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Unit 8
Food Biotechnology Properties of fluid foods

Viscosity:

A fluid may be visualized as matter composed diedént layers. Fluid moves if a force
acts on it. The relative movement of one layeflatl over another is due to the force
called as shearing force.

From Newton’s second law of motion, a resistancedas offered by the fluid to
movement in the opposite direction to the sheaforge. This resistance force is a
measure of an important property of fluids callestwosity .

Consider a deck of cards. A drag force is appitethe top layer of cards. The top card
moves and the remaining cards move successivelyaygrs with the bottom card
remaining stationary.

Now consider flow between two plates of infinitendggh. The bottom plate is fixed.
Apply drag force to top plate. The top plate moweth a velocity dU. Bottom plate
remains stationary. The remaining layers moveessigely by layers.

Figure 1: Fluid between two flat plates
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Figure 2: Velocity distribution and flow betweemnc plates
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The drag force depends on the frictional resistarféered by the surface between the
layers of fluid.

lo4
tandg = —
dy

or
K
ag=—
q dy
But
& =dUd
Therefore
dud
ag=——
q dy
dg duU

where | is called absolute or dynamic viscosity.

The units of viscosity are:
Poise, g/cm-s, Pa.s, kg/m-s
and 0.01 poise = 1 cp (centipoises)

Example: viscosity of water at ambient temperaisitecp
viscosity of honey = 8880 cp

n =— = kinematic viscosity

~ |3

The units of kinematic viscosity are:
m?/s
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Measurement of Viscosity:

There are two types of viscometers namely the leapiltube viscometer and the
rotational viscometer.

Cannon-Fenske Capillary Tube Viscometer:
Figure 3: Capillary Tube Viscometer
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The flow through the capillary tube is given by thowing equation:
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By measuring the length of time for liquid to drdnem bulb, one can determine the
viscosity of the liquid.

m

Rotational Viscometer - Coaxial cylinder viscometer
Figure 5: Coaxial cylinder viscometer

Measure torque required to turn inner cylinder at revolutions peit time

W=2or 2Lt
u=rw
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godu__ dw
dr dr
W, dw
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Integrating
=W 1 1
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Wi = 20N
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Effect of Temperature on Viscosity:
The effect of temperature on viscosity is describg@n Arrhenius type relationship

Ea
RgTa

INnm=InBp +

where

Ba = Arrheniusonst
E5 = ActivatiorEnergy
Ry = Gasconsant

Non-Newtonian Fluids:

There are two types of Non-Newtonian fluids.
1. Time dependent (respond immediately with a fe@asoon as a small amount of shear
stress in applied)

a) Rheopectic

b) Thixotropic

2. Time independent
a) Herschel Bulkley
b) Bingham
c) Dilatant (shear thickening)
d) Pseudoplastic or power law (shear thinning
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Apparent viscosity is calculated by assuming the@Newtonian fluid/liquid is obeying
Newton’s law of viscosity. (Must be expressed glarnth the shear rate)

Figure 6: Shear Stress vs. Shear Rate CurvesdoiNéwtonian Fluids
/ Herschel-Bulkley
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Shear thinning liquid — Viscosity decreases asrstaga increases
Example: condensed milk, fruit purees, mustardetadge soups

Shear thickening liquids — Viscosity increaseshasas rate increases
Example: 60% suspension of corn starch in water

Bingham liquid — After a certain amount of yieldests, the liquid behaves as Newtonian

Herschel Bulkley — After a certain amount of yistdess the liquid behaves as shear
thinning liquid
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Models:
Herschel Bulkley

t =k a +1g
dy
Casson
05
£05 =405 4 4 du
dy
PowerLaw
n

=k - d_U

dr
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Thermal properties of frozen foods

Introduction :

Food preservation by freezing occurs by severalham@sms. At temperatures below
zero degrees Celsius there is significant reductiairowth rates for microorganisms and
in the corresponding deterioration of product doenticrobial activity. The same
temperature applies to other reactions that oatuhé product such as enzymatic and
oxidative reactions. As temperature is reducedemaater is converted into ice crystals
thereby availability of water becomes less to supgeteriorative reactions.

