
ENGINEERING PPROPERTIES OF FOOD AND BIOMATERIALS 

This course covers the concept of engineering properties based on various 
physical properties of food and biological materials. 

 

At the end of the course, students will be able to: 

 

1. Identify engineering properties of food and biomaterial 
2. Explain related measurement methods 
3. Relate engineering properties of food and biological material to process 

design and quality control 

 

Contents 
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Practical work: 2 hours 
Aims and objectives, basic categories of food and agricultural materials 
engineering properties, the importance of engineering properties of food 
and agricultural materials to food processing 
 

2. Physical and chemical properties 
Lecture: 1 hour 
Practical work: 2 hours 
Physical characteristics of food and agricultural materials: size, shape, 
volume, density, porosity, surface area 
Chemical properties: compositions of food and agricultural materials, 
sources of carbohydrates 
 

3. Mechanical properties 
Lecture: 2 hours 
Practical work: 4 hours 
Deformation of solid, apparent modulus of elasticity, testing methods, 
measurement equipment 



 
 

4. Rheological properties 
Lecture: 2 hours 
Practical work: 4 hours 
Newtonian and Non-Newtonian flow, textural profile of food analysis 
 

5. Frictional, Aerodynamic and Hydrodynamic properties 
Lecture: 1 hour 
Practical work: 2 hours 
Angle of repose, angle of internal friction, flow pattern, forces in bin, 
drag coefficient and terminal velocity  
 

6. Thermal properties 
Lecture: 2 hours 
Practical work: 4 hours 
Thermal conductivity, specific heat, thermal diffusivity, heat amount 
transferred 
 

7. Electromagnetic properties 
Lecture: 1 hour 
Practical work: 2 hours 
Electromagnetic, Dielectric constant and loss factor properties, Its 
application in design and operation of equipment processing  
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Physical properties (Structural and Geometric Properties) 
Chemical properties 
Mechanical properties (Strength properties) 
Rheological properties 
Frictional  properties 
Aerodynamic and hydrodynamic properties 
Thermal properties  
Electromagnetic properties 



1. Physical properties 
-  Shape, size, volume, surface area, density and porosity  
-  Knowledge on some of physical properties is necessary for 

the design of various separating, handling, storing and 
drying systems. 

2. Chemical properties 
-  Focus on chemical compositions and moisture content 
-  Knowledge on the composition of biomaterials is useful for 

estimating densities and thermal properties.  

3. Mechanical properties  
-  Focus on strength properties and testing such as 

compressive strength and deformation  



4. Rheological properties 
-  Focus on food texture and rheological characterization 
-  Knowledge of rheological properties of various food systems 

is important in the design of flow processes for quality 
control, in predicting storage, and in understanding and 
designing texture.  

5. Frictional properties 
-  Coefficient of friction, angle of internal friction and angle of 

repose  
-  Angle of repose and coefficient of friction are important in 

designing equipment for solid flow and storage structures. 
-  Angle of internal friction between seed and wall in the 

prediction of seed pressure on walls.  
-  Coefficient of friction is also important in designing storage 

bins, hoppers, chutes, screw conveyors, forage harvesters, 
and threshers.  



6. Thermal properties 
-  These properties are involved in almost every food 

processing operation. 
-  Such as specific heat, thermal conductivity and thermal 

diffusivity 
-  Knowledge of these properties helps in designing thermal 

process and calculating thermal load for canning, 
sterilization, pasteurization, cooking and many other 
processes. 

7. Aerodynamic and Hydrodynamic properties 
-    Terminal velocity and drag coefficient of agricultural 
products are important in designing of air/hydro conveying 
systems and separation equipment.   
-    Air is often used as a carrier for transport or for separating the 
desirable products, therefore terminal velocity and drag 
coefficient are needed for air conveying and pneumatic 
separation of materials.   



8. Electromagnetic properties 
-  Dielectric constant, dielectric loss factor and penetration 

depth  
-  Dielectric properties is important in determining the 

interaction between the food material being processed 
and the electromagnetic energy.  

-  Useful in designing and controlling thermal processing and 
moisture content determination. 



1)  Defining quantifying a decription of the biological / 
food materials. 

2)  Providing basic data for food processing + unit 
operation 

3)  Predicting behaviour of new food material. 







• Seed planting – one kind of seed or many kinds 
of seed 
• Need to know the size + shape for plate design 



Proofer Baking  



Info need to 
determine 
flowrate through 
pumping 
equipment 



!  Week 1:  3 Nov. – 7 Nov. 2015  
    (Tuesday to Friday) 
    - Lecture  
    8 Nov. 2015 (Saturday) 
    - Exam 1 

!  Week 2:  9 Nov. – 11 Nov. 2015 
    (Monday to Wednesday) 
    - Lecture 
    12 Nov. 2015 (Thursday) 
    - Exam 2 

    13 Nov. 2015 (Friday) 
    - Final Lecture + Summary of  

   assessment  



Total: 
100% 



Objectives:	
  
To	
  study	
  physical	
  properties	
  of	
  foods	
  and	
  agricultural	
  
products,	
  and	
  to	
  explore	
  the	
  significance	
  of	
  these	
  
properties	
  with	
  respect	
  to	
  the	
  following	
  applications:	
  

•	
  	
  Design	
  of	
  equipment,	
  e.g.,	
  line	
  sorting	
  machines,	
  
pumping	
  requirements,	
  etc.	
  
•	
  Development	
  of	
  sensors,	
  e.g.,	
  colour	
  and	
  weight	
  
sensors	
  in	
  line	
  sorters,	
  ultrasonic	
  fat	
  detection	
  etc.	
  
•Process	
  design,	
  e.g.,	
  thermal	
  treatments	
  



•  Physical	
  attributes:	
  Size,	
  Shape,	
  Sphericity,	
  Volume,	
  
Surface	
  area,	
  Density	
  and	
  Porosity	
  	
  

•  Rapid	
  and	
  accurate	
  determinations	
  of	
  physical	
  
properties	
  are	
  needed	
  in	
  processing	
  agricultural	
  
materials.	
  	
  

•  It	
  is	
  important	
  to	
  investigate	
  the	
  physical	
  of	
  foods/
agricultural	
  materials	
  to	
  gain	
  insights	
  on	
  how	
  they	
  
affect	
  the	
  quality	
  attributes.	
  

•  Physical	
  properties	
  are	
  normally	
  important	
  in	
  many	
  
food	
  materials	
  handling	
  and	
  processing	
  operations.	
  



