that allows for research to be

conducted on restricted data, specifically projects requiring compliance with NIST 800-171 and



NIST 800-53 standards. ResVault works as a browser application that is used to access files in a
"Vault" and virtual machines that are "air-gapped” or disconnected from outside networks. The
software in this repository is hosted with a virtual machine, which includes a Postgres Database,
and two applications that run on python frameworks, Flask and Streamlit. ResVault also provides
drives that plug in to the VM. Figure 5 is a diagram of what this system looks like.
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Figure 5: ResVault browser application diagram

Because the VM does not have internet access, it comes stripped of software and
developers cannot install necessary packages on it directly. To allow development outside of
ResVault, we use Docker. Any development that is done outside of ResVault can be packaged into
Docker images, uploaded to ResVault, and used to spin up Docker containers that host the

applications in a Docker network.



3. Results

The software has shown to be robust when tested with real world data. When testing the
new application with known input values from previous nutrient runs, the application has produced
calculated output values that match those of the old system. Early results have been promising, but
the system should still undergo more thorough testing to ensure that there are no edge cases which

could potentially create conflicts or errors in the program and its functions.
4. Technical Challenges and Solutions

One expected difficulty going into the project process was a lack of experience with full
stack development. When working with an unfamiliar framework, it is important to utilize the
numerous resources that are available online. The references below, which were discussed in the
literature overview, provided the information required to build a firm understanding of how the

application works and how it was created.

Another challenge that new members of the lab can face is unfamiliarity with food science
and the processes involved with data collection. As mentioned in the literature overview, it is
critical for lab members to perform the data entry process properly. The best way to do this is to

perform a “food run” or “nutrient run” of your own after reviewing the Foodomics SOPs.
5. Concluding Remarks

In closing, this report has established the technical approach and system design for a Flask
application that can interact with the new relational Foodomics Database in PostgreSQL. From
drawing wireframes and flowcharts to creating databases and the forms that interact with them,
this project has been a crash course on full stack development and data science. An experience like

this is invaluable for aspiring software engineers.

This project is the beginning of a long term goal of the Borum Lab to have a free and open
foodomics database for anyone to access. The database is constantly updated as items are always
changing. One major area of improvement would be to implement a better system for determining
which food products need a nutrient run or audit the most. There are also still columns that could

potentially be removed from the database which are no longer required for data analysis.
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