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EXECUTIVE SUMMARY 
The main thrust of the proposed work is to characterize, demonstrate, and scale-up the use of high 
powered ultrasonics to partially and controllably gelatinize corn starch for an application.  Grain 
Processing Corporation (GPC), in collaboration with Dr. Grewell’s laboratory, has produced bench-
scale data that show ultrasonics can be used to partially gelatinize corn starch. This new processing 
method would allow GPC to market a new product with estimated annual sales of $10 million.  This 
is based on the fact that this product would be made without the use of aggressive chemistries and 
sold as a “natural” product.  In recent years, there has been a push by consumers for food or food 
ingredients made without use of synthetic chemicals.  These foods or ingredients with the “natural” 
label have been the fastest growing product segment in the food industry with an estimated annual 
growth of 20%. These pre-cooked starches are used in food products such as gravies, soups, fruit 
pie fillings, puddings, dressings, dips, and pizza toppings, among others.  
 
Annual production is estimated to be 15 million lb/year, requiring 20 continuous flow ultrasonic 
systems from Emerson Electric Co. (EMR).  The combined sales of the new starch and ultrasonic 
systems represent a multi-million dollar sales increase in the state of Iowa. In this project, ISU 
researchers will work closely with GPC to optimize processing conditions.  In more detail, ISU will 
treat samples at various conditions and GPC will characterize the effects giving ISU researchers 
direct and immediate feedback. Based on optimized conditions, ISU, GPC and EMR will work 
together to design and implement this technology into GPC’s production facilities. 
 
It is important to note that the PI has been successful with previous commercialization projects, 
including projects with Creative Composites (Ankeny IA-letter attached) and SoyWorks (IL). 
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Technical Objectives 
This work will develop, demonstrate, and scale-up a novel, efficient technology for partially and 

controllably gelatinizing No. 2 yellow dent corn starch for food applications. In recent years, there 
has been a push by consumers for food or food ingredients made without use of synthetic 
chemicals.  These foods or ingredients with the “natural” label have been the fastest growing 
product segment in the food industry with estimated annual growth of 20%. Natural instant starch 
(pre-cooked) is one such example of an important food ingredient.  Instant starch is a cold water 
thickening starch that has many applications in food processing.  These pre-cooked starches are 
used in food products such as gravies, soups, fruit pie fillings, puddings, dressings, dips, and pizza 
toppings, among others. In these applications, instant starch is preferred over conventional cooked 
starch because it delivers more stable products and increases efficiency during food processing. 

Currently, methods for producing instant starches either involve use of harsh chemicals or 
energy intensive processes.  For instance, in some methods native starch is modified with synthetic 
chemicals, such as propylene oxide, in order lower viscosity and achieve lower gelatinization 
temperatures.  Other conventional methods for producing instant starches, such as extrusion and 
drum drying, are energy intensive.  The proposed method will allow for convenient partial 
gelatinization of corn starch without application of harsh chemicals and using low energy intensity.  
This chemical-free method will allow the subsequently made product to be marketed as “natural.”  
Researchers at GPC and Iowa State University (ISU) have shown that partial bulk (not limited to 
surface gelatinization) gelatinization is possible with high ultrasonic fields in a liquid medium (water).  
The work has been demonstrated with both batch and continuous flow systems.  The partially 
gelatinized starch does not build viscosity and remains a pumpable fluid at room temperature. In 
addition, this product has the potential of being turned into a “natural” instant starch.  Based on the 
existing market size, GPC projects $10 million of new annual sales for this Iowa-based company. 

Ultrasound is sound waves at a frequency above the normal hearing range of humans (> 15-20 
kHz).  When the ultrasound wave propagates in a medium such as a liquid or slurry, it produces 
cavitation [1,2] and acoustic streaming [3].  The cavitation generates powerful hydro-mechanical 
shear forces in the bulk liquid [4], which disintegrates nearby particles by extreme shear forces.  The 
main benefit of streaming in corn slurry processing is mixing, which facilitates the uniform 
distribution of ultrasound energy within the slurry mass, convection of the liquid, and dissipation of 
any heating that occurs. 