!  Size,	
  shape	
  and	
  density:	
  Fruits	
  and	
  vegetables	
  grading,	
  
Food	
  materials	
  quality	
  evaluation	
  	
  

!  Bulk	
  density:	
  For	
  storage	
  and	
  	
  
transportation	
  

Application of physical properties 



Shape factor and surface area: Heating 
and cooling process- to predict the 
freezing and thawing rate 

Porosity: For shrinking mechanism – 
during drying 

Skeleton 
length 



Size	
  
•  Easy	
  to	
  specify	
  size	
  for	
  regular	
  particles,	
  but	
  for	
  irregular	
  particles	
  the	
  term	
  

size	
  must	
  be	
  arbitrarily	
  specified.	
  

•  Size	
  can	
  be	
  determined	
  using	
  the	
  projected	
  area	
  method.	
  	
  
–  three	
  characteristic	
  dimensions	
  are	
  defined:	
  

•  1.	
  Major	
  diameter,	
  which	
  is	
  the	
  longest	
  dimension	
  of	
  the	
  maximum	
  
projected	
  area;	
  

•  2.	
  Intermediate	
  diameter,	
  which	
  is	
  the	
  minimum	
  diameter	
  of	
  the	
  
maximum	
  projected	
  area	
  or	
  the	
  maximum	
  diameter	
  of	
  the	
  minimum	
  
projected	
  area;	
  and	
  

•  3.	
  Minor	
  diameter,	
  which	
  is	
  the	
  shortest	
  dimension	
  of	
  the	
  minimum	
  
projected	
  area.	
  

•  Length,	
  width,	
  and	
  thickness	
  terms	
  are	
  commonly	
  used	
  that	
  correspond	
  to	
  
major,	
  intermediate,	
  and	
  minor	
  diameters,	
  respectively.	
  



Triaxial ellipsoid:  Dmax, Dinter and Dmin ,  

In a triaxial ellipsoid, all three 
perpendicular sections are 
ellipses, then; 

Dmax = 2a 

Dinter = 2b 

Dmin = 2c 



Measurement	
  equipment	
  :	
  
Micrometer	
  



Source data from 
Stroshine , R. 
(1998). Physical 
Properties of 
Agricultural 
Materials and food 
products. Purdue 
University  



Particle	
  Size	
  Distribution	
  

!  Examples	
  :	
  Powder,	
  sugar,	
  salt	
  and	
  other	
  fine	
  particles	
  
!  Particle	
  sizes	
  are	
  expressed	
  in	
  different	
  units	
  depending	
  on	
  the	
  size	
  range	
  

involved.	
  	
  
!  Coarse	
  particles	
  are	
  measured	
  in	
  millimeters,	
  fine	
  particles	
  in	
  terms	
  of	
  screen	
  

size,	
  and	
  very	
  fine	
  particles	
  in	
  micrometers	
  or	
  nanometers.	
  	
  
!  Particle	
  size	
  of	
  particulate	
  foods	
  -­‐	
  sieve	
  analysis	
  

A set of sieves with 
different opening 
sizes are used and 
opening sizes of 
sieves decreases 
from the top to the 
bottom 



Approximate	
  ranges	
  of	
  the	
  median	
  sizes	
  of	
  some	
  common	
  food	
  powders	
  

Commodity 	
   	
   	
  Microns	
  
Rice	
  and	
  barley	
  grains 	
   	
  2,800	
  –	
  2000	
  
Granulated	
  sugar 	
   	
   	
  500	
  -­‐	
  355	
  
Table	
  salt 	
   	
   	
  300	
  -­‐210	
  
Cocoa 	
   	
   	
   	
  75	
  -­‐	
  53	
  
Icing	
  sugar 	
   	
   	
  45	
  



Shape	
  
	
  To	
  characterize	
  food’s	
  shape:	
  roundness	
  and	
  sphericity	
  

!  Roundness	
  is	
  a	
  measure	
  of	
  the	
  sharpness	
  of	
  the	
  corners	
  of	
  a	
  solid	
  

OR	
  

Where,	
  r	
  =	
  radius	
  of	
  curvature	
  
R	
  =	
  radius	
  of	
  the	
  maximum	
  inscribed	
  circle	
  (m)	
  
N	
  =	
  total	
  number	
  of	
  corners	
  summed	
  in	
  numerator	
  



!  The	
  shape	
  of	
  a	
  food	
  material	
  is	
  usually	
  expressed	
  in	
  terms	
  of	
  its	
  sphericity	
  and	
  aspect	
  
ratio.	
  

!  Sphericity	
  or	
  shape	
  factor	
  is	
  the	
  degree	
  to	
  which	
  an	
  object	
  resembles	
  a	
  sphere.	
  It	
  is	
  
defined	
  as	
  the	
  ratio	
  of	
  the	
  volume	
  of	
  triaxial	
  ellipsoid	
  to	
  the	
  volume	
  of	
  sphere	
  with	
  
D=	
  Dmax	
  with	
  a	
  power	
  of	
  one	
  third.	
  	
  

Assuming	
  that	
  the	
  volume	
  of	
  the	
  solid	
  
sample	
  is	
  equal	
  to	
  the	
  volume	
  of	
  the	
  
triaxial	
  ellipsoid	
  with	
  diameters	
  equal	
  to	
  
major,	
  minor	
  and	
  intermediate	
  
diameter	
  

where	
  
Ø	
  =	
  sphericity,	
  
Ve	
  =	
  volume	
  of	
  the	
  triaxial	
  ellipsoid	
  with	
  
equivalent	
  diameters	
  (m3),	
  
Vc	
  =	
  volume	
  of	
  the	
  circumscribed	
  sphere	
  
(m3). 



!  Volume	
  of	
  the	
  triaxial	
  ellipsoid	
  :	
  

Then,	
  sphericity	
  is:	
  	
   φ =
abc( )1/3

a

Particle size depends on particle shape, which is rarely spherical. 
Particle (grain, seed) maybe compact, plate-like or needle like  





Volume	
  

!  SI	
  unit	
  of	
  volume	
  is	
  m3	
  

!  The	
  most	
  common	
  definitions	
  of	
  volume:	
  
!  Solid	
  volume/True	
  volume	
  (Vs)	
  –	
  volume	
  of	
  the	
  solid	
  material	
  (including	
  

water)	
  excluding	
  any	
  interior	
  pores	
  that	
  are	
  filled	
  with	
  air.	
  	
  
!  Apparent	
  volume	
  (Vapp)–	
  Volume	
  of	
  a	
  substance	
  including	
  	
  all	
  pores	
  within	
  

the	
  material	
  (internal	
  pores).	
  
!  Bulk	
  volume	
  (Vbulk)	
  –	
  is	
  the	
  volume	
  of	
  a	
  material	
  when	
  packed	
  or	
  stacked	
  in	
  

bulk.	
  	
