




1. Idaho Public Institution: Boise State University 
2. Project Title: Valorizing Potato Juice and Oat Pulp to Food Ingredients 
3. Name and Institution of PI: Owen M. McDougal and Boise State University 
4. Total Amount Requests: $980,800 (Yr. 1: $337,000; Yr. 2: $372,800; Yr. 3: $271,000) 
5. Significance of Project and Project Objectives 

Summary 
The purpose of this proposal is to upcycle potato and oat byproducts into higher value consumer 
ingredients and food products. We propose to create a new business operation in Glenns Ferry, 
ID, where we will convert low value (i.e., below-grade, undersized, bruised, surplus, etc.) potatoes 
into starch and protein for consumer products. We will generate revenue from sales of food-grade 
potato starch and protein ingredients. Boise State University (BSU) will develop an innovative, 
proprietary method to employ pulsed electric field (PEF) technology to maximize the recovery of 
potato starch, protein, and fiber. Idaho Potato Products (IPP) is a seed stage startup company 
that will serve as our primary business partner to convert potatoes into ingredients for B2B2C 
sales, and new product development of potato protein containing beverages and alternative meat 
products for B2C sales. IPP will use the potato protein as an ingredient in their potato beverage, 
Papa Latte. We will also recover pulp from Chobani’s oat milk processing, and combine it with 
potato protein through twin screw extrusion, to convert low value animal feed into high value 
human food. The upcycling of surplus potatoes and oat pulp co-product into ingredients and 
consumer products will utilize millions of pounds of waste, provide cost savings for upstream 
processors, and generate $4M/yr. in new revenue for Idaho through the advancement of IPP into 
business expansion stage by production scale annual processing of 16M lbs. of potatoes into 5M 
lbs. of starch and 1M lbs. of protein ingredients, creating 21 new jobs by 06/2028. 
Objectives 
(1) Establish a new potato starch and protein operation in Glenns Ferry, Idaho (B2B2C) 
(2) Commercialize potato starch and protein ingredients for use in consumer products (B2B2C) 
(3) Generate consumer products containing potato ingredients through IPP (B2C) 
Significance and Viability 
Potato Background: Idaho produces more potatoes than any other state in the country, with 
135M cwt (where M = million and cwt = hundredweight) produced in 2024. These potatoes are 
processed into frozen, refrigerated, and dehydrated products, in addition to potato chips and 
French fries. During the COVID-19 pandemic, potato starch became popular as a coating for 
French fries to retain crispiness after frying.1 This attribute of potato starch was particularly 
advantageous for takeout food businesses to maintain fry quality, texture, and crispiness during 
transportation. The Stealth Fry product has a potato starch coating that keeps fries hotter and 
crispier for more than twice as long as traditional fries. Potato starch is used as a thickener, 
coating, and ingredient in batters for food products including fried chicken, onion rings, fish, etc. 
Ingredion is an $8B/yr. company in net sales that is the largest supplier of United States (US) 
made specialty potato starches; one of their five US potato plants is in Idaho Falls. Ingredion sells 
on the order of 150M lbs. of potato starch in the US each year, of which 40-42M lbs. comes from 
Idaho. They seek to increase domestically sourced potato starch by an additional 50M lbs. over 
the next 5-yrs. Idaho is well-positioned for growth in the potato starch ingredient market. The 
conversion of low-grade, small-sized, cull, and surplus potatoes into starch is a viable revenue 
stream for growers and processors. The side-stream of potato starch production is a juice that 
contains potato protein. This protein has a high biological value (BV), that is comparable to eggs, 



