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Factors affecting the texture
of fats and fat-structured foods

1. Solid fat content
2. Primary crystal habit (polymorphism)
3. Nano and Microstructure

a. crystallite morphology and size

b. spatial distribution of network mass

4. Inter-crystal interactions



What controls hardness?

Temperature | G™ (Pa) | SFC (%) | F,(N) K
(°C) (N/mm)
5 2.19E+072| 90.52 6022 2312
15 2.64E+07°| 90.52 5932 2232
20 1.63E+07¢| 80.5° 312P 90P
24 4.08E+07¢| 60.0¢ 3440 96P

Means with a common superscript within a column are not significantly different (P>0.05).
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Modeling the microstructure and Its
relationship to the mechanical response
of a fat



The Model

G —

20

ay

*

1

H3D —

A

6ray d’

(Dd—D




The Fractal Dimension



Structure-mechanical model

Force

- Fractal dimension defines size of cluster



Effect of D on the Elastic Modulus




Determination of the
Fractal Dimension by
Rheological Means



Weak-link Theory - Fat Crystal Networks

Developed for colloidal gels and adapted to
fat crystal networks by our group:

G’ ~ D ~ ADYED)

G’ = dynamic shear elastic modulus (storage modulus)

A = constant which depends on particle properties and
particle-particle interactions
® = solids’ volume fraction of fat sample
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Viscoelasticity of Fats

G”/G’~0.1
Shear strains of ~ 0.1% or less

G’ frequency-independent



Storage Modulus (Pa)
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SFC (%)
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Yield Value/g cm™

Cocoa Butter

SFC/%
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® (SFC/100)

1 Dilution

1 r*=0.938

1 D=2.70
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The fractal dimension (D) and A
three samples used in this study, ¢
different methods.

parameter* for the
etermined by three

D A (Pa) e
AMF4 | 2.83 | 1.254 x 10° | 0.7125
AMF, | 2.65 |8.264 x 10" | 0.9185
AMF. | 2.68 |8.121 x 10° | 0.9380
CBy | 2.72 | 1.631 x 10° | 0.4787
CB; | 2.51 | 4.358 x 10" | 0.8060
CB. | 2.62 |2.186 x 10" | 0.6971
CIEy | 2.81 |5.295 x 10° | 0.8622
CIE; | 2.71 | 1.283 x 10° | 0.8784
CIE. | 2.76 | 1.540 x 10’ | 0.9876

4 indicates dilution method using small deformation oscillatory rheology
: indicates thermo-mechanical method using small deformation oscillatory rheology
. indicates thermo-mechanical method using cone penetrometry

*The parameter A is inversely proportional the size of the primary particles and directly

proportional to the strength of their van der Waals’ interactions
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