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OutlineOutline of the of the PresentationPresentation

• Introduction: Cocoa Butter Processing

• Steam Refining
• Chemical impact

• Crystallization “in process”

• Crystallization “of product”

• (Static Fractionation)
• Principle
• Process 
• Product

• Conclusions
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OILOIL
QUALITYQUALITY

Organoleptic/stability Functional Properties

Nutritional Quality

OIL PROCESSING

-Desired taste, odour
-Light color (brilliant) 
-High thermal stability 
-High oxidative stability 
-Long shelf life

- Good melting profile 
- Desired Plasticity
- Crystallisation kinetics

- Balanced FA composition
- No trans FA 
- High tocopherol content,…

RefiningRefining ModificationModification

Oil QualityOil Quality



De Smet Presentation 5

SteamSteam RefiningRefining::

PackedPacked ColumnColumn
PrinciplePrinciple
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Steam RefiningSteam Refining

Purpose:
1. Removal of unwanted odour and taste
2. Removal of excessive FFA (>1.75% as oleic acid)

while preserving TAG-distribution of oil, colour, 
oxidative stability,…

Principle:
Stripping of volatiles with carrier gas (steam) at high

temperature (laws of Raoult & Dalton)
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Steam RefiningSteam Refining

Packed Column:
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••ContinuousContinuous countercurrentcountercurrent

••Short Short residenceresidence timetime
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SteamSteam RefiningRefining::

ChemicalChemical ImpactImpact
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Steam Refining:Steam Refining:
OdourOdour & Taste, TAG & Taste, TAG 

•• HigherHigher temperaturetemperature leadsleads to more to more blandbland tastetaste

�� Europe: Europe: residualresidual aromaaroma desireddesired (e.g. 180(e.g. 180°°C)C)

�� U.S.: U.S.: favouringfavouring blandbland taste (e.g. 200taste (e.g. 200°°C)C)

•• No No observableobservable effecteffect on TAGon TAG--distributiondistribution

�� TAGTAG--ratios ratios remainremain unchangedunchanged

�� No TFA formation No TFA formation 

�� No interesterification No interesterification effectseffects
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Steam Refining:Steam Refining:
FFAFFA--reductionreduction

FFA FFA 

Mean vapor pressure of FFA (hPa)
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Steam Refining:Steam Refining:
FFAFFA--reductionreduction

Dijkstra equation 

Steam (%) Transfer units u     R² 

1 1.70 ± 0.18    0.974 

2 2.04 ± 0.10    0.994 

3 1.93 ± 0.09    0.995 

Bailey equation 

Steam (%) A B  E (%)  R² 

1 1.40 ± 0.06 0.136 ± 0.011  82 0.992 
2 1.33 ± 0.03 0.272 ± 0.014  91 0.992 
3 1.33 ± 0.02 0.393 ± 0.018  90 0.999 

Extended Bailey equation 

Steam (%) A B y0 E (%)  R² 

1 1.40 ± 0.05 0.138 ± 0.012 0.03 ± 0.02 83 0.993 
2 

1.32 ± 0.04 0.288 ± 0.021 0.04 ± 0.02 96 0.996 
3 1.32 ± 0.02 0.390 ± 0.014 0.01 ± 0.03 94 0.999 
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FFAFFA--removalremoval cancan bebe describeddescribed by by variousvarious physicalphysical//mathematicalmathematical modelsmodels

lowerlower model model qualityquality

lowerlower model model qualityquality
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Steam Refining:Steam Refining:
Colour of Colour of CocoaCocoa ButterButter

Deodorization Temperature (°C)
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Steam Refining:Steam Refining:
Theobromine & Theobromine & CaffeineCaffeine

Stripping Temperature (°C)
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SteamSteam RefiningRefining::

CrystallizationCrystallization

‘‘in in processprocess’’



De Smet Presentation 15

Temperature (°C)
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Steam Refining:Steam Refining:
Theobromine & Theobromine & CaffeineCaffeine

+ 40+ 40°°CC

x 3x 3

AdjustmentAdjustment of of 
scrubber scrubber 
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SteamSteam RefiningRefining::

CrystallizationCrystallization

of Productof Product
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
NonNon--isothermalisothermal crystallizationcrystallization

•• DSCDSC

•• 3 3 repetitionsrepetitions

•• 3 3 factorsfactors
TemperatureTemperature
SteamSteam

FFAFFA

•• 8 8 parametersparameters

•• FMLRFMLR
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
NonNon--isothermalisothermal crystallizationcrystallization

•• ModelsModels showshow……
  I.C. Temperature (°C) Steam (%) FFA (%) R² 

Heat (J/g) 74.53  0.0320* n.s. n.s. 0.22 

Start temperature (°C) 15.05 0.0235* n.s. 1.163 0.19 

Onset temperature (°C) 18.07 n.s. n.s. -0.043* 0.43 

Peak max 1 (°C) 13.39 n.s. 0.185 0.376* 0.26 

C
ry

st
al

liz
at

io
n 

Peak max 2 (°C) 2.09 n.s. n.s. n.s. - 

Heat (J/g) 86.27 n.s. n.s. -3.01* 0.31 

Onset temperature (°C) 11.01 0.0097 n.s. 0.982* 0.23 

M
el

tin
g 

Peak max (°C) 26.23 -0.0129 -0.022 -1.422* 0.53 

 •I.C.: intercept
•n.s.: not significant
•*most significant variable as indicated by ANOVA

……overalloverall lowlow influence, influence, FFAFFA mostmost significantsignificant
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
IsothermalIsothermal crystallizationcrystallization atat 2020°°CC

•• XRDXRD--measurementsmeasurements show:show:
1.1. TwoTwo--step step crystallizationcrystallization: : �� to to ��’’

2.2. EarlierEarlier formation of formation of �� in in stronglystrongly refinedrefined CBCB

3.3. SlightlySlightly higherhigher angles in SAXS for angles in SAXS for �� in in stronglystrongly refinedrefined CBCB

4.4. SlightlySlightly soonersooner occurrence of occurrence of ��’’

•• ModelingModeling the the ��’’ isothermalisothermal crystallizationcrystallization withwith
FoubertFoubert--model:model:
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
IsothermalIsothermal crystallizationcrystallization atat 2020°°CC

•• WhenWhen plottedplotted as as functionfunction of FFA, of FFA, modelsmodels showshow……
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
AtAt EquilibriumEquilibrium

•• ‘‘EquilibriumEquilibrium’’ afterafter temperingtempering (40h (40h atat 2424--2626°°C)C)

•• XRDXRD--measurementsmeasurements show show overalloverall presencepresence ��VV

•• HoweverHowever,, PLM shows:PLM shows:

highhigh FFAFFA

lowlow FFAFFA
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
SFCSFC--values values atat 20, 25 and 3020, 25 and 30°°CC
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Steam Refined Cocoa Butter:Steam Refined Cocoa Butter:
PredictingPredicting SFC?SFC?

Mean vapor pressure of FFA (mbar)
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ConclusionsConclusions
oror

•• Final Remarks Final Remarks 
•• The WrapThe Wrap--up up 

•• The The EndtroEndtro
•• Take Home Messages Take Home Messages 

•• Food for ThoughtFood for Thought
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The The EndtroEndtro

CurrentCurrent situation for CB:situation for CB:

FFAFFA

timetime1.75%1.75%

supplysupply

demanddemand

•• TwoTwo--wayway expandingexpanding playingplaying fieldfield for for steamsteam refiningrefining

•• NeedNeed for efficient FFAfor efficient FFA--removalremoval in short in short residenceresidence timetime
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