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Pustaka

• Utama

Fellows, PJ., 2000. Food Processing 
Technology; Principles and Practice. Woodhead
Publ. Cambridge, England

• Pendukung

Semua pustaka (buku, artikel) terkait teknologi
pengolahan pangan



Generic Contents

• Introduction
• Theory/Principle of The Process 
• Unit operation (for few extent, when 

necessary; otherwise this will be 
discussed further in the course Unit 
Operation)

• Equipment/Machineries, also in a brief
• Effects on Foods



Introduction

Reminding Few Basic Principles
• Heat Transfer
• D and z value
Ch. 1 of Fellows



Aims of food industry

• Extending period of wholesomeness (shelf life).

• Increasing variety in the diet (eating quality, 
sensory quality)

• Changing the form of food to allow further 
processing.

• Providing required nutrients for health 
(nutritional quality).

• Generating income for the manufacturing 
company.



• All food processing involves a combination of 
procedures. 
� unit operations

• specific, identifiable & predictable effect on a food. 

• Movies; how is made: peanut butter (04:44), chewing 
gum (04:55)



Objectives of the course
• To understand the wide range of processing techniques 

that are used in food processing, including:
– Basic principle of each processing unit
– Processing design & control

• To analyse food processing technologies appropriate for 
specific properties of raw materials and the effect of 
processing on quality & safety of food products

Basic knowledge requirement:
• Basic knowledge on the properties of foods (incl. 

physico-chemistry and microbiology of food & raw 
materials)



Heat Transfer
• Radiation

by electromagnetic waves, e.g. in an electric grill.

• Conduction 
by direct transfer of molecular energy within solids, e.g. 
through metal containers or solid foods. 

• Convection 
by groups of molecules move as a result of differences in 
density (e.g. in heated air) or agitation (e.g. in stirred 
liquids). 

• Majority all occur simultaneously but one type may be 
more important than others in particular applications.



Energy balances

• ‘the amount of heat or mechanical energy 
entering a process = the total energy leaving 
with the products & wastes + stored energy + 
energy lost to the surroundings’

• If heat losses are minimised, energy losses to 
the surroundings may be ignored 

• For more accurate solutions, compensation 
should be made for heat losses.



Mechanisms of heat transfer

Steady-state heat transfer
• constant temperature difference between two materials. 

• amount of heat entering = amount of heat leaving & no 
change in temperature of material. 

• E.g. when heat is transferred through the wall of cold 
store if the store temperature & ambient temperature are 
constant, & in continuous processes once operating 
conditions have stabilised. 

• Majority of food-processing, unsteady-state is more 
common



Steady-state conduction

• rate of heat transfer, influenced by
� temperature difference between food & 
heating or cooling medium, 
� total resistance to heat transfer. 

• Resistance to heat transfer 
� conductance of a material (thermal 
conductivity)



• Q (J s-1) : rate of heat transfer, 
• k (Jm-1s-1K-1 or Wm-1K-1) : thermal conductivity, 
• A (m2) : surface area, 
• θ1 – θ2 (oC or K) : temperature difference 
• x (m) : thickness of the material. 
• (θ1 – θ2)/x = temperature gradient.



• E.g. stainless steel conducts heat 10x less well 
than aluminium, 

the difference is small compared to the low 
thermal conductivity of foods (20 to 30x smaller 
than steel) 
and does not limit the rate of heat transfer. 

• Stainless steel is much less reactive than other 
metals, particularly with acidic foods 
� used in most food-processing equipment that 
comes into contact with foods.



• Thermal conductivity of foods is influenced by 
– nature of the food 

– temperature & pressure of the surroundings. 

• A reduction in moisture content causes a 
substantial reduction in thermal conductivity. 
� implications in unit operations involve 
conduction of heat through food to remove water 
(e.g. drying, frying & freeze drying). 





Unsteady-state conduction
• During processing, temperature at a given point 

within a food depends on rate of heating or 
cooling & the position in the food. 

• Temperature changes continuously. 

specific heat 
of food

thermal 
conductivity 

of food

temperature of 
heating medium

temperature 
change





• Thermal diffusivity is related to thermal 
conductivity, specific heat & density of a food

• a (m2 s-1): thermal diffusivity,
• ρ (kg m-3): density, 
• c (J kg-1K-1): specific heat capacity, 
• k (Wm-1K-1): thermal conductivity.

c
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• unsteady-state heat transfer in a single direction 
(x) 

• dθ/dt : change in temperature with time.



Convection
• When a fluid changes temperature � changes in density 

� natural convection currents. 
• E.g. natural-circulation evaporators, air movement in 

chest freezers, & movement of liquids inside cans during 
sterilisation. 

• Forced convection 
� a stirrer or fan is used to agitate the fluid. 
� reduces boundary film thickness to produce higher 
rates of heat transfer & a more rapid temperature 
redistribution. 

• Forced convection is more common than natural. 
• E.g. mixers, fluidised-bed driers, air blast freezers & 

liquids pumped through heat exchangers.