which means the protein is incorporated into muscles in the human body readily through diet.2 
Furthermore, potato protein contains all essential amino acids and is high in branched-chain 
amino acids, comparable to whey protein, as an ingredient for sports nutrition and exercise 
recovery products.3 The protein digestibility-corrected amino acid score (PDCAAS) for potato 
protein is 0.92-1.00, which is comparable to soy and pea protein. In 2023, Glanbia Nutritionals’ 
made $3.6B, and income from Glanbia PLC was $5.4B. Glanbia and Ingredion are market leaders 
with customer demand for the potato protein ingredient we propose to supply. Discussions 
between PI McDougal, Gillette of IPP, Nichols and Wu of Ingredion, and Ward of Glanbia 
Nutritionals have generated interest for IPP produced starch and protein ingredient outlets in 
Idaho to meet growing consumer demand. 
Problem 1 – Potato Juice: Due to low concentration and complex separation methods required 
to recover potato protein, this valuable byproduct of potato processing is often discarded, 
contributing to a substantial waste management expense. We propose to leverage a prior IGEM 
Commerce award that afforded the equipment to separate and recover both starch and protein 
from potatoes grown by Genesis Organics. We will develop an innovative protocol to maximize 
recovery of starch and protein by pre-treatment of potatoes with pulsed electric field technology. 
We will use a refined version of the SiccaDania method to separate starch and fiber, and a 
modification of the protocol proposed by Waglay et al.,4 that uses ammonium sulfate precipitation 
and successive ultra- and nanofiltration steps to maximize protein recovery. The process by which 
we maximize starch and protein recovery is expected to generate intellectual property leading to 
a patent, and results from our preliminary work have been used to calculate a return on investment 
(ROI) for the business plan that is detailed later in this proposal.  
Oat Background: The Chobani Greek yogurt facility in Twin Falls, ID produces a variety of oat 
products including, oat milk, creamer, protein shakes, and others. This single location generates 
on the order of 48 tons/wk. of oat pulp byproduct, which is currently disposed of by the Carne 
Group, a subsidiary of the Gibby Group, for use as low value animal feed.  
Problem 2 – Oat Pulp Waste: Oats are rich in protein, dietary fiber, vitamins and minerals, and 
phytochemicals.5 The byproduct of oat milk is an insoluble pulp with low levels of protein, high 
amounts of β-glucan rich dietary fiber, and phenolic compounds with bioactivity as antioxidants, 
antimicrobials, anti-inflammatory, etc.6 We will upcycle oat pulp by extrusion to make alternative 
meat products with the texture and consistency of pulled pork, shredded chicken, or ground beef.  
Viability of Problems 1&2: Over the past 2-yrs., Ingredion has sought to increase the potato 
starch they obtain from US operations by 50M lbs. by 2030, with a focused interest in Idaho-based 
businesses. In response, members of our team have met with Ingredion and identified a viable 
path to pursue starch using small-sized, low-grade, and surplus potatoes that are discarded by 
our partner Genesis Organics and other Magic Valley, ID growers and processors. McFarland 
and Flores own Genesis Organics, and they are co-owners of IPP with Gillette and Salamanca. 
McFarland will provide the infrastructure, potato washing and sorting equipment, with an 
estimated value of $2M to establish the starch and protein operation in Glenns Ferry, in 
conjunction with the existing fresh pack potato operation run by Genesis Organics. Gillette and 
the other members of IPP will purchase the processing equipment for the conversion of potatoes 
to starch and protein at an estimated in-kind match of $2M. PI McDougal will conduct the research 
essential to efficiently recover protein from the potato juice co-product created during starch 
production, and conduct functional and physical property quality assessment of starch and protein 
ingredients for human grade product valuation in the Food and Dairy Innovation Center (FDIC) at 
BSU. The starch ingredient will be independently evaluated by Wu and Nichols of Ingredion and 
the potato protein ingredient will be assessed for consumer product utilization (i.e., beverages, 
ready-to-mix (RTM) drink powders, bars, and supplements) in collaboration with Ward, Chief 
Innovation Officer, at Glanbia Nutritionals. This is a critical go/no-go step for the project. By 



06/2026, the quality of starch and protein must be deemed consumer grade to warrant further 
investment. Simultaneous to the establishment of starch and protein ingredient production, we 
will obtain oat pulp byproduct from Chobani, through our partnership with Quast, CEO of the Gibby 
Group. PI McDougal will conduct pilot scale production of extruded oat-based alternative meat 
products using a Brabender pilot-scale TWINLAB F 20/40 extruder that belongs to the FDIC at 
BSU. The extruder will be located in the food grade lab at Boise-based Food Physics (FP) to 
optimize the production of extruded oat-based alternative meat products. FP has provided an in-
kind match of $101,000/yr. in office, lab, and warehouse space for this project. The facilities, 
equipment, and know-how are available for this team to process tons of oat pulp and potatoes 
into food ingredients and products within the timeframe of this IGEM HERC award. 

6. Specific Project Plan and Timeline 
The project plan for this 3-yr. IGEM HERC Commercialization track proposal (07/2025 – 06/2028) 
includes two milestones per year, where Milestone 1 is to acquire and set up commercial 
processing equipment in Glenns Ferry, ID; Milestone 2 is to produce potato starch and protein in 
the BSU FDIC for functional and physical property evaluation; Milestone 3 is to provide ingredients 
to Ingredion and Glanbia Nutritionals for evaluation, and conduct oat pulp extrusion trials at FP; 
Milestone 4 is to produce potato starch ingredient for sales to generate revenue, protein 
formulation assessment for consumer products, and operation expansion by IPP; Milestone 5 is 
to commercialize starch and protein ingredients, and perform a ROI assessment; and Milestone 
6 is to market and sell protein containing beverages and extruded oat-based alternative meat 
products to distributors and consumers. Metrics for Success: Yr. 1 – go/no-go = kg quantities of 
consumer quality starch and protein by 06/2026, Yr. 2 – go/no go = generate $250,000 in 
ingredient sales by 06/2027, and Yr. 3 – revenue to reach $4M/yr. by 06/2028. 
Technology Readiness Level (TRL) continuum: The current state of the proposed project is 
between development (Level 6) and deployment (Level 7). The research phase of this project 
(TRL 1-3) was conducted as the focus of a 2023 IGEM Commerce project, “Functional Food 
Ingredient – Potato Protein Concentrate”. PI McDougal partnered with IPP, i.e., McFarland, Flores, 
Gillette, and Salamanca to process potatoes into potato protein for extrusion at Washington State 
University (WSU), which completed the experimental proof of concept (Level 3). Protein ingredient 
and extruded product evaluation for biological value were performed in the FDIC at BSU 
(Technology validation in the lab; Level 4). PI McDougal has secured funds through a National 
Science Foundation grant focused on food and nutrition security, to purchase a Brabender pilot-
scale TWINLAB F 20/40 extruder similar to the one accessed at WSU. The extruder will be housed 
in the food grade lab at FP for use by McDougal’s team to develop the oat-based meat alternative 
products. The potato protein for food product development aligns with the first aim of this proposal, 
which is to establish a starch and protein processing operation in Glenns Ferry, constituting the 
expansion stage for IPP. The processing equipment, including a potato washer, rasper, centrifuge, 
hydrocyclone, vacuum filter, and flash dryer will be obtained by McFarland and IPP for an in-kind 
contribution on the order of $2M, and set up for operation by 06/2026. The potato juice side-
stream of the starch operation will provide a feedstock from which PI McDougal and his team at 
the BSU FDIC will extract and purify potato protein. The starch and protein will be evaluated for 
functional properties, and assessed for compatibility in the formulation of consumer products 
(Level 5). The starch and protein ingredients will be sold at a market value of $0.65/lb. and $9/lb., 
respectively to generate revenue by 06/2027, constituting the TRL development stages from 4 to 
6. Lastly, by the third year of IGEM HERC support, potato protein ingredient will be used in the 
formulation of Papa Latte, and the extruded oat alternative meat products (Level 7). The goal of 
this project is to produce potato starch, potato protein, and new consumer products using 
Idaho grown potatoes that are processed at IPP in Glenns Ferry, ID. Work that has been 
done for TRL 1-3 and 4-6 regarding oat extrusion for consumer products was conducted by FP, 
with their collaborators at the German Institute of Food Technology (a.k.a. DIL) in Quakenbrück 



