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○SR-XRD measurement
unit:nm

CBS CBS

2% 2%
4% 4%
6% 6%
8% 8%
10% 10%
20% 20%

3.408(β’) 0.443(β’)
0.426(β’)

0.408(β’) 0.384(β’)0.458(β)

○Strain measurement

・LLL0~10%：β’
・LLL20%：β’+β

Excessive LLL Addition

→Promoting Polymorphic Transition
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LLL8%：the minimum strain value

Potential for Inhibition of 
Polymorphic Transition

Conclusion

○Increase in free energy due to accumulated strain

𝜀
𝜅

𝑉𝑚：Molar volume of the β’ form

(=6.2×10⁻⁴m³/mol)

：Bulk modulus of the β’ form

(=5.72GPa)

：Strain accumulated in β’ form
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Suppression of Fat Bloom in Compound Chocolate

The strain accumulated within the crystals decreased

with LLL addition.

→ The effect is greater than when an emulsifier is added.

There is potential for suppressing fat bloom in compound 

chocolate.

○Synchrotron Radiation X-ray Diffraction (SR-XRD)

measurement

<sample>
・CBS

・CBS+LLL

(LLLwt%：2,4,6,8,10,20wt%)
1mm

○Strain calculation method

𝛽：FWHM(degree) 𝜃：Bragg angles 𝜺：strain

 𝐾：Scherrer constant (= 0.9)

𝜆：wavelength(1.5Å)  𝐷：crystallite size

Williamson-hall plot

Peak analysis
Analysis software：OriginPro6J

Function：Gauss function
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Introduction

【Purpose】
Comparison of the crystallization behavior of 

CBS based on composition differences
→ Adding LLL, one of the main TAGs in CBS

<Previous study>
・crystallization temperature 

・viscosity
strain 

Another factor contributing to reduced strain

is attached by the composition of CBS.

Fat bloom(CBS)

ββ’ Polymorphic Transition

strain

・ strain(-)
21.5

(±0.125)
2.85×10⁻²

(±2.97×10⁻⁴)
lecithin
0.8wt%

19.0
(±0)

2.50×10⁻²
(±5.73×10⁻⁴)
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crystallization temperature viscosity

FWHM(degree)
① ② ③

CBS 0.3968 0.5546 0.6228
LLL8% 0.3649 0.4229 0.3266

CBS

<temperature process> SR-XRD measurement

BL-6A at PF (KEK)
・λ：1.5 Å
・exposure time ：25 s

・temperature：5 ℃

Slope：ε²

<Comparing of FWHM>

①
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