The quality of product is influenced by freezinggess and frozen-storage conditions.
Also, the freezing rate or time will influence proxd quality.

Freezing Systems:

Freezing food products require sufficient time @w Itemperatures to remove sensible
heat and latent heat of fusion from the producbout 90% of water is converted to ice
crystals. A low-temperature medium whose tempeeais below the desired final
temperature of the product is required so thaeldwept transfer coefficients are created.

There are two main types of freezing systems.
1) Indirect Contact Systems
2) Direct Contact Systems

Indirect Contact Systems
Food product and refrigerant are separated byreeb#nroughout the freezing process.

a) Plate freezers

The product is frozen between two refrigeratedgslatBarrier between product
and refrigerant include both the plate and the agekmaterial. By applying
pressure the resistance to heat transfer acrosdatreer is reduced thereby
enhancing the heat transfer.

A single plate may also be used to accomplish #meesheat transfer but is less
efficient and costly.

The plate freezing systems can be operated botth mtd continuous mode.
In batch mode, the product is placed for a certagidence or freezing time.
Batch plate freezing systems have significant Hiixy in handling diverse
product types and product sizes.

In continuous mode, the plates are moving whilelimgl the product through an
enclosure. The plates and product move upward @psa within the
compartment. At entrance and exit to the freeaygiem, the plates are opened
to allow the product to be conveyed to or from slgetem. The freezing time is
the total time required for the product to movarirentrance to exit.
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Figure 7: Plate Freezer
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These systems are used in situations where thaigiretze and/or shape cannot
be accommodated in plate freezing.

b) Air blast freezers

Example: refrigerated room — Product is placethearoom and low-temperature
air is circulated around the product for desiresidence or freezing time and
represent a batch mode. The room also acts asametroom. Freezing times are
long because of low air speeds over the produahility to achieve good contact
between product and cold air and smaller temperaguadients between product
and air.

In continuous systems (common), the product isiedron a conveyor which

moves through a stream of high velocity air andrémdence or freezing time is
fixed by the length and speed of the conveyor. fEsedence time can be small
depending on the use of very low temperature agh lair velocities and good

contact between individual product packages and awl The conveyors include
tray conveyors, spiral conveyors and roller conveyo

Figure 8: Continuous Air Blast Freezer

10
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c) Freezers for liquid foods

The scraped surface indirect heat exchanger itite& commonly used for liquid

foods. In this system, the heat exchange sheltosnding the product

compartment acts as an evaporator for a vapor-csajm refrigeration system
providing precise control of heat exchange surfagedjusting the pressure on
the low pressure side of the refrigeration systdrhe residence time is sufficient
to remove 60 to 80% of latent heat from the prodavath is in the form of frozen

slurry. The frozen slurry product is placed inaekage for final freezing in a low
temperature refrigerated space. The freezers ea@itber batch or continuous
mode.

Figure 9: Continuous Freezing System for liguidde

Direct contact systems

It is more efficient than indirect contact systebecause there is no barrier to heat
transfer between refrigerant and product. Refagecan be low temperature air at high
speeds or liquid refrigerants with phase changdewihi contact with product surface.
Systems are designed for rapid freezing and ieadatidividual quick freezing (IQF).

a) Air Blast Freezers

Low temperature air is brought in direct contadtwvamall product objects (IQF).
Rapid freezing is achieved by using low temperatire high air speed (high
convective heat transfer coefficient) and smalldoici shape. In these systems,
product with appropriate geometries and which neguilQF is moved by a
conveyor through a high speed air region in suchlmanner to control the
residence time.