(Level 6). Salamanca and Gillette have formulated their Papa Latte beverage using potato 
varieties grown by McFarland and Flores (Level 6). Additional consumer product opportunities will 
be explored in partnership with Ward at Glanbia Nutritionals. For a comprehensive list of partner 
organizations, people, their roles, and contributions, see Table 1. 
Table 1. Partnerships, roles, responsibilities, and contributions to support project activities 

Organization Person†/position Role Contribution* 

Boise State Univ. Owen McDougal – FDIC Director 
Caleb Renshaw – PhD student 
Research Scholar – PhD (new) 
BSU Accounting Services 

PI – Science lead 
Student scientist 
Staff scientist  
Accounting 

Resources & personnel 
Ingredient process & assess 
Starch, protein, extrusion 
Manage grant budget 

Genesis 
Organics 

Don McFarland† – Owner 
Manny Flores – Co-owner 

Business partner 
Business operations 

Potato supply, operation infra-
structure, equipment, est. $2M 

Idaho Potato 
Products  

Tom Gillette† – Builder/businessman 
Mauricio Salamanca - Advisor 

Potato starch and 
protein expansion 

$2M for processing equipment 
and industrial extruder 

Food Physics Kalen McKenzie† – GM/owner Extruder 
environment 

$101K/yr. food lab access 

Gibby Group Monte Quast† – CEO Business partner Oat pulp supplier  
Ingredion John Wu – Starch Div. Head NA  

Dustin Nichols† –Mgr. Potato Supply 
Starch and protein 
ingredient evaluation 

Testing to align starch and 
protein to consumer products 

Glanbia Loren Ward† – Chief Innovation 
Officer 

Potato protein 
product evaluation  

Testing of starch, protein and 
fiber for consumer products 

CERES Sara Dorland - Economist Techno-economic 
analysis 

Cost basis assessment of 
operations and profitability 

Studio/Blu Catherine Cantley – Director Sensory evaluation 
by consumer panel 

Ingredient and consumer 
product market fit 

*Contribution of expertise, material support, and in-kind matching funds for this project 
†Signed letter of support in Appendix D 
PROJECT PLAN 
Our project plan includes three steps: (Yr. 1) establish a new potato starch and protein processing 
operation in Glenns Ferry, Idaho, (Yr. 2) commercialize potato starch and protein ingredients for 
use in consumer products, and (Yr. 3) generate consumer products containing potato ingredients 
through IPP. Our metrics for success are: Yr. 1 (milestones 1&2) produce kg quantities of 
consumer grade potato starch and protein ingredient, Yr. 2 (milestones 3&4) generate $250,000 
in revenue from ingredient sales, and Yr. 3 (milestones 5&6) achieve the operational capacity to 
cover production costs (est. $4M/yr.). By Yr. 5, we expect to be running a profitable business with 
annual revenue on the order of $7M/yr. An overview of the steps utilized in the FDIC at BSU for 
the conversion of potatoes to starch and protein is provided in Figure 1, where each piece of 
equipment that is displayed has already been purchased through investment by IGEM HERC and 
IGEM Commerce programs, with the exception of the flash dryer. The goal of this IGEM HERC 
project is to transition from pilot scale research on 100 lbs. of potatoes per batch at BSU to 
industrial scale processing of 2,000 lbs./hr. potatoes for an annual processing capacity of 16M 
lbs./yr., or $4M/yr. revenue at IPP by 06/2028. 
Starch processing – PI McDougal has worked with Nichols at Ingredion over the past 2-yrs., 
using the SiccaDania industrial method for starch recovery, to evaluate Idaho-grown varieties of 
potatoes for starch content. This work has been performed in the BSU FDIC and the equipment, 
infrastructure, and personnel are available for the conversion of 100 lbs./batch of potatoes to 
starch. Gillette of IPP has further discussed the potential to set up a starch processing operation 
to be co-located in Glenns Ferry at the Genesis Organics fresh pack site. The potatoes that will 
be processed into starch will come from McFarland and Flores’ fresh pack operation, and 
neighboring growers and processors that have access to an abundance of surplus potatoes. 



