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NMR Relaxometry & MRI

MRI

Relaxometry



Why important in food research?
The non-invasive, non-destructive  nature of both methods and the fact 
that  both qualitative  and quantitative  data on physical  and chemical  
properties  of a wide range of specimen can be gathered, have made 
NMR relaxometry  and MRI popular  in food-related  applications .
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Magnetic Resonance Imaging
How do we actually perfom MRI Imaging ? 

In photography , there is an object and a light  source 
that  emits light . The light  is reflected  off  the object and 
is then received by a photographic  plate  within  a 
camera. This, of course, is utilization  of the visible  light  
window  of the electromagnetic  spectrum. Visible  light  
does not penetrate  the object, but  instead is reflected  
off  of it.

In MRI, low -frequency radio waves 
penetrate  the tissue and reflect  
back off  magnetized spins within  
the object.



Contrast ąA Difference in Internsity

In the figure , an MR image of two  peaches is given. 

Some areas of the images are displayed lighter , 
some are darker .

This is the result  of changing  signal  intensities  
coming from different  parts  of the peach. 

Thus, the change in tone is a function  of  T1, T2 and 
proton  density

Variations  in chemical content and cellular
structure cause changes in T1 and T2 data 
differentiating  local signals received from the 
material .

Contrast  in an Image 



Contrast ąA Difference in Internsity
Signal Intensity in an Image

Å Spin-Lattice Relaxation Time, T1

Å Spin-Spin Relaxation Time, T2

Å Spin Density, ʍ
Å T2*

Å Repetition Time, TR
Å Echo Time, TE
Å Inversion Time, TI

Å Flip  Angle, ʃ
Å T2*

Intristric  variables Intristric  variables

T2* falls  on both  lists  because it  contains  a 
component  dependent  on the  homogeneity  of  the  
magnetic  field  and the  the  molecular  motions . 



Contrast ąA Difference in Internsity
Signal Intensity in an Image
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Contrast ąA Difference in Internsity
Signal Intensity in an Image



Contrast ąA Difference in Internsity
Signal Intensity in an Image

oil

Oil supressed

Water
water supressed



T1 Inversion Contrast



T1 Inversion Contrast
How theory works in practice ? 

Effect of Acquisition Parameters

By changing the acquisition parameters, it is possible to gather images that  are more T1, T2, 
proton  density  weighted  or  a mix  of  three . 
In the figure , three images of the same tomato  are given with  different imaging parameters.

T1 weighted 
TR = 600 ms 

TE = 6 ms

T2 weighted 
TR = 3500 ms 

TE = 55 ms

Proton density 
weighted 

TR = 3500 ms 
TE = 6 ms



Applications

TE = 12 ms and TR = 2000 ms.

Analysis of Postmortem Muscle

Spin Echo Image Fat suppressed 
Image

Water suppressed 
Image



Applications
Hydrogel Swelling

??  Grams

Swelling Ratio %:   [Mt -M0]/M0
Mt -> mass at time t
M0-> mass at time 0

MnCl2



Applications
Hydrogel Swelling



Applications
Hydrogel Swelling
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MR Imaging :  Swelling @ pH 7.0



Applications
Hydrogel Swelling
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MR Imaging :  Swelling @ pH 7.0



Applications
Hydrogel Swelling

MR Imaging :  Swelling @ pH 2.5
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Applications
Hydrogel Swelling
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MR Imaging :  Swelling @ pH 7.0
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Applications
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Applications
Digestion Studies



Applications
Digestion Studies





Applications

F1 F3 F4 F5

Oil migration



Applications

Oil migration
F1 F2 F3 F4 F5

Representative samples for each type of 
chocolate formulation  over hazelnut paste

SIEMENS, 3T MRI instrument

The samples were stored at 30 ± 0.5 °C for MR measurements.
Spin echo sequence (SE) with a repetition time (TR) of 800 ms
and echo time (TE) of 13 ms with 3T system (SIEMENS
MAGNETOM Trio, Germany) were used.

Sample Cocoa 
mass 
(gr)

Cocoa 
butter  
(gr)

Sugar 
(gr)

Splenda  
(gr)

Stevia 
(gr)

Inulin  
(gr)

Lecithin  
(gr)

Maltodextrin  
(gr)

F1 40 25 14 - - 15 0.5 5
F2 40 25 14 0.5 - 15 0.5 5
F3 40 25 14 0.5 15 0.5 5
F4 40 25 - 0.5 - 15 0.5 19
F5 40 25 - - 0.5 15 0.5 19



Applications

Oil migration

Representative MR profiles during storage



Applications
Oil migration

Day 1

Mathematical Modeling of Heat and Mass Transfer

Day 2

Day 3

Day 5

Day 7

Chocolate
Peanut butter



Applications
Oil migration

Mathematical Modeling of Heat and Mass Transfer

MODEL 1 MODEL 2

Initial condition
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Applications
Oil migration

Mathematical Modeling of Heat and Mass Transfer
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Applications
Oil and Moisture Distribution

Using multi -slice-multi -echo images with  
NMR relaxometry  to assess water  and fat 
distribution  in coated chicken nuggets .

(LWT - Food Science and Technology 55 (2014) 690 -694)










