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Under Utilized Hulls for Their Beneficial Properties 

• > 60% water extractives

• More than 32% fibers

• Rich in phytochemicals

• High in minerals

• Dairy feed (90%)

• Bedding/mulching (10%)
Hulls

Woods
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More Feed Uses for Dairy Cows, Chicken, Fishery

New proven ration ratio 
for cows: 12 lbs/day

Fungi mass derived 
from hulls

Up to 15% hulls 
can be fed to layers

5 or 9% hulls can 
be fed to broilers

Hulls
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Hulls Can be Processed into Various Food Ingredients

Process 1 
Washing, Drying, Milling, Sieving 

Process 2 
Mixing, Bottling 

Powder A 

Process 3 
Dispersion, 

Homogenization, Drying 

Beverage 

Powder B

Process 4 
Solvent-Assisted Homogenization, 

Centrifugation, Supernatants 
Enrichment in Column 

Chromatography, Solvent 
Removal/Freeze Dry 

Powder C

Antioxidants 
Powder

(Functional Emulsifier)

(Dietary Fibers)

(Drink Powder)

Sugars or 
Sweetener

+

Ruan, et al., University of Minnesota (2019)
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Shells at a Minimal Value ($0-10/ton)

• Volatile matter 72.2%

• High heating values 18.4 MJ/Kg

• Carbon 47.2%

• Ash content 3.8%

• Bedding/mulching (70%)

• Dairy feed (10%)

• Energy feedstock (10%)

• Soil amendment (10%)

Shells
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Shells: Reliable Feedstock for High Value Specialty Carbon

Torrefied shells (TAS) TAS/plastic composite

Shell/plastic composite

Biochar

Specialty/black/activated carbon

Soil amendment

Soil nitrate 
immobilization, 
amendment, 
disinfestation

Shells
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