  	
  
!  Volume	
  of	
  solids	
  can	
  be	
  determined	
  experimentally	
  by	
  liquid,	
  gas	
  or	
  solid	
  

displacement	
  



Density	
  

!  Density	
  =	
  Mass/Volume	
  =	
  m/V	
  
	
  	
  	
  	
  SI	
  unit:	
  kg/m3	
  
!  Density	
  can	
  be	
  expressed	
  in	
  different	
  forms.	
  

!  Solid	
  density	
  (ρS)	
  	
  -­‐	
  mass	
  per	
  unit	
  volume	
  of	
  the	
  solid	
  material	
  and	
  
excludes	
  any	
  interior	
  pores	
  that	
  are	
  filled	
  with	
  air.	
  	
  

!  Where	
   	
  ρi -  density of the i-th component 
	
   	
  mi	
  –	
  mass	
  fraction	
  of	
  the	
  i-th component	
  

!  Particle	
  density	
  (ρp)	
  -­‐	
  mass	
  of	
  a	
  particle	
  to	
  its	
  actual	
  volume.	
  Internal	
  
pores	
  are	
  included.	
  	
  

!  Bulk	
  density	
  (ρbulk)–	
  the	
  mass	
  per	
  total	
  volume	
  occupied	
  by	
  a	
  large	
  
quantity	
  of	
  particles.	
  Pores	
  space	
  among	
  particles	
  are	
  included.	
  	
  
If the volume of the internal pores is negligible, there is  

Solid density = Bulk density 



Pore within the food materials (internal pores) :  
(1) closed pore, (2) through pore and (3) blind pore 



!  Density	
  of	
  solids	
  and	
  liquids	
  change	
  moderately	
  with	
  changes	
  in	
  temperature	
  and	
  
pressure.	
  

!  The	
  density	
  of	
  food	
  materials	
  depends	
  on	
  temperature,	
  	
  and	
  also	
  depends	
  on	
  the	
  
major	
  food	
  components	
  (pure	
  water,	
  carbohydrate,	
  protein,	
  fat,	
  ash	
  and	
  ice);	
  

!  where;	
  densities	
  (ρ)	
  are	
  in	
  kg/m3	
  and	
  temperature(T)	
  are	
  in	
  ◦C	
  and	
  varies	
  between	
  
-­‐40	
  and	
  150◦C.	
  (Ref;	
  Based	
  on	
  Choi	
  and	
  Okos	
  (1986)	
  

!  The	
  density	
  can	
  be	
  determined	
  by	
  using	
  a	
  pycnometer,	
  etc.	
  	
  







Porosity	
  
•  It	
  is	
  the	
  measure	
  of	
  void	
  space	
  between	
  the	
  materials.	
  
•  Porosity	
  (ε)	
  is	
  the	
  percentage	
  of	
  the	
  total	
  volume	
  occupied	
  by	
  the	
  air	
  

Total	
  volume	
  =	
  Volume	
  occupied	
  by	
  particle/sample	
  +	
  Volume	
  occupied	
  
by	
  air	
  

•  Method	
  to	
  determine	
  porosity:	
  
–  Direct	
  method	
  –	
  porosity	
  is	
  determined	
  from	
  the	
  difference	
  of	
  bulk	
  

volume	
  of	
  a	
  piece	
  of	
  porous	
  material	
  and	
  its	
  volume	
  after	
  
destruction	
  of	
  all	
  voids	
  means	
  of	
  compression.	
  

–  Optical	
  method	
  –	
  porosity	
  is	
  determined	
  from	
  microscopic	
  view	
  of	
  
a	
  section	
  of	
  the	
  porous	
  medium.	
  



Shrinkage 

• Shrinkage is the reduction in volume or geometric 
dimensions during processing. 
• Isotropic – the uniform shrinkage of the materials under all 
geometric dimensions 
• Anisotropic (non-uniform) – develops in different 
geometric dimensions 

How it occurs? Moisture loss, during freezing, drying, 
frying etc.  



Source data for the following table is from –  
Stroshine , R. (1998). Physical Properties of Agricultural 
Materials and food products. Purdue University  











! Measurement	
  for	
  each	
  physical	
  properties	
  
!  Experimental	
  measurement	
  is	
  very	
  costly,	
  labour	
  
intensive	
  and	
  require	
  specialist	
  knowledge.	
  

!  Computer	
  model	
  –	
  there	
  is	
  a	
  need	
  for	
  models	
  that	
  can	
  
predict	
  complicated	
  phenomena	
  



Objective:	
  
To	
  understand	
  the	
  chemical	
  compositions	
  of	
  food	
  and	
  
agricultural	
  materials	
  

•  Knowledge	
   on	
   the	
   approximate	
   compositions	
   of	
   food	
   and	
  
agricultural	
  materials	
  is	
  useful	
  for	
  estimating	
  densities	
  and	
  thermal	
  
properties.	
  

•  Similarity	
  between	
  food	
  and	
  agricultural	
  materials	
  ;	
  Contains	
  5	
  main	
  
component	
  ;	
  
	
   	
  Water,	
  protein,	
  carbohydrates,	
  lipid	
  and	
  ash	
  	
  

•  Difference	
  in	
  the	
  composition	
  of	
  individual	
  components	
  	
  
•  Composition	
   of	
   food	
   and	
   agricultural	
  materials	
   not	
   only	
   influence	
  

nutritional	
   value	
   but	
   also	
   on	
   moisture	
   adsorption	
   and	
  
electromagnetic	
  properties.	
  



Water	
  

-­‐  Most	
  of	
  food	
  and	
  agricultural	
  materials	
  contain	
  significant	
  
amounts	
  of	
  water.	
  

-­‐  The	
  amount	
  of	
  water	
  is	
  important	
  because	
  it	
  can	
  affects	
  
market	
  value	
  and	
  length	
  of	
  time	
  they	
  can	
  be	
  successfully	
  
stored.	
  

-­‐  Moisture	
  content	
  also	
  affects	
  mechanical	
  properties,	
  
density,	
  frictional	
  properties	
  and	
  electromagnetic	
  
properties.	
  



Moisture	
  content	
  
-­‐  Moisture	
  content	
  expresses	
  the	
  amount	
  of	
  water	
  present	
  in	
  a	
  moist	
  

sample.	
  	
  
-­‐  	
  2	
  way	
  to	
  express	
  moisture	
  content;	
  

-­‐  Moisture	
  content	
  wet	
  basis	
  (MCwb)	
  
-­‐  Moisture	
  content	
  dry	
  basis	
  (MCdb)	
  

-­‐  Moisture	
  content	
  wet	
  basis	
  is	
  the	
  amount	
  of	
  water	
  per	
  unit	
  mass	
  of	
  
moist	
  (or	
  wet)	
  sample.	
  