Genesis Organics produces 4M lbs./yr. of deformed, bruised, undersized and surplus potatoes, 
equating to loses on the order of $400,000. Within 3-yrs., IPP will process 16M lbs./yr. of potatoes 
to generate 5M lbs. of starch with a market value of $3.1M, based on a price of $0.65/lb. Interviews 
with Trinity Frozen Foods identified their cost for potato starch at $0.67/lb. providing confidence 
that the $0.65/lb. estimate for starch is reasonable. 
Potato protein upcycling – The byproduct of potato starch processing is potato juice which 
contains protein. The protein will be recovered from potato juice by centrifugation, vacuum 
filtration (125 μm sieve), ammonium sulfate precipitation, and filtration (i.e., ultra- and nano-
filtration) (Figure 1). PI McDougal will evaluate the optimal method to obtain potato protein from 
the juice utilizing the resources available in the FDIC at BSU. Within 3-yrs., IPP will generate 
$864,000/yr. by producing 96,000 lbs. of potato protein ingredient for consumer products at a 
market value on the order of $9/lb., which is competitive with soy, pea, and whey. A comparable 
potato protein is available through AVEBE for $9.27 to $11/lb. Our protein ingredient will be 
evaluated for functional properties (i.e., foaming, emulsification, texture, odor, taste, solubility, etc.) 
in partnership with Ward at Glanbia Nutritionals to determine the best use of the ingredient in 
consumer products (i.e., drinks, RTM, bars, supplements, etc.). 

 
Figure 1. Overview of potato processing in the FDIC at BSU. Batches (100 lbs.) of potatoes are 
converted into starch and protein ingredients to evaluate product quality, process efficiency, 
market value in consumer products, and estimate return on investment for scaleup.  
New product development – The potato protein ingredient will be used in consumer products. 
Salamanca of IPP inspired the formulation of Papa Latte, a potato-based beverage. The challenge 
encountered during product development was a suitable protein to use in the formulation. Pea 
proteins from across the US and Canada were evaluated with less than desirable organoleptic 
properties (i.e., taste, odor, texture, etc.). It is our intent to utilize potato protein in the Idaho-
produced Papa Latte product. In addition, we seek to develop new products from Chobani’s oat 
pulp byproduct that include extruded oat-based meat alternatives. The potato protein will be 
combined with oat pulp and seasonings, as input into a twin-screw extruder to obtain the desired 
product texture for shredded chicken, pulled pork, and ground beef plant-based products. Cantley 
is a Food Scientist that will conduct consumer testing panels, each panel enlists fifty participants 
across the market demographic, to advise refinement and marketability of consumer products. 

7. Potential Economic Impact 



The potato industry in Idaho is internationally renowned for its quality and value. We propose to 
leverage agriculture technologies for food waste mitigation to generate revenue for growers and 
processors from their low grade and surplus potatoes. PI McDougal has leveraged the 
infrastructure, resources, and trusted collaborative relationships derived from the BSU FDIC, to 
assemble representatives from the right companies to drive economic returns for Idaho (see 
Table 1). McFarland and Flores are the principal suppliers of organic potatoes across the Pacific 
Northwest. To amplify economic return and prosperity for Genesis Organics, additional outlets for 
potatoes beyond the fresh pack market are essential. The project we propose will utilize 
infrastructure at the Genesis Organics potato processing facility to set up the IPP starch recovery 
operation. The economics of starch is difficult because the price of dried potato starch to the 
B2B2C market can be as low as $0.65/lb. In order for starch processing to be sustainable in the 
US, high quality protein for human consumption must also be recovered. Potato protein that is 
sold by AVEBE has a market value of $9.27 to $11/lb. The work conducted by graduate student 
Caleb Renshaw in the BSU FDIC has shown that 1 kg of Russet potatoes can yield about 300 g 
of starch and up to 6 g of protein. Table 2 shows the economic breakdown for the ROI from 16M 
lbs. of surplus potatoes based on the results that Renshaw has obtained in the BSU FDIC. Low 
grade and surplus potatoes that are utilized for animal feed, allow the grower or processor to 
recover on the order of $10 per ton. In many instances, these potatoes are discarded as waste.  
Table 2. Economics of IPP starch and protein from 16M lbs. of potatoes by 06/2028. 

Input Quantity  Value Extended Value 

Russet Potato 16M lbs./yr. $10/ton (2,000 lbs.) $80,000/yr. as feed 

Starch 300 g starch/kg potato 
= 136.12 g/lb. 

Market = $0.65/lb. 
4.8M lbs. starch 

$3.1M/yr. 

Protein 6 g protein/kg potato  
= 2.722 g/lb. 

Market = $9.00 per lb. 
96,016 lbs. protein 

$864,144/yr.  

  Total $4M/yr. as food 

The data presented in Table 2 shows that 16M lbs. of surplus and waste potatoes can generate 
on the order of $80,000/yr. if they are sold as animal feed. However, the value of these potatoes 
when upcycled into consumer grade starch and protein ingredients will gross nearly $4M/yr. The 
goal of this project is for IPP to create a processing operation that converts 2,000 lbs./hr. of 
potatoes, or 16M lbs./yr. into starch and protein ingredients. The IPP starch and protein business 
will operate 24 hrs./day, 7 days/wk., and employ three shifts of workers, where each shift will have 
two people in potato receiving and washing, one operator, two people in packaging, one 
supervisor, and one shipping coordinator. By the end of this 3-yr. IGEM HERC project, i.e., 
06/2028, IPP will have 21 employees and generate $4M/yr. in gross revenue.  