Ultrasonication has been applied widely in various biological and chemical processes.  The use of 
high-powered ultrasound has been used to enhance starch-protein separation in a wet-milling 
operation. Ebringerová et al. [5] used ultrasound to aid in the extraction of active xylan and 
heteroxylan from corn cobs and corn hulls, respectively.  Wood et al. [6] studied the effects of 
ultrasonic treatment on ethanol fermentation from mixed office paper.  The authors demonstrated 
that sonication of recycled paper increased ethanol production by as much as 20%.  In addition, Dr. 
Grewell’s laboratory has shown that starch granules for both no. 2 yellow dent and sugary-2 corn 
can be gelatinized at room temperature [7]. 

In order to employ this technology commercially, characterization and optimization are needed, 
including tool design and parameters.  The goal of this project is to work with GPC and EMR to 
realize this technology’s potential by optimizing and characterizing the technology, performing 
continuous flow studies (scale-up) and implementing the technology in GPC production facilities. 
Once the process is optimized, the PI and key personnel from EMR will assist GPC with full-scale 
equipment design, selection, and setup.  This will occur through communications as well as plant 
visits to selected plant locations. It is important to note that EMR offers a commercially available 
ultrasonic system that has standard piping flanges for attachment.  This assures that existing GPC 
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facilities can be retrofitted with ultrasonic systems.  In addition, these systems have been proven in 
other industries, such as the municipal waste treatment industry. 
Scope of Work 

The work will be divided into three tasks: 1) optimization of bench-scale systems, 2) scale-up 
and continuous flow characterization, and 3) commercialization of the technology. These tasks are 
detailed below: 
TASK 1: Bench-scale Optimization of Controlled Gelatinization of Corn Starch 
 In the initial phase, preliminary results from GPC and ISU will be further characterized to 
develop empirical models between processing parameters, such as energy density and amplitude to 
gelatinization.  The degree of gelatinization will be characterized with cross polarization microscopy 
and thermal analysis methods, such as differential scanning calorimetry (DSC). GPC will conduct 
the characterization studies. Samples will be shipped to GPC (overnight) for studies and GPC will 
provide the results directly to ISU.  
TASK 2: Scale-up of Controlled Gelatinization of Corn Starch 
In order to gain insight into the scale-up, tests will be conducted in a continuous flow sonication 
chamber.  A single and multiple donut horn system with a 3.0 kW (per horn), 20 kHz power supply 
will be employed.  The reaction mixture will be pumped at various pressures and flow rates (1, 5, 7, 
10, and 15 gallon/min). The parameters to be studied include: 

 Amplitude: A (5 levels) 0, 3, 6, 9, and 12 µmp-p 

 Pressure: P (5 levels) 5, 20, 40, 60, and 80 psi 

 Flow rate: Q (5 levels) 1, 5, 7, 10, and 15 gallon/min 
Again, GPC will characterize the effects of the ultrasonic treatment and give ISU direct feedback. 
TASK 3: Commercialization of Controlled Gelatinization of Corn Starch  
Once the optimum conditions are identified, the PI and key personnel from EMR will work with 
GPC to design a full-scale demonstration plant.  This will occur through communications and 
consultations as well as production plant visits.  The PI and key personnel will make at least 2 trips 
to a plant within the United States for 3 days/visit.  In addition, EMR will assist with these 
installations at their own expenses. 
Materials 
GPC will supply all required feedstocks, including starch, for the entire duration of the project. 
Characterization 
GPC will characterize the processed feedstocks and provide direct feedback to the PI on the 
processes, modeling, and optimization.  This will include, but not be limited to, differential scanning 
calorimetric (DSC), polarized optical microscopy and spray drying results. 