	
  MCwb	
  =	
  mass	
  of	
  water	
  /	
  mass	
  of	
  moist	
  sample	
  (mass	
  of	
  water	
  +	
  
mass	
  of	
  dry	
  solids)	
  

-­‐	
  Moisture	
  content	
  dry	
  basis	
  is	
  the	
  amount	
  of	
  water	
  per	
  unit	
  mass	
  of	
  
dry	
  solids	
  (bone	
  dry)	
  present	
  in	
  the	
  sample	
  
	
  MCdb	
  =	
  mass	
  of	
  water	
  /	
  mass	
  of	
  dry	
  solids	
  



Carbohydrates	
  

-­‐  Starch,	
  sugar	
  and	
  gums	
  are	
  the	
  major	
  carbohydrates	
  in	
  our	
  
food	
  systems.	
  

-­‐  Sources	
  of	
  carbohydrates	
  –	
  these	
  include	
  such	
  as	
  wheat,	
  
maize,	
  rice,	
  potatoes,	
  sugar,	
  bread	
  etc.	
  

-­‐  The	
  function	
  of	
  carbohydrates	
  such	
  as	
  starch	
  and	
  sugar	
  are	
  
providing	
  the	
  energy	
  to	
  our	
  body.	
  	
  



Source data for the following table is from –  
Stroshine , R. (1998). Physical Properties of Agricultural 
Materials and food products. Purdue University  







Objectives:	
  
1. 	
  To	
  explore	
  the	
  significance	
  of	
  solid	
  foods	
  and	
  agricultural	
  
products	
  properties	
  with	
  respect	
  to	
  the	
  following	
  

! To	
  improve	
  quality	
  control	
  in	
  the	
  food	
  industry	
  
! To	
  correlate	
  consumer	
  acceptance	
  with	
  some	
  definite	
  property,	
  eg.	
  
Hardness	
  of	
  peanut	
  brittle	
  –	
  with	
  consumer	
  acceptance	
  

2. 	
  To	
  determine	
  mechanical	
  properties	
  through	
  tensile,	
  
compression,	
  shear	
  and	
  bending	
  test	
  

• It	
  is	
  useful	
  in	
  size	
  reduction	
  and	
  conveying	
  operation.	
  
• Mechanical	
  damage	
  to	
  fruits,	
  vegetables,	
  grains	
  and	
  seeds:	
  failure	
  
criteria;	
  	
  	
  external	
  forces	
  during	
  handling;	
  detection	
  and	
  evaluation	
  of	
  
damage	
  



Introduc)on	
  
•  Mechanical	
  properties	
  are	
  important	
  to	
  processing	
  
and	
  consumption	
  

•  Mechanical	
  properties	
  are	
  behaviour	
  of	
  food/
agricultural	
  materials	
  when	
  subjected	
  to	
  external	
  
forces.	
  

•  The	
  forces	
  acting	
  on	
  the	
  material	
  are	
  expressed	
  as	
  
stress.	
  	
  
–  Stress	
  is	
  defined	
  as	
  force	
  components	
  acting	
  on	
  a	
  body	
  
per	
  unit	
  cross-­‐sectional	
  area	
  or	
  area	
  of	
  the	
  deformed	
  
specimen	
  (N/mm2	
  or	
  Pa)	
  



!  3	
  stresses	
  that	
  characterize	
  foods	
  mechanically:	
  	
  
!  compressive	
  –	
  directed	
  toward	
  the	
  material	
  
!  tensile	
  –	
  directed	
  away	
  from	
  the	
  material	
  
!  shearing	
  –	
  directed	
  tangentially	
  to	
  the	
  material	
  

!  Shear	
  stress	
  is	
  the	
  most	
  prevalent	
  with	
  fluids	
  or	
  viscous	
  
materials	
  

!  Stress	
  can	
  act	
  on	
  food	
  at	
  different	
  mechanical	
  situations:	
  	
  
!  Static	
  –	
  constant	
  stress	
  or	
  strain	
  
!  Dynamic	
  –	
  varying	
  stress	
  or	
  strain	
  
!  Impact	
  –	
  stress	
  exerted	
  and	
  removed	
  after	
  a	
  short	
  period	
  of	
  
time	
  

!  Solid	
  foods	
  are	
  mechanically	
  characterized	
  by	
  
compression	
  tests	
  or	
  impact	
  tests.	
  
!  Equipment:	
  Universal	
  testing	
  machines	
  



! The	
  response	
  of	
  materials	
  to	
  stress	
  is	
  deformation,	
  
strain.	
  
!  Strain	
  is	
  the	
  change	
  in	
  size	
  or	
  shape	
  of	
  a	
  body	
  in	
  
response	
  to	
  the	
  applied	
  force.	
  

!  Strain	
  is	
  a	
  dimensionless	
  ratio.	
  

! The	
  relationship	
  between	
  stress	
  and	
  strain	
  is	
  
known	
  as	
  rheology	
  
!  Rheology	
  –	
  a	
  science	
  devoted	
  to	
  the	
  study	
  of	
  
deformation	
  and	
  flow	
  



!  A	
  material	
  can	
  deform	
  in	
  3	
  ways:	
  elastic,	
  plastic	
  or	
  viscous.	
  
!  (1)	
  Elastic	
  deformation	
  

!  Young’s	
  modulus,	
  E	
  

!  (2)	
  Plastic	
  deformation:	
  deformation	
  does	
  not	
  occur	
  as	
  
long	
  as	
  the	
  stress	
  is	
  below	
  a	
  limit	
  value	
  of	
  yield	
  stress.	
  
Deformation	
  is	
  permanent.	
  

!  (3)	
  Viscous	
  deformation:	
  deformation	
  (flow)	
  occurs	
  
instantly	
  with	
  the	
  application	
  of	
  stress	
  and	
  it	
  is	
  
permanent.	
  The	
  rate	
  of	
  strain	
  is	
  proportional	
  to	
  the	
  
stress.	
  (Details	
  on	
  Rehologicsl	
  properties)	
  

!  Deformation	
  depends	
  on	
  many	
  factors	
  
•  Rate	
  of	
  applied	
  force	
  
•  Previous	
  loading	
  
•  Moisture	
  content	
  
•  Biomaterial	
  composition	
  



! Classification	
  of	
  rheology	
  

Mechanical-­‐rheological	
  behaviour	
  of	
  fluid	
  or	
  
viscous	
  foods	
  is	
  the	
  flow	
  behaviour:	
  	
  

Newtonian	
  or	
  non	
  Newtonian	
  
Pseudoplas;c	
  and	
  Bingham	
  
Will	
  discussed	
  in	
  details	
  in	
  Lecture	
  6	
  

Knowledge on rheological and 
mechanical properties of food systems; 
- In design of flow processes for quality 
control 
- in predicting storage and stability 
measurements, 
- in understanding and designing texture. 