8. Criteria for Measuring Success 
This project has been split into six milestones, two per year. 
Year 1 - Milestone 1 (07/2025-06/2026) sets the objective of obtaining and setting up the industrial 
scale equipment required for IPP to recover starch and potato juice in Glenns Ferry, ID. The 
processing of potatoes into starch at 2,000 lbs./hr. will require investment equating to $4M in 
infrastructure and equipment for receiving, rock removal, washing, sorting, rasping, centrifugation, 
hydrocyclone separation, vacuum filtration, flash drying, and packaging equipment. Gillette, 
Salamanca, Flores, and McFarland of IPP will finance the equipment for the starch and protein 
operation. While this equipment is being purchased and set up for use at the Genesis Organics 



packaging facility, PI McDougal will manage Milestone 2 (07/2025-06/2026), which is to generate 
sufficient quantity of potato starch and protein for functional and physical property assessment 
and market valuation. McDougal and his staff at the BSU FDIC will generate kg quantities of 
starch and protein by processing several hundred pounds of potatoes obtained from McFarland 
and Flores. They will measure the solubility, emulsification, foaming, texture, particle size, etc. of 
the starch and protein ingredients obtained from the processed potatoes. Samples of the starch 
and protein will be provided to Nichols at Ingredion and Ward at Glanbia for additional evaluation. 
Success in Yr. 1 will be measured by equipment acquisition and operational readiness by IPP, 
and potato ingredient technoeconomic analysis for starch and protein conducted by economist 
Dorland. Consumer grade ingredients must be produced in Yr. 1 to proceed to Yr. 2. 
Year 2 – Milestone 3 is to identify market alignment for Idaho produced potato starch and protein 
ingredients (07/2026-12/2026). Ingredion will assess the quality of starch, and Glanbia will assess 
the protein functionality for use in commercial beverages, RTM drink powders, supplements, 
nutrition bars, and other products. The twin screw extruder will be set up and operational at FP to 
permit product development of the extruded oat alternative meat products, and potato protein will 
be included in the Papa Latte formulation to assess consumer market potential by Cantley. 
Milestone 4 is the IPP starch processing operation in Glenns Ferry that will produce ingredient 
and generate $250,000 in revenue from ingredient sales to customers that may include Ingredion, 
J.R. Simplot Co., McCain Foods, Lamb Weston, Cavendish Farms Foodservice, and Trinity 
Frozen Foods (12/2026-06/2027). By the end of Yr. 2, our team will have market outlets for starch 
and protein ingredients, produce and sell tons of starch, and have consumer beverage and 
alternative meat products prepared for sensory panel evaluation. Dorland will conduct an 
economic assessment of operations to guide future investment and course correct process 
inefficiencies. Revenue from ingredient sales must reach $250,000 in Yr. 2 to proceed to Yr. 3. 
Year 3 – Milestone 5 will focus on adding the protein ingredient production capability to the IPP 
starch operation (07/2027 – 12/2027). We propose to recover over 96,000 lbs./yr. of potato protein 
for sale as an ingredient, and use it in new consumer products including Papa Latte and extruded 
oat-based meat alternatives. Milestone 6 includes the extension of ingredient and product 
offerings derived from additional research and development activities (01/2028 - 06/2028). The 
potato protein can be further separated into patatin for ingredient and supplements, and protease 
inhibitor II for weight management products that demand a market value closer to $11/lb. The 
potato fiber is also of value, and we may pursue its isolation to sell as an ingredient. Lastly, high 
quality extruded pet food and snacks may be pursued in our product portfolio. 

9. Anticipated Development Challenges/Barriers 
The work proposed for this project has been underway for several years. Significant momentum 
and investment have occurred to provide FDIC lab and pilot scale equipment for the conversion 
of potatoes into starch and protein. Current IGEM HERC investment is requested to bridge the 
gap between a BSU research project and the IPP commercial operation. Establishing the IPP 
starch and protein operation will require private contribution on the order of $4M for infrastructure 
and equipment. The quality of the starch and protein ingredient that IPP will produce must meet 
consumer standards to warrant the full $4M investment by McFarland and IPP. To mitigate this 
challenge, we have enlisted the expertise of economist Dorland, sensory scientist Cantley, and 
ingredient professionals Wu and Nichols at Ingredion, and Ward at Glanbia Nutritionals. We will 
confirm ingredient quality and predict economic returns each year to ensure we are on target to 
break even by or before 06/2028. Continued growth in processing capacity will lead to a profitable 
business with more than 21 new employees.  Our 5-yr. plan is to continue to grow the operation 
to 28M lbs./yr. of potatoes processed by 07/2030, i.e., 8.4M lbs. starch, 168,000 lbs. protein, 
$7M/yr. gross revenue and 30 employees. 

10. Budget: See Form D: IGEM-HERC Full Proposal Budget Form 



11. Budget Justification 
Year 1 Milestones 1 and 2: Establish a new potato starch and protein operation 
LINE ITEM REQUEST JUSTIFICATION TOTAL $ 

