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Chocolate: Thermal analysis and microscopy.
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Introduction

Chocolate is a multi-phased semi solid dispersion of sugar particles in a sea of fat. To 

improve quality assurance and to innovate by creating new products with attractive 

properties, it is essential to have tools to visualise this complex material and spatially 

resolve its composition on the micron scale.

Perkin Elmer’s IR microscopy technology may be a way of achieving this goal with 

advantages of ease of use and minimal sample preparation time whilst still providing 

information on the components of interest

Confocal microscopy of chocolate

In dark chocolate the size and shape of the sucrose particles can be identified. 

Coating of the cocoa butter (triglyceride fat) complicates the appearance of images 

(see typical carbonyl absorbance).

In future work, subtraction of the signal from pure cocoa butter may improve the 

images.

16x1 linear array with 

Z-fold geometry allows 

25 or 6.25μm pixel 

resolution 
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Comparison with Calorimetry (DSC)

Crystalline lactose and sucrose mixture 

Total absorbance image

PCA image

Sucrose Lactose

The colour of the circles in the PCA 

image match the colours used to 

display the spectra

The spectra below match the 

spectra taken of the pure sugars 

on the same instrument.

Mixture image compared with 

co-added spectra from pure 

sucrose image

Mixture image compared with co 

added spectra from pure lactose 

image  

Sucrose

Sucrose Lactose ?

As can be clearly seen, the two sugars can be 

distinguished with the help of the PCA tool.

Symbol Ingredient 

Sucrose particles approx 20µm

Cocoa solids

Milk solids

Fat matrix – semi solid (background)
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Component
Milk Chocolate 

(%w/w)

Dark 

Chocolate 

(%w/w)

Cocoa mass (Cocoa 

solids, cocoa butter) 11.8 39.6

Added Cocoa butter 20.0 11.8

Sugar 48.7 48.1

Lecithin 0.4 0.4

Flavour Compounds 0.1 0.1

Whole Milk Powder 19.1 -

Total Fats 31.5 36.4

Jackson: Industrial Chocolate Manufacture and Use, ed. 

Beckett, 1999: 342
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Confocal scanning laser micrograph 

of milk chocolate manufactured 

using roller-dried milk powder and 

dual labelled with Nile 

Red/Rhodamine B. 

Triple excitation image showing (a) 

fat (blue), (b) protein (light green), 

(c) cocoa solids (red) and (d) sugar 

crystals (unstained /dark green); 

scale bar = 10 µm.

Mark Auty et al Journal of Dairy 

Research (2001) 68 417 -427

The disadvantage is that preparation involves many steps, using stains and 

sectioning which has the potential to perturb the material
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E.O. Afoakwa et al. / Food Research 

International 42 (2009) 200–209

http://www.acornadvisors.com/2008_KNews/2

008_02_07_Chocolate/PT_Chocolate_Modus_O

perandi.html

Image taken with sample at -5°C 

using nitrous oxide at ~100Pa 

(0.8 torr) as imaging gas. 

Scale bar is 50 µm.

B. James / Trends in Food Science &

Technology 20 (2009) 114-124

• White solid carbohydrate

• A sugar that constitutes 2–8% w/w

of milk.

• C12H22O11

• Molecular wt.= 342.29 g/mole

• Final Solubility = 18g/100mL in

water (25°C).

— solubility of α = 8g/100mL

— solubility of β = 50g/100mL

• exists in α and β anomers which 

undergo a mutarotation 

phenomenon.

α-lactose

β-lactose

• α-lactose monohydrate Batch # 056k0718 (Sigma Aldrich, UK).

• Sucrose ≥ 99.5 purity, Batch # 077k00851 (Sigma Aldrich).

• Chocolate samples were shop-bought chocolate

• IR microscopy using PerkinElmer Spotlight FT-IR/NIR Imaging

The typical composition of chocolate is 

well documented and described below. 

The precise nature of the dispersion has a 

impact on product quality and perception 

of taste .

A sucrose: lactose mixture was prepared in the ratio of 90:10 i.e. 1.8 g of crystalline 

sucrose were mixed with 0.2 g of crystalline lactose. This was imaged using the 

PerkinElmer Spotlight IR microscope system giving a total absorbance image. This 

was also processed to obtain a PCA image, displayed as the top three scores as an 

RGB image.

Close match between mixture and pure 

sample

Very close match between mixture and pure 

sample

Thermal analysis methods 

can also be used and have 

successfully been applied 

to measure characteristics 

of chocolate. In particular 

the polymorphic form, 

which exhibits differing 

temperature transitions.

Chocolate (85% dark) and 

milk chocolate were imaged. 

Absorbance and PCA images 

again showing regions with 

characteristic spectra for 

Sucrose and Lactose.

Aim

The aim of this brief investigation was to evaluate the capabilities of IR microscopy –

in particular to identify and spatial resolution of the various components of 

commercially available chocolate bar, using imaging and PCA (principle component 

analysis) tools.

Composition of Chocolate Materials and Methods

• White solid carbohydrate

• C12H22O11

• Molecular Wt. = 342.30 g/mole

• Melting point = 186°C

•Density = 1.587 g/cm³

• Solubility in water =200 g/100mL 

(25°C).

Sucrose

Lactose

Results (Sugars) Results (Chocolate)

Conclusion

FT-IR Imaging

dark chocolate

milk chocolate

DSC Power compensation 