Normal	
  stress	
  (σ)is	
  the	
  force	
  applied	
  perpendicular	
  to	
  the	
  
plane	
  per	
  unit	
  area.	
  
	
  -­‐	
  Tensile	
  or	
  compressive	
  stress	
  

Shear	
  stress	
  (τ)	
  is	
  the	
  force	
  applied	
  parallel	
  to	
  the	
  plane	
  per	
  
unit	
  area	
  

Deforma)on	
  of	
  material	
  

a)  Tensile	
  and	
  
compressive	
  normal	
  
stress	
  

b)  Shear	
  stress	
  



! Stresses	
  and	
  strain	
  can	
  also	
  be	
  described	
  as	
  
dilatational	
  or	
  deviatoric.	
  	
  

! Dilatation	
  stress	
  or	
  strain	
  causes	
  change	
  in	
  
volume.	
  

! Deviatoric	
  stress	
  or	
  strain	
  causes	
  change	
  in	
  
shape	
  but	
  negligible	
  changes	
  in	
  volume	
  

V0	
  =	
  Initial	
  volumes;	
  Vf	
  =	
  Final	
  volumes	
  



Strain	
  can	
  be	
  categorized	
  into	
  2	
  groups:	
  
Normal	
  strain	
  and	
  Shear	
  strain	
  

»  Normal	
  	
  strain	
  is	
  the	
  change	
  in	
  length	
  per	
  unit	
  
length	
  in	
  the	
  direction	
  of	
  the	
  applied	
  normal	
  stress	
  

»  Shear	
  strain	
  is	
  defined	
  as	
  the	
  change	
  in	
  the	
  angle	
  
formed	
  between	
  two	
  planes	
  that	
  are	
  orthogonal	
  prior	
  
to	
  deformation	
  as	
  a	
  result	
  of	
  the	
  application	
  of	
  stress	
  

Stress-­‐strain	
  curve	
  for	
  
compression	
  of	
  a	
  food	
  
material	
  



!  Plastic	
  strain	
  –	
  strain	
  that	
  is	
  not	
  recovered	
  during	
  unloading	
  
!  Elastic	
  strain	
  –	
  strain	
  that	
  is	
  recovered	
  during	
  unloading	
  
!  Degree	
  of	
  plasticity	
  –	
  the	
  ratio	
  of	
  plastic	
  strain	
  to	
  total	
  strain	
  when	
  a	
  

material	
  is	
  loaded	
  to	
  a	
  certain	
  load	
  and	
  unloaded	
  	
  
!  Degree	
  of	
  elasticity	
  –	
  the	
  ratio	
  of	
  elastic	
  strain	
  to	
  total	
  strain	
  
!  Material	
  that	
  showing	
  elastic	
  behaviour	
  is	
  known	
  as	
  Hookean	
  

solid.	
  	
  
!  Young’s	
  Modulus	
  or	
  Modulus	
  of	
  elasticity	
  (E):	
  defined	
  as	
  the	
  ratio	
  of	
  

normal	
  stress	
  to	
  strain	
  

!  Shear	
  modulus	
  or	
  Modulus	
  of	
  rigidity	
  (G)-­‐	
  describe	
  relationship	
  
between	
  the	
  shear	
  stress	
  and	
  shear	
  strain.	
  

!  Force	
  applied	
  from	
  all	
  directions	
  -­‐	
  results	
  in	
  a	
  volume	
  change,	
  
!  Modulus	
  -­‐	
  bulk	
  modulus	
  (K).	
  It	
  describes	
  response	
  of	
  solid	
  to	
  dilatational	
  

stresses	
  



!  Poisson’s	
  ratio	
  (µ):	
  
!  When	
  a	
  material	
  is	
  compressed	
  in	
  one	
  direction,	
  it	
  usually	
  tends	
  to	
  expand	
  in	
  the	
  

other	
  two	
  directions	
  perpendicular	
  to	
  the	
  direction	
  of	
  compression	
  
!  The	
  Poisson	
  ratio	
  is	
  the	
  ratio	
  of	
  the	
  fraction	
  (or	
  percent)	
  of	
  expansion	
  divided	
  by	
  

the	
  fraction	
  (or	
  percent)	
  of	
  compression,	
  for	
  small	
  values	
  of	
  these	
  changes.	
  

!  Bioyield	
  point	
  is	
  defined	
  as	
  the	
  point	
  at	
  which	
  an	
  increase	
  in	
  
deformation	
  is	
  observed	
  with	
  a	
  decrease	
  or	
  no	
  change	
  of	
  force.	
  
Bioyield	
  point	
  is	
  an	
  indication	
  of	
  initial	
  cell	
  rupture.	
  
!  Corresponds	
  to	
  a	
  failure	
  in	
  the	
  microstructure	
  of	
  the	
  sample.	
  

!  Rupture	
  point	
  is	
  a	
  point	
  on	
  the	
  stress-­‐	
  strain	
  or	
  force-­‐
deformation	
  curve	
  at	
  which	
  the	
  axially	
  loaded	
  specimen	
  
ruptures	
  under	
  a	
  load.	
  	
  
!  Corresponds	
  to	
  a	
  failure	
  in	
  the	
  macrostructure	
  of	
  the	
  specimen.	
  



Apparent	
  modulus	
  of	
  elas)city	
  
!  For	
  biological	
  materials,	
  the	
  apparent	
  modulus	
  of	
  
elasticity	
  is	
  used	
  to	
  relate	
  stress	
  to	
  strain.	
  

! Defined	
  using	
  secant	
  or	
  tangent	
  definition.	
  
!  Secant	
  definition-­‐	
  the	
  apparent	
  modulus	
  of	
  elasticity	
  
is	
  the	
  ratio	
  of	
  the	
  stress	
  to	
  the	
  strain	
  at	
  a	
  given	
  point.	
  

! Tangent	
  definition	
  –	
  the	
  slope	
  of	
  the	
  stress-­‐strain	
  
curve	
  at	
  a	
  given	
  point	
  on	
  the	
  curve	
  





Stress	
  –strain	
  curves	
  for	
  uniaxial	
  compression	
  



Viscoelas)c	
  behavior	
  

•  Viscous	
  fluid	
  generally	
  exhibit	
  viscosity	
  while	
  solids	
  
exhibit	
  elas7city.	
  

•  Some	
  foods	
  show	
  both	
  viscous	
  and	
  elas7c	
  proper7es	
  
which	
  know	
  as	
  viscoelas7c	
  materials,	
  when	
  
undergoing	
  deforma7on.	
  