Personnel PI project management; research postdoc; GRA - lab 170,500 

Equipment Retsch starch drier; pilot scale flash drier for protein 105,000 

Travel Glenns Ferry; Burley/Twin Falls; Pocatello; Idaho Falls 5,400 

Participant Support Economist; Sensory Scientist 16,000 

Other Direct Costs GRA tuition/insurance; recharge center; supplies  39,600 

For each year of this grant, 2 mo. of salary and fringe have been requested for PI McDougal to 
manage the project, a full-time postdoctoral researcher will work between the FDIC and FP, and 
PhD student Renshaw will conduct studies in the FDIC. The equipment requested includes a 
Retsch starch drier and a flash drier for protein with 10-20 kg/hr. capacity. The FDIC at BSU works 
with many food and dairy farms and process partners, so the equipment will be utilized after the 
award to continue research to benefit Idaho businesses. Travel is requested to meet monthly with 
IPP in Glenns Ferry, and quarterly with Glanbia in Twin Falls, Gibby Group in Burley, and 
Ingredion in Idaho Falls. The Idaho Potato Conference takes place each year in Pocatello, so 
networking has been included for this event. Economist Dorland will conduct technoeconomic 
assessment of the project as a paid consultant, and sensory scientist Cantley will organize 
sensory panels through her role at TechHelp at a cost of $2,500/panel and microbiological 
assessment of food products, est. at $500 per trial. Renshaw’s tuition and health insurance are 
included in accordance with BSU graduate college rates. Recharge center fess are included for 
access to the Biomedical Research Institute at BSU for cell culture work, imaging, and mass 
spectrometry services beyond those available at the FDIC. Supplies have been itemized, and a 
complete list of products, quantities, vendors, and costs is available upon request. 
Year 2 Milestones 3 and 4: Commercialize potato starch and protein ingredients 
LINE ITEM REQUEST JUSTIFICATION TOTAL 

Personnel PI project management; research postdoc; GRA - lab 174,600 

Equipment Rheometer; extruder accessories for oat pulp products 109,800 

Travel Glenns Ferry; Burley/Twin Falls; Pocatello; Idaho Falls 5,400 

Participant Support Economist; Sensory Scientist 47,000 

Other Direct Costs GRA tuition/insurance; recharge center; supplies  36,000 

The Yr. 1 budget description applies for Yr. 2 with a 3% increase in salaries as per university 
mandate. The rheometer is critically important to assess and evaluate slurries entering the 
extruder, and to characterize beverages formulated with potato protein. The extruder accessories 
are specific to produce the texture of meat from plant-based oat inputs. Additional funds are 
requested for Dorland’s time for expanded economic assessment, and Cantley will conduct four 
sensory panels. The FDIC at BSU works with many food and dairy farms and process partners, 
so the equipment will be utilized after the award to continue research to benefit Idaho businesses. 
Year 3 Milestones 5 and 6: Generate consumer products containing potato ingredients 



LINE ITEM REQUEST JUSTIFICATION TOTAL 

Personnel PI project management; research postdoc; GRA - lab 178,800 

Equipment Texturometer – beverage & extruded product analysis 28,400 

Travel Glenns Ferry; Burley/Twin Falls; Pocatello; Idaho Falls 5,400 

Participant Support Economist; Sensory Scientist 23,000 

Other Direct Costs GRA tuition/insurance; recharge center; supplies  35,400 

The Yr. 2 budget description applies to Yr. 3 with a 3% increase in salaries as per university 
mandate. The texturometer is essential to measure the texture, and evaluate the quality, extrusion, 
and shelf-life of oat based alternative meat products. The FDIC at BSU works with many food and 
dairy farms and process partners, so the equipment will be utilized after the award to continue 
research to benefit Idaho businesses. 

12. Project Management – See Table 3. Gantt chart for 3-yr. HERC timeframe 
Management structure: PI McDougal will coordinate the activities of the postdoc and PhD 
student Renshaw at the FDIC and FP. PI McDougal will coordinate oat pulp acquisition from 
Quast, ingredient evaluation by Nichols and Ward, communicate regularly with Gillette and 
McFarland to drive progress in Glenns Ferry, and initiate engagement by Dorland and Cantley. 
McDougal will provide talent and expertise to drive innovative research, Gillette and McFarland 
will deploy technology in the private sector, and economic returns for Idaho will be measured.   
Table 3. Gantt chart for 3-yr. HERC timeframe 

 
13. Additional Institutional and Other Sector Support 

Boise State University has provided $2.5M in new laboratory spaces for the FDIC, where potato 
processing at the lab and pilot scale will occur. External partners will provide $4M in equipment, 
infrastructure (IPP & McFarland) for starch processing, extrusion in a food grade laboratory (FP, 
est. $101,000/yr.), and people to set up and operate the starch facility (est. 21 employees). 

14. Future Funding 
PI McDougal will submit a proposal to the NSF SEED FUND SBIR/STTR program in the topic 
area of Agriculture Technologies, and sub-topic of Food Waste Mitigation by 06/2027. This IGEM 
HERC proposal, as it relates to potato and oat processing byproduct conversion into higher value 
food ingredients and products, aligns with the NSF program that supports small business 
development at a level of up to $2M.   



References 
1) Riley, I.M., Impact of Potato Starch Structural Transitions on Microstructure Develop-

ment During Deep-Frying. Food Hydrocolloids. 2023, 142, 108833. DOI:  
10.1016/j.foodhyd.2023.108833 

2) Kowalczewski, et. Al. The Nutritional Value of Biological Activity of Concentrated Protein 
Fraction of Potato Juice. Nutrients. 2019, 11, 1523. DOI: 10.3390/nu11071523 

3) Hu, et. Al., Potato Proteins for Technical Applications: Nutrition, Isolation, Modification, 
and Functional Properties – A Review. Innov. Food Sci. Emerg. Technol. 2024, 91, 
103533. DOI:  10.1016/j.ifset.2023.103533  

4) Waglay, A., et. Al. Pilot Plant Extraction of Potato Proteins and their Structural and Func-
tional Properties. LWT – Food Sci. Technol. 2019, 113, 108275. DOI: 
10.1016/j.lwt.2019.108275 

5) Alemayehu, G.F., et. Al. Nutritional and Phytochemical Composition and Associated 
Health Benefits of Oat (Avena sativa) Grains and Oat-Based Fermented Food Products. 
The Scientific World Journal. 2023, 2730175. DOI: 10.1155/2023/2730175 

