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How does it look inside?



?





Quality Parameters
nondestructive measurement

• Surface colour
• Surface defects
• Size
• shape
• Rigidity
• Texture
• Density
• Ripeness

• Temperature defects
• Internal cavities
• Internal inclosures 

(Insects, particles)
• Physiol. losses, internal 

browning
• Chemical composition?
• Aroma?
• Flavour?



Non Destructive Techniques

• Acoustical properties
• Dielectrical behaviour 
• Optical imaging (colour, shape, size)
• Magnetical properties (MRI)
• Mechanical vibrations (pressure)
• Mikrowave (density, humidity)
• Light-reflexion, -transmission und –emission 

VIS/MIR/NIR
• X-Ray



Sorting parameters:

• Brix-value (total soluble)
• Glucose ?
• Fructose ?
• Sucrose?
• Acids (total acids) 
• Citric acid ?
• Malic acid ?
• Quinic acid ?
• Vitamin C ?

• Fibre
• Antioxidants ?
• Antimutagenes ?
• Secondary plant 

compounds ?
• Ripeness
• Water core
• Internal defects



Recent applications

• Pears, apples, melons: Brix and firmness with 
VIS-NIR

• Pine apples: fresh-cut fruit „fresh and old“
NIR/MIR

• Mango, Banana, peach: firmness, combination 
VIS-NIR with acoustical impulse technique

• Beef: tenderness with Vis-NIR imaging 
• Grapes: brix, fructose, pH-value, acidity
• Turkey, cut meat, classification



Firmness measurements
• Vibronational properties of fruit 

and vegetables
• (Ultra)-sonic or mechanical  

impulses between 0-3 KHz
• Resonance frequencies decrease 

with incresing ripeness. They 
are directly correlated to 
firmness, rigidity and hardness

• Good correlation to Magness-
Taylor firmness

• Not applicable to soft fruit and 
stone fruit

(super sonic)



Firmness measurement
Mechanical impulses via impact systems











Nuclear Magnetic Resonance NMR

Magnetic properties of atoms (nucleons) in tissue

• Nuclear spin – magnetical moment
• This spins are in line in an external magnetic field  (spin parallel 

or antiparallel)
• Äquilibrium being measured with radio frequency
• Signals spend informations about the  chemical environment of 

the nucleons of concern



NMR - techniques

NMR-Imaging and other techniques
• Internal structure
• Fruit flesh browning
• Fat, sugar, water
• Ripeness
• Dry regions and dry weight



NMR



NMR















Fluorescence and Delayed Light 
Emission (DLE)

Chlorophyll (ex. at 455 nm, 680 nm; em. at 
650-750 nm, maximum at 690 nm, 

Shoulder at 735 nm)
• Fluorescence: photo system II, 1-3 sec, in 

tissue and in solutions
• DLE: only in intact chloroplasts, ms to min
• Ripeness, loss by heat and chill, 

physiological disorders



X-ray Imagimg

• Tissue damage in plant tissue
• Insects, internal defects (water core, frut 

flesh browning, translucence in pine apples, 
chilling injuries, dry areas in orange

• Ripeness of peaches, mangoes, letuce



Near-Infra-Red-Spectroscopy

• UV/VIS: 100 – 750 nm
• NIR: 750 – 2500 nm (CH, OH, NH, over 

tones)
• MIR: >2500 nm
• Dry weight, proteins, sugars, acids, injuries 

like flesh browning, water inclusions, 
ripeness

• Japan, USA, NZ, Israel
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•• 1 cm1 cm²² = 7146 pixel= 7146 pixel22

• Total defect 
area:41000 pxl.

• Total apple area:       
295000 pxl.

•• Relative defect Relative defect 
area:  14  %area:  14  %

• Defect classes:
• class 0:             0  %
• class 1:     0 – 5  % 
• class 2:     5 – 10  %
• class 3:   10 – 25  %
• class 4:   25 – 50 %

NIR Diode Laser NonNIR Diode Laser Non--Destructive AnalysisDestructive Analysis
Quantifying Defects using Image RecognitionQuantifying Defects using Image Recognition

6284 pxl

254 pxl

3056 pxl

29920 pxl

295131 pxl

1311 pxl

7146 pxl



Fruit flesh firmness of apples
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Comercial Sorting via NIR



Comercial sorting via NIR



Comercial sorting via NIR



Sorting by internal injuries



Electronic nose and electronic 
tongue

• Imitation of sensorial human cells in the 
nose and on the tongue with bio sensors for 
sweet, acid, salty and bitter

• Recognition of quality levels in water phase
• Recognition of flavour (chemical 

compounds) in the gas phase



Electronic nose, electronic tongue

• Semiconducting metal oxides
• Electical conducting polymers
• Sensors, which use a mass effect with two 

groups of vibrational quartz sensors 
(QMB/QCM sensors) and surface waves 
sensors (SAW sensors)

• Ion selective electrodes







Thank you for your attention



Laser diodes

Laser mirrors

Lenses

Receiver

Detector







8 0 08 5 09 0 0
N a n o m e t e r s

0
5

10
15

20
25

C
O

U
N

TS
*1

00
0



Internal injuries of apples
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NMR
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