•  Examples:	
  Viscoelas7c	
  material	
  –	
  wheat	
  flour	
  dough	
  
	
  	
  	
  	
  Viscoelas7c	
  foods	
  –	
  dairy	
  cream,	
  ice	
  cream	
  mix,	
  
cheese	
  and	
  most	
  gelled	
  products	
  	
  

•  There	
  are	
  different	
  methods	
  to	
  study	
  viscoelas7c	
  
materials	
  :	
  stress	
  relaxa7on	
  test,	
  creep	
  test	
  and	
  
dynamic	
  test	
  

Mechanical	
  proper-es	
  –	
  Part	
  B	
  



Stress	
  Relaxa-on	
  Test	
  
-­‐  Stress	
  relaxa7on	
  is	
  when	
  food	
  materials	
  are	
  
deformed	
  to	
  a	
  fixed	
  strain	
  and	
  strain	
  is	
  held	
  
constant,	
  the	
  stress	
  required	
  to	
  maintain	
  this	
  
strain	
  decreases	
  with	
  7me.	
  

-­‐  In	
  this	
  test,	
  stress	
  is	
  measured	
  as	
  a	
  func7on	
  of	
  
7me	
  as	
  the	
  material	
  is	
  subjected	
  to	
  a	
  constant	
  
strain.	
  

-­‐  Test	
  can	
  be	
  conducted	
  in	
  shear,	
  unaxial	
  
tension	
  or	
  uniaxial	
  compression.	
  	
  



Creep	
  Test	
  
-­‐  Creep	
  is	
  when	
  a	
  constant	
  load	
  is	
  applied	
  to	
  
biological	
  materials	
  and	
  if	
  stresses	
  are	
  
rela7vely	
  large,	
  the	
  material	
  will	
  con7nue	
  to	
  
deform	
  with	
  7me.	
  

-­‐  In	
  creep	
  test,	
  an	
  instantaneous	
  constant	
  stress	
  
is	
  applied	
  to	
  the	
  material	
  and	
  strain	
  is	
  
measured	
  as	
  a	
  func7on	
  of	
  7me.	
  

-­‐  Creep	
  test	
  can	
  be	
  performed	
  in	
  uniaxial	
  or	
  
compression.	
  	
  	
  



Stress	
  relaxa7on	
  
curves	
  for	
  elas7c,	
  
viscous	
  and	
  
viscoelas7c	
  
materials	
  

Creep	
  and	
  recovery	
  
curve	
  for	
  elas7c,	
  
viscous	
  and	
  
viscoelas7c	
  
materials	
  



Extensional	
  deforma)on	
  

•  3	
  types	
  of	
  extensional	
  deforma7on:	
  uniaxial,	
  
planar	
  and	
  biaxial	
  



Uniaxial	
  extension	
  –	
  stretched	
  in	
  one	
  direc7on	
  
with	
  a	
  size	
  reduc7on	
  in	
  the	
  other	
  two	
  
direc7on.	
  

Planar	
  extension	
  –	
  stretched	
  in	
  the	
  x1	
  direc7on	
  
with	
  decrease	
  in	
  x2	
  while	
  width	
  in	
  the	
  x3	
  
direc7on	
  remain	
  unchanged.	
  

Biaxial	
  extension	
  –	
  flow	
  produces	
  a	
  radial	
  tensile	
  
stress	
  



Tes7ng	
  Method	
  
•  Unaxial	
  Compression	
  
–  	
  A	
  popular	
  method	
  of	
  tes7ng	
  for	
  agricultural	
  
product/food	
  material	
  

•  Tensile	
  loading	
  	
  
– Less	
  common	
  than	
  compression	
  tes7ng	
  for	
  
agricultural	
  product/food	
  material	
  

– Suitable	
  for	
  tes7ng	
  packaging	
  materials	
  

•  Bending	
  tests	
  	
  
– Can	
  be	
  used	
  for	
  determina7on	
  of	
  the	
  cri7cal	
  
tensile	
  stresses	
  at	
  failure	
  

•  Torsional	
  Loading	
  



NAME OF 
EQUIPMENT	
  

FUNCTION 	
   LAB	
   PICTURE	
  

Instron Machine	
  
(Model 5566)	
  

For  testing  tensile, compression, 
fatique and impact on a material	
  

Engineering 
Properties of 
Biomaterials and 
Neutraceutical 
Laboratary	
  

Pharma Test 
Dissolution Tester	
  

-To characterize the dissolution 
properties of the active drug, the 
active drug's release and the 
dissolution from a dosage 
formulation.	
  
-Dissolution testing is used to 
formulate the drug dosage form and 
to develop quality control 
specifications for its manufacturing 
process.	
  

Engineering 
Properties of 
Biomaterials and 
Neutraceutical 
Laboratary	
  

Malvern Particle Size 
Analyzer	
  

For measuring particle size and 
particle size distribution	
  

Engineering 
Properties of 
Biomaterials and 
Neutraceutical 
Laboratary	
  



NAME OF 
EQUIPMENT	
  

FUNCTION 	
   LAB	
   PICTURE	
  

Micromeritics 
GeoPycl 1360 
envelope and T.A.P 
Density Analyzer	
  

-To measure the envelope density of 
porous objects of irregular size and 
shape.	
  
measures the packing volume.	
  
-Calculates the bulk density of 
granular and powdered samples 
under a wide range of compaction 
conditions.	
  

Engineering 
Properties of 
Biomaterials and 
Neutraceutical 
Laboratary	
  

Hunterlab UltraScan 
Pro	
  

For color testing	
   Quality of Food 
Processing Laboratary	
  

Rheometer AR-G2	
   For rheological of food material 
analysis	
  

Quality of Food 
Processing Laboratary	
  



NAME OF 
EQUIPMENT	
  

FUNCTION 	
   LAB	
   PICTURE	
  

TA  XT PLUS Texture 
Analyzer	
  

For analysis the texture of  food  
material	
  

Quality of Food 
Processing Laboratary	
  

Viscometer	
   For viscosity analysis	
   Quality of Food 
Processing Laboratary	
  

Moisture Analyzer	
   For moisture content analysis	
   Quality of Food 
Processing Laboratary	
  



Rheology Properties 
(Focus on Viscosity and Flow of Liquids) 

Introduc)on	
  

• Liquids	
  and	
  semisolids	
  are	
  usually	
  pumped	
  during	
  
processing	
  
• Viscosity	
  plays	
  a	
  huge	
  part	
  in	
  pump	
  and	
  conveyance	
  
system	
  design	
  
• Viscosity	
  may	
  be	
  dependent	
  on	
  moisture	
  content,	
  
concentra:on,	
  composi:on	
  and	
  prior	
  treatments	
  

Flow	
  of	
  material	
  

Viscosity	
  is	
  defined	
  as	
  the	
  resistance	
  of	
  a	
  fluid	
  to	
  flow.	
  	