                                                
1 Suslick, K. (1990). Sonochemistry. Science, 247, 1439-45. 
2 Flint, E. B., and Suslick, K. S. (1991). The temperature of cavitation, Science, 253, 1397-1399. 

3 Faraday, M. (1831). On peculiar class of acoustical figures; and on certain form assumed by groups of particles 

upon vibrating elastic surfaces. Phil. Trans. Roy Soc. London, 121, 299. 

4 Kuttruff, H. (1991). Ultrasonics Fundamentals and Applications. Elsevier Science Publishers Ltd., Essex, England. 

5 Ebringerová, Z., Hromádková, J. H., Alföldi, and Ibalová, V. (1998). The immunologically active xylan from 

ultrasound-treated corn cobs: Extractability, structure and properties. Carbohydr. Polym., 37, 231-239. 

6 Wood, B. E., Aldrich, H. C., and Ingam, L. O. (1997). Ultrasound stimulates ethanol  production during the 

simultaneous saccharification and fermentation of mixed waste office paper.  Biotechnol. Prog., 13 (13), 323-

327. 

7 S. Khanal, M. Montalbo, J. van Leeuwen, G. Srinivasan, D. Grewell, “Ultrasound Enhanced  Glucose Release 

from Corn in Ethanol Plants”, Journal of Environmental Science and Technology, Biotechnology and 
Bioengineering, 98(5) 978-985 
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Commercialization Plan  
The commercial objective of this work is to develop a new product for a medium-sized Iowa-based 
company (GPC) with a global reach.  The new processing method developed uses ultrasonics to 
partially gelatinize corn starch and allows GPC to market a new product with estimated annual sales 
of $10 million (GPC estimate).  This is based on the fact that this product would be made without 
the use of aggressive chemistries and would be sold as a “natural” product. 

Because preliminary data at ISU has demonstrated that 15 gal/min of corn starch slurry can be 
treated with a single ultrasonic system; therefore, the projected annual sales of 15 million lbs with an 
assumed  30% wt. total solids, would require 20 units.  This generates a new market for EMR. With 
an estimated cost of $10,000/ultrasonic unit, the GPC’s payback period on the investment will be 
less than 12 months. New sales of 15 million lbs of starch annually equates to new utilization of 
approximately 370,000 bushels of corn annually. The corn has a value of about $1.4 million/year at 
today’s price of $3.95/bushel and creates a new market for Iowa corn producers. 
Project Deliverables 

1. Develop a novel method, with accurate control, to partially gelatinize corn starch. 
2. Commercialize resulting novel processing technologies and increase sales. 

Budget 
Category  Requested amount  ISU Cost Share GPC  EMR  Total 
    Faculty  $3,206 $4,778 $1,572    $9,556
   Scientist, Post doc  $21,828          $21,828
Salaries & Wages Total  $25,034 $4,778 $1,572    $31,384
Fringe Benefits Total  $5,892 $1,300 $428    $7,620
Equipment  $0          $0
Travel  $0    $3,000    $3,000
Materials & Supplies  $500          $500
In‐kind (Productization)        $20,000 $5,000  $25,000

Total Cost  $31,426 $6,078 $25,000 $5,000  $67,504
 Budget Justification 
Salaries and Wages: 
Principal Investigator: 50% salary support for one month during the summer. Postdoctoral Research 
Associate: Hired for 12 months (50%) at a cost of $21,828. 
Benefits: Fringe benefits are estimated as 27.2% and 23% of salary for the PI and the postdoctoral 
research associate, respectively. 
Materials and Supplies: All materials and chemistries will be provided by GPC. The project will be 
charged $500 for overnight shipping of materials. 
Travel: Trips to visit collaborating companies will be charged to the project at a cost of $3,000. All 
travel by corporate sponsors will be paid directly by the companies. 
Cost Share: Attached are selected letters of support detailing the industrial contribution. Cash cost 
share includes: $5,000 from GPC. In-kind cost share includes: $5,000 from EMR, $20,000 from 
GPC, and $6,078 from ISU as one month of cost share for one month of salary for the PI. These in-
kind cost share amounts will be used for technical support, chemicals, and feedstocks (namely 
starch), product development, and commercialization of the proposed products. 
Schedule This project will have a total duration of approximately 12 months as detailed below: 
Task Q1 Q2 Q3 Q4
1) Bench-scale Optimization 
2) Continuous Flow Optimization 
3) Production Demonstration 
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GROW IOWA VALUES FUND GRANT COMPETITION 
COLLEGE REVIEW FORM 

