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Statement of Problem: 
There is a need for a product that provides children with 20% of their daily 

fiber requirements and is aesthetically appealing while also adding flavor 

and sweetness to foods they are already consuming. To produce such a 

product, a process utilizing four separate unit operations must be designed 

to be implemented in industry by using or modifying existing machinery and 

processing techniques.

Background Review:
Based on research of previous inventions, there are currently no 

encapsulated soy products to provide protein and fiber in one’s diet. Similar 

encapsulated food products are currently patented to only release flavor 

additives to foods. A gel forming polymer and oil were used to form a water 

insoluble gel matrix around the product. There is no shrinkage with the 

freeze-drying method, and instead provides a porous structure that allows 

for rehydration and increased application with little flavor and color loss. 

Alternative Solutions:
Different drying methods (shown below) were explored to determine and 

identify potential alternative process designs based on shelf-life, aesthetics 

of the final product, economic impact on storage and processing conditions, 

cost, and time.

• In a large jacketed vessel, water is boiled but does not exceed 120ºC

• In a double armed mixer, mix (until homogenous) dry ingredients

• Add boiling water to dry ingredient mixture, and blend until homogenous

• Pump mixture to a counter-current tube-and-shell heat exchanger and  

cool to between 100ºC and 95ºC

• From the heat exchanger, pump to the double armed mixer and add   

coloring and flavoring; mix until homogenous

• Using an industrial dropper, drop the mixture into chilled oil bath (similar  

to the one employed by potato chip processes)

• Separate the oil and spheres by use of conveyer

• Using a produce washer, rinse wet spheres using cold water

• Using a tunnel freezer, freeze rinsed spheres to -20ºC

• In a continuous industrial sized freeze-dryer, freeze-dry frozen spheres

• Fill freeze-dried spheres into 4 oz cup and seal 

• Store in room with humidity less than 80% to prevent water vapor  

absorption

Sustainability:
There are some areas for sustainability in our process involving the chilled 

oil unit process. Once the oil has cooled the product, it will be re-circulated 

to a heat exchanger to reduce its temperature and then returned to the oil 

bath. Other areas of reuse would include water in the heat exchangers 

being used in initial heating of the water, as well as using the evaporated 

water from the freeze-dryer.

Global Impact:
Not only does this problem help mothers provide their children with a 

nutritious alternative to sugar-filled breakfast foods with added fat, but 

Evaluation of additional target consumers could lead to the launch of FIBitz 

in additional markets such as: geriatric patients, who are in need of protein 

and fiber with the limited capability to chew vegetables or other fiber-rich 

foods; vegans, who are limited by their diet and must still receive adequate 

nutrition; ‘health conscious’ young adults who are looking for more variety in 

their diets; and soldiers, who are in need of shelf-stable, energy providing 

products that are low weight and therefore relatively inexpensive to ship. 

Additionally, our product also affects the local soybean market. 
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Sample Water Activity Temperature (degrees Celsius)

Freeze-dried 0.694 22.5

Freshly made before drying 0.990 22.1

Not fresh before drying 0.988 22.3

40 degrees Celsius for 40 min 0.987 22.0

40 degrees Celsius for 70 min 0.970 22.4

50 degrees Celsius for 80 min 0.976 22.5

50 degrees Celsius for 40 min 0.962 22.4

Option Advantage Disadvantage Conclusion

Oven Drying Inexpensive

Keeps the flavoring

Gummy texture

Need less coloring (coloring 

became concentrated)

Easily available

Fast

Shrinks the product

Makes product tougher

Increases microbial issues 

(incubates)

Large moisture content

Extremely variable based on 

mass

Although the texture turned our favorable the 

moisture and the variable processing 

parameters (drying time, humidity, and air 

circulation) made this dryer non-ideal. 

Vacuum 

Drying

Semi-inexpensive

Better microbially than oven 

drying

Fast

Shrinks product dramatically

Product becomes hard

Discoloration (turns dark)

Loss flavoring

The texture, color, and flavoring were all 

changed in non-favorable directions.  Even 

though it was fast, we did not think the speed 

was enough to compromise the quality of our 

product.

Freeze 

Drying

No shrinkage

Flavor retention

Virtually no microbial issues

Extremely low water activity 

(which translates to shelf 

stability)

Color muted

Expensive

Less available

Long drying time

The color muting was minimal and the 

expense is something that can be optimized 

in future work.  Overall, we believe this was 

the kind of drying that would provide our 

product with the best texture, flavor and color 

while also extending shelf life and being 

virtually microbially clear

Water activity and temperature for oven-dried samples vs. freeze-dried samples

Summary of advantages, disadvantages, and conclusions about drying options for FIBitz

Economics:
A detailed economic evaluation of a small-scale plant is demonstrated 

below. Based on these calculations, recommendations for improvements 

can be made. The agar and oil method could be replaced by using calcium 

salts and alginate to reduce ingredient cost; however, this may compromise 

the integrity of the product. Additional research may go into additional 

drying methods to reduce the cost of the freeze-drying. Alternatively, the 

product could be made and sold as a wet, chilled product to remove the 

energy intensive drying steps.

Results of Fibitz after drying for 40 minutes with an oven dryer (left) and a vacuum dryer (right) 

Process Diagram:
Process flow diagram simulated using SuperPro Design tools

Complete economic evaluation with calculated costs for ingredients, processing, and labor with assumed capital costs 

A Return on Investment (ROI) is calculated to measure the performance of 

one investment compared to another. ROI is a percentage that is based on 

returns over a time period, usually one year. The formula used to calculate 

the ROI is:

For the dried and dehydrated fruit industry:

This industry invested $26.4 million, but after one year, it’ll have a return of 

$5.7 million. For food supplement stores for protein and fiber:

This industry invested $26.4 million, but after one year, it’ll have a return of 

$6.0 million. For FIBitz:

The profit would be smaller than other industries’ because the FIBitz 

industry starts as a small business with small-scale production. This 

industry invested $391,746,656, but after one year, it’ll have a return of 

$60,304.99. 
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