  
The	
  unit	
  of	
  dynamic	
  viscosity	
  is	
  Pa.s	
  (SI	
  system).	
  	
  	
  
Viscosity	
  varies	
  with	
  temperature.	
  	
  



Kinema:c	
  viscosity:	
  dynamic	
  viscosity/density	
  of	
  fluid	
  



Based  on relationship between shear stress and shear rate: 
1. Newtonian fluids (linear relationship) 
2. Non- Newtonian fluids (non-linear relationship) 

! Newtonian fluids – fluids that follow Newton’s law of viscosity. 
The slope of the shear stress vs shear rate, which is viscosity, is 
constant and independent of shear rate in Newtonian fluids 
(Figure 1 and 2) 
! Examples: Gases; oils; water and most liquids that contain more 
than 90% water such as tea, coffee, fruit juices and milk. 



Figure 1 





Non-Newtonian fluids – Fluids that do not follow Newton’s law of viscosity. The 
viscosity is termed as consistency or apparent viscosity.  

Non-newtonian foods can be divide into two categories: time-independent and time -
dependent 
Time-independent flow behaviour : shear thinning (pseudoplastic) and shear thickening 
(dilatant) 

(a) Shear Thinning (Pseudoplastic) Fluids. 
 -  These types of fluids, the shear rate increases friction between layers 

decreases 
      -   Examples; Dairy cream, fruit and vegetables purees, protein concentrates, salad 
dressing 

(b) Shear thickening Fluids. 
- In these types of fluids, as shear rate increases, the internal friction and apparent 
viscosity increase.  
- If the increase in viscosity is accompanied by volume expansion,  
      shear thickening fluids are called dilatant fluids.  
- Examples; Corn starch suspension, chocolate syrups, 
      high solids 



Shear thinning or shear thickening fluids obey the power law model 

  k = consistency coefficient (Pa.s) 
  n = the flow behaviour index 
  τ = shear stress 

For shear thinning (pseudoplastic) fluids n<1 
For shear thickening fluids n> 1. 
Newtonian fluids , n = 1 and k = µ 

Figure 2 





Bingham Plastic Fluids 
In these types of fluids, fluid remains rigid when the magnitude of shear rate 
is smaller than the yield stress (τ0) but flows like a Newtonian fluid when the 
shear stress exceeds τ0. 
Examples: Toothpaste, mayonnaise, tomato paste, kecthup. 
Eq. for behavior of Bingham plastic fluids: 



Herschel-Buckley Fluid 

This type of fluids -  the shear stress rate curve  is non-linear with a positive yield 
stress. 
- A minimum shear stress or yield stress must be exceeded before flow begins.  

Fluids that obey the Herschel-Buckley model are characterized by the presence of  a 
yield stress term (τ0) in the power law equation: 

Examples: minced fish paste and raisin paste 

Notes: The power law, Newtonian and Bingham plastics model are all special cases of 
the Herschel –Buckley model. 
The Herschel –Buckley model is the one most commonly used. 

For a Newtonian fluid, τ0 = 0, n =1 
For a Bingham fluid, τ0 > 0, n =1 
For a shear thinning fluid, τ0 = 0, 0<n <1 
For a shear thickening fluid, τ0 = 0,  ∞ >n >1 
For a Herschel-Buckley fluid, τ0 >0, ∞ > n >0 
** k >0 



•  Another expression, known as the Casson equation: 

•  This	
  equa:on	
  is	
  used	
  to	
  interpre:ng	
  the	
  flow	
  
data	
  of	
  chocolate.	
  	
  

•  The	
  square	
  root	
  of	
  shear	
  stress	
  is	
  ploIed	
  against	
  
the	
  square	
  root	
  of	
  shear	
  rate	
  to	
  obtain	
  a	
  straight	
  
line.	
  

•  Line	
  slope	
  gives	
  the	
  consistency	
  coefficient	
  and	
  
the	
  square	
  of	
  the	
  intercept	
  gives	
  the	
  yield	
  stress	
  



Non-­‐Newtonian	
  foods	
  with	
  :me	
  dependent	
  flow	
  proper:es:	
  thixotropic	
  and	
  
rheopec:c	
  fluids.	
  	
  

(a)  Thixotropic	
  fluids	
  are	
  fluids	
  that	
  exhibit	
  decreasing	
  shear	
  stress	
  and	
  apparent	
  
viscosity	
  with	
  respect	
  to	
  :me	
  at	
  fixed	
  shear	
  rate.	
  	
  
-­‐	
  Examples:	
  condensed	
  milk,	
  gela:n	
  and	
  egg	
  white.	
  

(a)  In	
  Rheopec:c	
  fluids,	
  at	
  fixed	
  shear	
  rate,	
  the	
  viscosity	
  increases	
  with	
  :me.	
  

Rarely	
  observed	
  in	
  food	
  systems.	
  	
  
-­‐	
  Example:	
  Highly	
  concentrated	
  starch	
  solu:ons-­‐	
  gravy	
  

Time dependent viscosity 



Viscometers	
  



Example	
  

•  Rheological	
  data	
  for	
  commercial	
  milk	
  chocolate	
  at	
  40C	
  is	
  shown	
  in	
  the	
  
following.	
  Using	
  Casson	
  model,	
  determine	
  the	
  consistency	
  coefficient	
  and	
  
the	
  yield	
  stress.	
  	
  

Shear	
  rate	
   Shear	
  stress	
  
0.099	
   28.6	
  
0.14	
   35.7	
  
0.199	
   42.8	
  
0.39	
   52.4	
  
0.79	
   61.9	
  
1.6	
   71.4	
  
2.4	
   80.9	
  
3.9	
   100	
  
6.4	
   123.8	
  
7.9	
   133.3	
  
11.5	
   164.2	
  
13.1	
   178.5	
  
15.9	
   201.1	
  
17.9	
   221.3	
  
19.9	
   235.6	
  



Solu:on	
  

•  Use	
  the	
  equa:on	
  :	
  	
  
Shear	
  rate	
   Shear	
  stress	
   Shear	
  rate	
  ^0.5	
  Shear	
  stress^0.5	
  