6) Wang, A. Development of Protein-Enriched Biscuit Based on Oat-Milk Byproduct Forti-
fied with Chickpea Flour. LWT – Food Sci. Technol. 2023, 177, 114594. DOI: 
10.1016/j.lwt.2023.114594 

  



Appendix A : Facilities and Equipment – Include a description of the available facilities and 
equipment. If equipment requests are part of the budget, include quotes here.  
PI McDougal has 2,200 ft2 of wet lab space located in the Micron Center for Materials Research 
on the Boise State University campus. McDougal has three wet bench laboratories that are well-
equipped for natural products chemistry, food and dairy chemistry, and biomass extraction and 
component separation. In the 600 ft2 lab there are two eight-foot fume hoods, an 18 MΩ-cm 
nanopure water system, Heidolph Hei-VAP rotary evaporator, two standard refrigerators, one 
commercial 47 ft3 2-door fridge, one Fisherbrand Isotemp incubator, one VWR incubator, Malvern 
Zetasizer Ultra Particle Size Analyzer, two analytical balances, Hannah HI932 Automatic 
Potentiometric Titration System, LabConco FreeZone 2.5 plus lyophilizer with refrigerated 
CentriVap Concentrator, VELP SER 158/6 Series Automatic Solvent Extractor, Fisher Scientific 
Orbital Shaker, two Thermo Scientific UltiMate 3000 HPLC systems - both with diode array 
detectors, one with a fraction collector and the other with a charged aerosol detector, one Agilent 
1260 Infinity II HPLC system with diode array, refractive index, and single quadrupole mass 
spectrometer detectors, and Peak Genius XE35 nitrogen generator. The HPLC systems all 
contain diode array detectors, and in addition each has unique functionality.  
In another 600 ft2 lab there is one eight-foot fume hood, one four-foot Kjeldahl hood, two 17.7 ft3 
commercial freezers, a chest freezer, two Fisherbrand Isotemp incubators, a Bruker MPA FT-NIR 
and Thermo Fisher Nicolet iS20 FT-MIR spectrometers, BioTek Epoch2 microplate reader UV-
Vis spectrometer with cuvette holder, Agilent AriaMx RT-PCR 96-well plate system, Millipore 
Labscale TFF milk filtration system, an Agilent 7000E GCTQ-MS, FOSS DT 208 block digestor 
and KT 200 distillation Kjeldahl system, two analytical balances, Sartorius Entris II Advanced 
Precision Balance, OHAUS MB120 moisture analyzer, Aqualab TDL2 water activity meter, 
Thermo Scientific™ Thermolyne™ small benchtop muffle furnace, Eppendorf Centrifuge 5920R 
(max speed of 14000 rpm), QL Model 10 lab oven, Thermo Scientific CL2 and EKF Diagnostics 
Micro12 centrifuges, and two Benchmark myTemp mini incubators. 
In the 1000 ft2 lab there is one eight-foot fume hood, Pilotech YC-018 Pilot spray dryer, USALab 
lab-scale spray dryer, Teledyne Flodex powder flowability index test instrument, Thermo Scientific 
SWB 15 Precision water bath, Buchi R-114C24P B-480 rotary evaporator, Sartorius Entris II 
Essential Analytical Balance, CEM MARS 6 microwave digestion system, HunterLab Aeros 
Reflectance Spectrometer, LECO FP828P nitrogen/protein analyzer, Agilent 1290 HPLC-ELSD 
system, Agilent 7850 ICP-MS, Thermo Scientific Orion Aquafast AQ4500 turbidity meter, Aqualab 
Vapor Sorption Analyzer, Waters TA NanoDSC, Elea PEF-Pilot Dual and TC80, TetraPak 1812 
pilot-scale filtration system, Agilent 1260 Infinity GPC system, Harvest Saver Dehydrator (R-5A), 
USALab 8-tray freeze dryer, USALab 50 L vacuum filtration unit, USALab 45 L SS jacketed 
centrifuge, 28 L Robo Coupe blender, large capacity mixing vessel, and a variety of small 
equipment. 
McDougal is the Director of the Food and Dairy Innovation Center (FDIC), which is a full-service 
analytical chemistry recharge center accessible to internal university and external industrial 
partners. Students conduct food, dairy, and natural products chemistry research in the FDIC, 
which is complemented by additional core facilities on the Boise State campus that include the 
Biomedical Research Institute and the Boise State Center for Materials Characterization. The 
Biomedical Research Institute recharge facility in the Math Building, and it is staffed by 
professional scientists, under the direction of Distinguished Professor, Dr. Julie Oxford. Access 
to a multitude of mass spectrometry instrumentation, cell culture labs, and imaging capabilities 
are available. The Materials Characterization recharge center is in the Micron Center for Materials 
Research building, where access to surface imaging and state of the art microscopy equipment 
are accessible. Work with area industry involves food and dairy process chemistry, as well as 
evaluation of science and technology applications in food processing.      



