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Delivery of Micronutrients and Other Bioactives

via Extrusion and Supercritical Fluids



---- Beyond  the Conventional Extraction 

and Chromatographic Processes

---- Beyond  the Conventional Cooking 

and Forming Processes



P-V-T Diagram of a Pure Material

The Supercritical Region
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Order  of  Magnitude  Comparison  of  Properties

r(kg/m3)           m(cP) D (cm2/s)

ÅGas                1 0.01 10-1

ÅLiquid 1000 1 10-5

ÅSupercritical Fluids

P = Pc 200 - 500        0.01 - 0.03 10-4

= 4Pc     500 - 900        0.03 - 0.09 10-4
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ÅEnthalpy of phase change = 0

ÅSurface tension = 0

ÅTunable density --- gas-like to liquid -like



Critical Parameters of Selected Materials

Name Formula

Critical 

Temperature 

(oC) 

Critical Pressure 

(MPa) 

Ammonia NH3 132.89 11.28 

Carbon Dioxide CO2 30.98 7.38 

Hexafluorobenzene C6F6 237.78 2.77 

Perfluoropropane C3F8 71.89 2.68 

Sulfur Dioxide SO2 157.50 7.88 

Sulfur Hexafluoride SF6 45.56 3.76 

Water H2O 373.89 22.10 

Xenon Xe 16.61 5.88 



SCF APPLICATIONS

ÅExtraction and Fractionation

-- Hops, spices, caffeine, flavors, aroma, lipids, nutraceuticals, etc.

ÅPreparative Scale Supercritical Fluid Chromatography 

-- Fractionation of very similar compounds, especially lipids like PUFAs and isomers.

Å Reactions in Supercritical Media

-- Hydrogenation of fats and oils

-- Polymerization of PE, PVDF and other fluoro-polymers, butenehydration to 2-butanol,..   

-- New CO2-philic surfactants open the route to emulsion or suspension polymerization in 
supercritical or liquid CO2 leading to "new" polymers

ÅPolymer and Ceramic Processing

-- Plasticizer to decrease the glass transition temperature, impregnation, stripping,é.

ÅFoams and Aerogels

-- Microcellular foams from plastics, starch and proteins;  drying sol-gel into aerogels,..



SCF APPLICATIONS éé.Contôd

ÅParticle Design

o Rapid Expansion of Supercritical Solutions (RESS) 

o Supercritical Anti-Solvent (SAS) 

o Particle Generation from Supercritical Solutions or Suspensions (PGSS)

ÅImpregnation and Dying
o Excellent vector, even in the smallest pores of the matrix (when porous), for  

polymeric non-porous matrixes, the swelling effect permits easy penetration of the 

solute throughout the solid.

ÅCleaning

o As halogenated solvents are widely banned either for health or environmental hazards, both 
textile dry cleaning and mechanical and electronic part degreasing and cleaning by substituting 
perchlorethylenefor dry cleaning and trichlorethylene for part degreasing, by liquid CO2.

ÅOther Applications

o Sterilization and decontamination ïe.g. E. Coli destruction after 15 min at 15 MPawith CO2 is 
similar to that obtained at a pressure of 300 MPaHPP.

o Plasma fractions including plasma delipidationwith N2O or CO2

o Bone implants delipidationwith SC-CO3 followed by hydrogen peroxide, sodium hydroxide and 
ethanol treatment leads to complete virus elimination



Typical Steam-based Cooking Extrusion Process

Screw Speed = 200 - 400 RPM

MCWB = 20 - 30 %

SME = 150 - 300W.h/kg

Die

Additives

Feed Mixer

Expanded

Product
PT=14 0-190C

A wide variety of 

products of various 

shapes, colors & 

textures are 

produced



Steam-based Expansion & Dual Role of Water

ÅPlasticizer

¤ Controls thermo-mechanical energy input to feed

ÅBlowing Agent

¤ Moisture flash-off puffing

Undesirable effects

ÅSME, temp. and puffing undesirably coupled

ÅCompromised operating conditions used



What Is SCFX ?

Supercritical Fluid Extrusion

Supercritical Fluids
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Fundamentals of the SCFX Process
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Cooling

SC-CO2

Dry Ingredients

Salt / Water

SCFX Operating Principle 

Additives

Preconditioning

<1000C



Typical Screw Configuration and Pressure Profile
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SCFX Extrudates at Die Exit

Control, no SC-CO2 SCFX Extrudate, 0.7 wt% SC-CO2



Starch-based SCFX Extrudate

ÅMircoporousinterior, highly dispersible when pulvarized

ÅControl texture, direct solute deposition

ÅDual texture

Advantages/uses



SCFX:Pressure drop effects
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q is kept constant, so equation (2) becomes:

where
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Morphology: Effects of Die and Pressure

1 mm

21 X 10.7 MPa 16.5 MPa 10.7 MPa + static mixer

5.9 mm

2.9 mm



2. Thermodynamics and Mechanics of  

Deposition of Flavor/lipid in Extruded 

Microcellular Foods



Controlled Internal Deposition of  
Bioactives

Dough / melt                                

+                                    
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growth of cells 
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Methyl anthranilate

A natural flavor found in fruits 

such as grapes and tangerines and 

has fluorescent 

(335 nm) properties.

Hypothesis Testing Protocol