• When liquids or gases are used as heating or 
cooling media, the rate of heat transfer from the 
fluid to the surface of a food 

• Q (J s-1): rate of heat transfer, 
• A (m2): surface area, 
• θs (K): surface temperature, 
• θb (K): bulk fluid temperature, 
• hs (Wm-2K-1): surface (or film) heat transfer 

coefficient.



• Surface heat transfer coefficient hs

� measure of the resistance to heat flow, 
caused by the boundary film

� = k/x in the conduction equation 
• higher in turbulent flow than in streamline flow. 



• Heat transfer through air < through liquids  

• Rates of heat transfer of moving air > still air. 

• Larger heat exchangers, when air is used for 
heating or cooling compared to liquids. 

• Rates of heat transfer of condensing steam > 
hot water, at the same temperature  

• Presence of air in steam reduces rate of heat 
transfer. 

• Implications for canning: any air in the steam �
lowers amount of heat received by the food. 



Surface heat transfer coefficient is related to 
• physical properties of a fluid (e.g. density, 

viscosity, specific heat), 

• gravity (causes circulation due to changes in 
density), 

• temperature difference,

• length or diameter of the container under 
investigation.



• hc (Wm-2K-1) : convection 
heat transfer coefficient at 
solid-liquid interface, 

• D (m) : dimension (length 
or diameter), 

• k (Wm-1K-1) : thermal 
conductivity of the fluid, 

• cp (J kg-1K-1) : specific heat 
at constant pressure,

• ρ (kg m-3) : density,
• µ (N sm-2) : viscosity, 
• g (m s-2) : acceleration due to gravity,
• β (m m-1K-1) : coefficient of thermal expansion, 
• ∆θ (K) : temperature difference 
• v (ms-1) : velocity.



• Streamline flow through pipes,

• L (m) : length of pipe, 
• when Re Pr D/L > 120 & all physical properties are 

measured at the mean bulk temperature of fluid.

• Turbulent flow through pipes,

• n = 0.4 for heating or n = 0.3 for cooling, 
• when Re > 10,000, viscosity is measured at the mean 

film temperature & other physical properties are 
measured at the mean bulk temperature of fluid.

• Grashof number is used for natural convection.





• Most cases of heat transfer in food processing 
involve heat transfer through a number of 
different materials. 

• E.g. heat transfer in a heat exchanger from a hot 
fluid, through the wall of a vessel to a 2nd fluid



• Overall temperature difference 

• Sum of the resistances to heat flow = overall 
heat transfer coefficient (OHTC), U 

• Rate of heat transfer

• OHTC, e.g to indicate effectiveness of heating or 
cooling in different types of processing 
equipment. 





• Liquids flow � same or opposite directions in a 
heat exchanger. 

• Heat transfer efficiency of counter-current flow > 
co-current (or ‘parallel’) flow; so, widely used in 
heat exchangers 

• Temperature difference varies at different points 
in the heat exchanger

• θ1 > θ2.



• The heating time in batch processing 

• m (kg): mass, 
• c (J kg-1 oK-1): specific heat capacity, 
• θh (oC): temperature of heating medium, 
• θi (oC): initial temperature, 
• θf (oC): final temperature, 
• A (m2): surface area 
• U (W m-2 K-1): OHTC.





Unsteady-state heat transfer by 
conduction & convection

• solid piece is heated or cooled by a fluid, 
• resistances to heat transfer are surface heat 

transfer coefficient & thermal conductivity of 
food. 
� Biot Number 

• h (W m-2 K-1): heat transfer coefficient,   
• δ: ‘half dimension’ (e.g. radius of a sphere or 

cylinder, half thickness of a slab) 
• k (W m-1K-1): thermal conductivity.



• At small Bi (< 0.2) 
� surface film is main resistance to heat flow 

� time to heat solid food = previous equation 
(t = …), 

� use film heat transfer coefficient hs; not U. 

• In most applications, thermal conductivity of food 
limits rate of heat transfer (Bi > 0.2). 
� Calculations are complex

� series of charts



• The charts relate 
- Biot number (Bi), 
- temperature factor 
(the fraction of the temperature change that 
remains to be accomplished) 
- Fourier number Fo
(a dimensionless number which relates the 
thermal diffusivity, the size of the piece and the 
time of heating or cooling)

h � heating medium, 
f � final value, 
i � initial value.





decimal reduction time 
D value

• Time to destroy 90% of the micro-organisms (to 
reduce their numbers by a factor of 10). 

• differ for different microbial species

• higher D value indicates greater heat resistance.

• The destruction of micro-organisms is 
temperature dependent; cells die more rapidly at 
higher temperatures







z value

• thermal death time (TDT) curve 

� collating D values at different temperatures
• Z value = slope of the TDT curve

• number of degrees Celsius required to bring 
about a 10x change in decimal reduction time 

• The D & z values 

� to characterise heat resistance of a micro-
organism & its temperature dependence, 
respectively.





Thank you