 
 
PI Name: David Grewell 
 
Project Title: Naturally Controlled Gelatinization of Corn Starch 
 
College Ranking _1 of 6__  
 
Recommendation: Fund _X__   Fund if Possible ___  Do Not Fund ___ 
 
 
SECTION I: TECHNICAL MERIT (60% of recommendation) 

5 

Considerations: 
• What is the scientific merit of the proposed project? 
• Is the project technically feasible to accomplish in the listed time frame? 
• Does the budget seem reasonable? 
• Does the PI/team of researchers have the qualifications necessary to carry out the work? 
 

Justification:   
 

High scientific importance with a highly qualified team of researchers. Modest and appropriate 
budget for a 1-yr project 

 

SECTION II: BROADER IMPACTS (30% of recommendation) 

5 

Considerations: 
• What is the probability that this project could be used to leverage future funding from non-ISU sources? 
• What is the potential to increase ISU’s research capabilities or capacity? 
• What is the potential to enhance learning opportunities for students? 
 

Justification: 
 

Very strong industry connection.  Clear leveraging of industry-sponsored research.  Unclear 
connection with graduate students. 

 

SECTION III: COMMERCIAL POTENTIAL (10% of recommendation) 

5 
 
 Considerations: 

•     What is the likelihood that new intellectual property will be generated? 
•     What is the likelihood of eventual commercial success? 
 

Justification: 
High likelihood of new IP and eventual commercial success. 



Proposal Number:  FY10-26 

PI Name:  David Grewell 

Project Title:  Naturally Controlled Gelatinization of Corn Starch 

College Ranking: 

College Rating: 

Commercial Recommendation: Fund   

 

Commercial Potential: 

1) Will this project lead to a new Iowa business/company, or increase the sales/profitability of a recently 
started Iowa company? 

  Yes   

 Please comment on the above: 

Increased sales potential through new product development based on process 

 

2) Will this project increase the sales or profitability of an existing Iowa business/company ? 

  Yes - Grain Processing Corporation   

 What is the probability of commercial success: 

 Preliminary data is promising.  Industry partner is well established company with means to 
successfully introduce new products to market. 

Grain Processing Corporation, Muscatine, estimated new annual sales of $10 million. 

3) Are competitors identified, is the advantage of the proposed technology clear. 

  Yes/No   

 Please comment on the above: 

  “Natural” aspect of this product would be selling point, opening new markets.   

No competitors are identified.  The advantage is to partially gelatinize corn starch with the use of 
ultrasonics.  This opens up a new natural product line to market nationally. 

 

4) Is there a clear strategy for entry to the market, start up or existing Iowa business/company. 

    Yes    

The entry into the market with a new product line would be rather quick after full testing. 

 

5) Please make any other comments related to the commercial potential of this proposal: 

This reviewer appreciated the modest budget requested for the project.  Considering the 
predicted market of $10M new annual sales, it would be nice to see higher cash investment 
by industry partner. 

 

Intellectual Property Evaluation 



1.  Have any current ISURF invention disclosures been identified as background IP?    No  

2. Does this project have the potential to generate new intellectual property?  No 

 (please explain) 

3. Based on your current knowledge, without having the opportunity to receive input from the principle 
investigator or to conduct a market or technology assessment, what will be the barriers to 
commercializing this technology?   

Unknown 