0.099	
   28.6	
   0.315	
   5.348	
  
0.14	
   35.7	
   0.374	
   5.975	
  
0.199	
   42.8	
   0.446	
   6.542	
  
0.39	
   52.4	
   0.624	
   7.239	
  
0.79	
   61.9	
   0.889	
   7.868	
  
1.6	
   71.4	
   1.265	
   8.450	
  
2.4	
   80.9	
   1.549	
   8.994	
  
3.9	
   100	
   1.975	
   10.000	
  
6.4	
   123.8	
   2.530	
   11.127	
  
7.9	
   133.3	
   2.811	
   11.546	
  
11.5	
   164.2	
   3.391	
   12.814	
  
13.1	
   178.5	
   3.619	
   13.360	
  
15.9	
   201.1	
   3.987	
   14.181	
  
17.9	
   221.3	
   4.231	
   14.876	
  
19.9	
   235.6	
   4.461	
   15.349	
  

The slope is 0.7474 and intercept is 4.2657 
The consistency coefficient is  K = 0.7474 Pa0.5s0.5 

And yield stress σ0 = (4.2657)2 = 18.20 Pa 



Texture	
  of	
  foods	
  

Introduction 

Texture refers to those qualities of a food that can be felt with the fingers, 
tongue, palate, or teeth. 
Texture is one of the most important quality characteristics of foods. 
Foods have different  textural properties. 
Food texture assessed by consumers visually (appearance) and also during 
eating eg. during biting, mouthfeel 
- Food texture can be evaluated by sensory or instrumental methods. 
- Sensory methods used a taste panel containing trained panelist and a lot of 
samples. 
- Instrumental methods are less expensive and less time consuming. 



•  Texture is affected by several factors : 
–  Mechanics or rheology 
–  Geometry 
–  Chemistry 
–  Thermal 
–  Psychology 

Thus instrumental methods, only measures the mechanical 
and physical aspects only 
Evaluation of texture involves measuring the response of a 
food when it is subjected to forces such as cutting, 
shearing, chewing, compressing or stretching.  

Weakness for instrumental methods; 
eg. not comprehensive – limited to certain aspects; the eating 
process may be different 



Texture test 

(1) Compression (deformation) test measures the distance that a food is 
compressed under a standard force. 



(2) Snapping-Bending – This test measures the force required 
to bend or snap brittle food such as biscuits or crackers.  

 - The 3 point bending test is the most commonly used 
snapping bending test (Figure 1).  

 -  3 point bending has loading at a single central point 
for a beam supported at either end. The deflection at the 
centre of the beam produced by a given force expressed as: 

   
    -----(1) 

where ρ = deflection at the center of the beam, F = force, L = 
length between supports, E = Young’s modulus and I = second 
moment of area. 



For a rectangular section beam having length of w and thickness 
of t: 
I = wt3/12 

For a solid square beam; I = t4/12 

For a solid cylindrical beam having a radius of r, I = πr4/4 

Substituting I for a rectangular section beam into Eq. (1) : 

The snapping force can be expressed as : 

Where σmax  is the maximum stress. 

For bars with cylindrical cross sections such bread sticks, the eq. 
becomes: 



Figure	
  1:	
  3	
  point	
  bending	
  test	
  





(3) Cutting Shear 
-  Pea Tenderometer measures the quality and maturity of fresh peas, and works via the 
principle of cutting shear. It consists of a grid of blades rotated at constant speed 
through a second grid of blades. As the peas are cut by the blades, the maximum force 
is measured. 
-  The Kramer Shear press was also developed to determine the texture of peas. It is 
widely used to determine the texture of fruits and vegetables.   

(4) Puncture test measures product’s firmness or hardness. 
- Use a probe that pierce into the food which includes a spring to measure force 
- The probe is pressed onto the sample’s surface 
- Force is applied until the probe punctures the surface and pierce into the sample 
- Maximum force is measured when the probe pierced the surface  
- Due to the force has reached a point where the surface yields to the force, hence, 
termed yield point 
- It is mostly used for fruits, gels, vegetables and some dairy or meat products.  



Puncture test 



Pea tenderometer Instron machine Texture analyzer 



(5) Penetration  
-  The penetrometer was developed for measuring the firmness or yield point of 
semisolid foods such as thick puddings, gels and spreadability of butter.  
- Penetrometers were originally designed to measure the distance that a cone or 
a needle sinks into a food such as margarine or mayonnaise under the force of 
gravity for a standard time.  
-  This is a simple and relatively inexpensive apparatus . 
(6) Texture Analyzer 
- Probes and fixtures to meet the test requirements. 

Penetrometer 

Texture 
Analyzer 



Texture Profile Analysis (TPA) 

- TPA compresses a bite sized piece of food twice to simulate the chewing 
action of the teeth. 
-  Compression is usually 80% of the original length of the sample. 
- As a results of TPA, sensory properties such as gumminess, cohesiveness 
etc can be determined.  
-  Texture analyzers are used to obtain texture profile analysis.  
-  The force curve generated as a function of time is known as a texture 
profile. 
- The instrument compress sample twice, 2 positive and 2 negative curve are 
obtained. (Figure 2) 
-  Peak forces and areas under the curves are used to determine various 
properties of foods. 



Figure	
  2:	
  Generalized	
  texture	
  profile	
  



Parameters	
   Sensory definition	
  

Hardness	
  
The hardness value is the peak force of the first compression of the product.	
  

Fracturability 
(Britleness)	
  

Not all products fracture; but when they do fracture the Fracturability point occurs where the plot 
has its first significant peak during the probe's first compression of the product. 	
  

Cohesiveness	
  
Cohesiveness is how well the product withstands a second deformation relative to how it behaved 
under the first  deformation. It is measured as the area of work during the second compression 
divided by the area of work during the first compression. 	
  

Adhesiveness	
  

Is the negative force area for the first bite representing the work required to pull the plunger away 
from the food. 	
  
Sometimes referred to as stickiness, this is related to how a food adheres to the inside of the mouth 
surfaces during chewing	
  

Springiness	
  
(Elasticity)	
  

Springiness is how well a product physically springs back after it has been deformed during the 
first compression. The spring back is measured at the downstroke of the second compression, so 
the wait time between two strokes can be relatively important.  	
  

Gumminess	
  

A combination of hardness and cohesiveness, this is the amount of effort that goes into preparing a 
semi-solid food for swallowing.	
  
Applies to semi-solid products only if they have no springiness and undergo permanent 
deformation.	
  

Chewiness	
  
A combination of gumminess and springiness, this is the amount of effort that goes into preparing 
a solid product for swallowing	
  
Applies for solid products.	
  



Chicken	
  nuggets:	
  very	
  high	
  fracturability	
  and	
  hardness	
  values	
  
-­‐ IndicaBng	
  the	
  crispness	
  of	
  the	
  product	
  
Bread	
  crumb:	
  soEer	
  texture	
  



Empirical 
measurement 
methods for 
foods 



http://www.campdenbri.co.uk/videos/bread-
quality-testing-video.php 