Equipment quotes are included in the following order: 
(1) Retsch starch drier 
(2) Flash drier for protein 
(3) Rheometer 
(4) Extruder – Select items (die, screws, etc.) from this quote that are required for alternative 

meat products will be charged to HERC 
(5) Texturometer 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Appendix B : Biographical Sketch – 3 pages. Academic PIs and co-PIs must provide a 
biographical sketch using the NSF format, with the exception that it be no longer than 3 pages 
(see NSF format via PAPPG https://nsf-gov-resources.nsf.gov/files/nsf24_1.pdf).  

https://nsf-gov-resources.nsf.gov/files/nsf24_1.pdf




  



Appendix C : Senior Personnel – Provide a description of qualifications and services expected 
from all consultants, visiting professors, postdoctoral associates, and other senior personnel.  
Sara Dorland is the managing partner of Ceres, a consulting company providing techno-
economic analysis to companies throughout the dairy and food processing supply chain. Dorland 
started Ceres in 2009, providing consulting services to multi-national companies, food processors, 
cooperatives, and others evaluating agricultural investments. Her analysis has guided the 
construction of several US processing facilities with others in the evaluation stages. Dorland has 
provided economic advice to Senator Schumer’s staff for the Farm Bill, testified before the USDA 
relating to the Federal Milk Marketing Order hearings, and her expertise is critical to validating the 
activities and results obtained by the team for economics related to commercialization. 
 
Dorland will conduct economic analysis for this IGEM HERC potato/oat starch/protein project. 
She will identify market trends and opportunities to advise the team to make decisions using the 
correct metrics to ensure practical solutions are generated from team activities. In addition, 
Dorland will conduct an in-depth economic and market analysis to support the research and 
commercialization of potato and oat protein/starch ingredients. The analysis will assess 
production costs, market demand, competitive positioning, and potential revenue streams to guide 
commercialization strategies and investment decisions to move from pilot to commercial scale. 
Key industry trends, regulatory considerations, and supply chain dynamics will also be evaluated 
to ensure project viability and market alignment. Dorland will receive $10,000 in year 1, $35,000 
in year 2, and $5,000 in year 3 for a total budget request of $50,000. 
 
Project Deliverables 
Deliverable Scope Anticipated Delivery Date 
• Economic feasibility as-

sessment, including 
cost of production and 
potential return on in-
vestment 

• Market demand analy-
sis for potato and oat 
protein/starch in food, 
feed, and industrial ap-
plications 

• Competitive landscape 
review, identifying key 
players and market po-
sitioning strategies 

• Supply chain analysis, 
including raw material 
availability and pro-
cessing infrastructure 

• Regulatory landscape 
assessment, identifying 
compliance require-
ments and barriers to 
entry 

Develop a business plan to 
summarizing findings and 
strategic recommendations 
for commercialization. 
Considering the following: 

• To better define the 
value proposition to 
customers  

• Provide financial im-
pact review of new 
products/technology 
on customer’s bot-
tomline – whether 
revenue generation 
or cost avoidance.  

• For example, up-
cycle, review the 
cost of waste, en-
ergy, labor related 
to disposal of by-
products or off-
specification pota-
toes to determine 

The delivery date will be 
contingent on other 
aspects of the project 
including plant design, 
throughput and other 
considerations. 
 
There would be 
consideration for grant 
schedule of delivery dates 
and presentation schedule. 



• Final report  the value of new 
products 

Weekly meetings Attend scheduled meetings TBD 
Update reports/provide as 
necessary 

Project reports as needed Monthly/quarter  

Provide support for 
presentations – up to 8 per 
year 

The deliverable will be to 
support the business 
development aspect of 
these presentations such 
as strategy, customer 
acquisition strategies for 
dairy clients, business plan 
development & review and 
financial statements (see 
earlier deliverable). 
Provide support to 
communications team and 
attend meetings to field 
financial questions and 
food processing specific 
knowledge and support. 

The delivery dates will vary 
depending on the 
presentation schedule.  

 
Catherine Cantley is the Director of Studio/Blu at Boise State University and a leader in TechHelp, 
a multi-institution resource to promote public private partnerships. Cantley’s background is in food 
science, specifically sensory science. She has extensive experience in the potato industry, as a 
former Simplot employee, where she often organized expert sensory panels to evaluate food 
product quality and marketability. Cantley will organize, coordinate, and conduct sensory panels 
for Papa Latte formulations and oat-based extruded meat alternative products. Cantley 
anticipates on the order of ten panels, over a three-year period, where each panel consists of fifty 
participants each. She will develop consumer surveys, acquire feedback, and disseminate her 
findings to the team for product optimization. 
 
Research Scholar – This new position will complement the work of PhD graduate student Caleb 
Renshaw. Renshaw is a former Simplot employee who will be responsible for processing 
potatoes into starch and protein ingredients at the FDIC at BSU. He will conduct functional and 
physical property evaluation for the ingredients, and determine the yield and quality of ingredient 
by refined protocols. The research scholar will primarily work in the Food Physics food grade 
reseach lab, where they will use the twin screw extruder for development of oat-based alternative 
meat products. The research scholar will also formulate Papa Latte using different plant proteins 
to prepare products for sensory panel evaluation. The research scholar and Renshaw will meet 
regularly with PI McDougal and IPP leaders, McFarland, Gillette, Salamanca, and Flores to 
optimize potato processing methods that lead to favorable returns.  
  



Appendix D : Other – Provide documentation of other sector resource commitments including up 
to five (5) letters of support or private sector partnerships. Letters of support must explicitly 
describe the role(s)/ contribution(s) of the supporting partner in the proposed project. 
The order of letters is as follows: 

(1) Don McFarland – Genesis Organics 
(2) Tom Gillette – Idaho Potato Products 
(3) Kalen McKenzie – Food Physics 
(4) Monte Quast – Gibby Group 
(5) Dustin Nichols – Ingredion 
(6) Loren Ward – Glanbia Nutritionals 
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