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IntroductionIntroduction

 Drying is probably the oldest method of 
preserving foods.

 Nowadays, drying is also a method for 
increasing added value of foods.

 Particular attentionattention has been given togiven to
drying fruits and vegetablesfruits and vegetables.
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IntroductionIntroduction

Diversified 
products

Breakfast cereals
Bakery

confectioneryDairy products
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IntroductionIntroduction

Loss of water and volatiles

Major structural changesstructural changes

Textural changesTextural changes

Different sensory characteristicsDifferent sensory characteristics
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IntroductionIntroduction

Fresh 
characteristics

Consumer’s interest
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IntroductionIntroduction

 Air drying is a relatively well-studied 
process.

Pilot plant tray drier (Armfield UOP8).
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IntroductionIntroduction

 Solar drying – a particular example.

Scheme of a solar dryer.
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OutlineOutline

 Micro and Macrostrural ChangesMicro and Macrostrural Changes

 Physical ChangesPhysical Changes

PorosityPorosity
DensityDensity

 TextureTexture

 Case StudyCase Study
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Micro and Macrostructural ChangesMicro and Macrostructural Changes

Loss of water Segregation of
components

Rigidity of cell walls

Damage and disruption of cell walls

Collapse of cellular tissue

‘Case hardening’

VolumeVolume
reductionreduction
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Micro and Macrostructural ChangesMicro and Macrostructural Changes

Microstructure studies may improve the:

understanding of drying mechanisms and

knowledge of food properties

Qualitative and QuantitaveQuantitave information
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Micro and Macrostructural ChangesMicro and Macrostructural Changes

Food Microstructure

Perceived characteristics

UnderstandingUnderstanding
Produce attractiveProduce attractive

productsproducts
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Micro and Macrostructural ChangesMicro and Macrostructural Changes

 Use of microscopy, complemented with image 
analysis.

 Loss of water originates a reduction in the size of 
the cellular tissue

Shinkage phenomena

Depends on:Depends on: drying method
drying conditions

Affects:Affects: heat and mass transfer characteristics 

DryingDrying
modelsmodels
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Physical ChangesPhysical Changes

 Porosity.

 Particle Density.

 Bulk Density.
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Physical ChangesPhysical Changes

 PorosityPorosity.

Drying                 Porosity

models

• Pore size and pore size distribution

• Total porosity    and open pore porosity

 contentwaterf
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 DensityDensity.

Drying                 Density           Water 
content
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Physical ChangesPhysical Changes

 DensityDensity.

Drying                 Density           Water 
content

• a decrease sometimes is observed, 
because an increasing number of pores 
become closed
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TextureTexture

 A difficult property to defineA difficult property to define.
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TextureTexture

Perceived texturetexture

OralOral processes

Food structure

Wilkinson et.al., 2000

Psychology

Oral physiology

Physics / chemistry

Sensory, 
Psychophysical

Physiological

Instrumental
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Case StudyCase Study

Quantification of MicrostructuralQuantification of Microstructural
Changes During Air drying of Changes During Air drying of 

Grape TissueGrape Tissue

Ramos et.al., 2002
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Case StudyCase Study

Preparative Techniques of Moruca Red 

seedless grapes.
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Case StudyCase Study

Solar Drier.
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Case StudyCase Study

• Introduce a microstructural approach in
convective drying of fruits.

• Monitor physical microstructural changes during
air drying of grape quarters.

• Quantify cellular shrinkage.

OBJECTIVESOBJECTIVES

Ramos et.al., 2002
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS
Samples:

 Ruby grapes (Vitis vinifera) quarters of 2.4 cm     
diameter

 water content in a vacuum oven at 70C = 
80.63%  0.14 (w/w) 

 cellular walls stained with methylene-blue 
0.034%, during 15 s

Ramos et.al., 2002
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS

Drying Experiments:

 Control of temperature, relative air humidity:

20, 30, 40, 50, 60°C 

 for approximately 2 hours 

 air velocity = 1.6  0.11 m/s

Ramos et.al., 2002
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS

Stero-microscope with video camera and air-
drying tube.

Ramos et.al., 2002
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS

Microstructure and Image Analysis:

 magnification of 25X

 20 cells selected

 softwares Paint Shop Pro 4.12 and 

UTHSCA Image Tool 2.0 

Ramos et.al., 2002
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS

Microstructure and Image Analysis:

Parameters:

Dimensional: areaarea, perimeterperimeter, 

majormajor and minor axis lengthminor axis length

Feret diameterFeret diameter -

Ramos et.al., 2002


areaFD 
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Case StudyCase Study

MATERIALS AND METHODSMATERIALS AND METHODS

Microstructure and Image Analysis:

Shape: elongationelongation

roundnessroundness

compactnesscompactness

Ramos et.al., 2002
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Case StudyCase Study

RESULTS AND DISCUSSIONRESULTS AND DISCUSSION

Images of grape cells shrinkage at 40°C as a 
function of time.

Ramos et.al., 2002
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Case StudyCase Study

•• Disruption of cellular walls/Disruption of cellular walls/

•• Cellular collapse / Cellular collapse / 

•• Surface progressively more brilliant Surface progressively more brilliant 
with the gradual increase of liquid water.with the gradual increase of liquid water.

Ramos et.al., 2002
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Case StudyCase Study

 Dimensional parameters showed an exponential  Dimensional parameters showed an exponential  
decrease with drying timedecrease with drying time

 Temperature accelerates the rate of changeTemperature accelerates the rate of change

Ramos et.al., 2002
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Case StudyCase Study
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Case StudyCase Study
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Case StudyCase Study

Cellular parameters k40C x 10-3 (min-1) Ea (kJ/mol)

Area 1.46  0.05 3.1  0.3
Perimeter 0.89  0.05 3.1  0.4
Major axis 0.88  0.05 2.9  0.3
Minor axis 0.95  0.05 3.6  0.7
FD 0.91  0.04 3.3  0.3

Ramos et.al., 2002
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Case StudyCase Study

CONCLUSIONSCONCLUSIONS

StereoStereo--microscopymicroscopy is a usefuluseful nonnon--invasiveinvasive tooltool in studying drying.

Ramos et.al., 2002
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Case StudyCase Study

CONCLUSIONSCONCLUSIONS

Stereo-microscopy is a useful non-invasive tool in studying drying.

Cells dimensions suffered modifications during drying, but their shape
remained unchanged.

Area, perimeter, major and minor axis length and Feret diameter presented
an exponential decrease with drying time and a first-order model was well
fitted. Within the studied range, temperature increased the rate of cellular
shrinkage and this effect followed an Arrhenius type behavior.

There was no consistent trend of cellular elongation, roundness or
compactness with time or temperature.

The study of drying at microscopic level will certainly contribute to better
understand its mechanisms.

Ramos et.al., 2002
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structural  changes during air drying.

 Relating physical properties, and particularly 
texture, with microstructure is a relatively new 
area.

 Correlating microstructure, texture Correlating microstructure, texture 
measurements and sensory analysis is an measurements and sensory analysis is an 
attractive area.attractive area.
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Final RemarksFinal Remarks

 There is still a lack of information concerning 
structural  changes during air drying.

 Relating physical properties, and particularly 
texture, with microstructure is a relatively new 
area.

 Correlating microstructure, texture 
measurements and sensory analysis is an 
attractive area.

 Videomicroscopy and image analysis is an Videomicroscopy and image analysis is an 
interesting technique. interesting technique. 
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http://www2.esb.ucp.pt/twt/lopa/
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