b) Immersion Freezers

The food product (small) is brought directly in taet with a liquid refrigerant
thereby reducing the product surface to a verytemperature by IQF conditions.
The freezing time is shorter than air blast freeggstems. The refrigerant
changes from liquid to vapor and absorbs heat ftben product. The most
common refrigerants are nitrogen and carbon diowitlich are expensive. The

11
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overall efficiency of the freezing system is a ftioie of the ability to recover and
reuse the vapors produced in the freezing compatsne

Figure 10: Immersion Freezer

Freezing Rate:

Freezing Rate for a product or a package is defasethe difference between initial and
final temperature divided by freezing time. Sintere is temperature variation at
different locations of a product during freezindpeal freezing rate is defined for a given
location in a product as the difference betweertiainitemperature and desired
temperature divided by the elapsed time until themmnt at which the desired
temperature is achieved.

12



2

Learning

Freezing Time:

Three distinct periods are noticed at any locatothin a food undergoing freezing
namely, pre-freezing, phase change and post-frgezin

Figure 11: Freezing Diagram
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Prediction of Freezing Time:

Two methods are available for predicting freezingget
1) Plank’s equation — simple but with limitations
2) Pham’s method — accurate results based ongatyspects of the process

Plank’s equation

Consider an infinite slab. Plank’s equation igisopee-freezing step and heat transfer is
one dimensional. The infinite slab consists oééhlayers. Consider the right half of the
slab. The moving front inside slab separates fidzem unfrozen layer. As water is
converted to ice at moving front, latent heat ofidm ‘L’ is generated which is
transferred through frozen layer to outside fregzmedium. The convective heat
transfer coefficient at the surface of the slathis TF is the temperature of unfrozen
region until the freezing front moves all the waycenter plane of slab. There are two
layers, a conductive frozen layer and a convedbomndary layer for heat transfer from
moving front to surrounding freezing medium.

13
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Figure 12: Infinite Slab in determining Freezimme
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The Plank’s equation is a general expression féoutgting freezing time for a food
material

r Lf P'a R'az
t- = +
F (TF - Ta) h kf

where
F — density of frozen material
Lf — change in latent heat of food (kJ/kg)

TF — freezing temperaturéQ)

Ta — freezing air temperatur¥C{)

h — convective heat transfer coefficient at thdamer of the material (W/[fC])
a — thickness or diameter of the object (m)

kf — thermal conductivity of frozen material (W/@)

P’ & R’ — constants to account for influence of gt shape

Type P’ R’
infinite plate Ya 1/8
infinite cylinder Y% 1/16
sphere 1/6 1/24

Freezing time increases with increasing densitienkaheat of freezing and increasing
size. The freezing time decreases with increatngperature gradient, convective heat
transfer coefficient and thermal conductivity adZen product.

14
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Limitations:

1) Density of frozen product is difficult to loeabr measure.
2) The initial and final product temperatures aog accounted
3) thermal conductivity values are not accuraterost food

15
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Food Dehydration

Food dehydration is the oldest method of food pregmn and involves the removal of
moisture from a food product. It reduces watertennto very low levels in food thereby
eliminating microbial and other deteriorative reéaas. It improves product
transportation and storage of food by reducing pebdhass and volume.

Drying Rate Curves:

A series of drying rates occur when moisture isaead from a food product. Initial
removal of moisture occurs (AB) during initial séegof drying because both product and
moisture in product experience a slight temperatuwceease. Following initial stages of
drying, significant removal of moisture occurs anstant rate (BC) and at constant
temperature. The constant rate drying period aceuth the product at the wet-bulb
temperature of air. Until the moisture contenteduced to critical moisture content, the
constant rate period continues. At moisture cdsteelow the critical moisture content,
the rate of moisture removal decreases with tin@ne or more falling-rate drying
periods (CE) will follow. The critical moisture otent is well defined due to abrupt
change in moisture removal rate.

Figure 13: Drying Rate Curves
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Drying Time Prediction:

To determine time required to achieve the desiegliction in product moisture content,
the rate of moisture removal from the product muse predicted.

For constant rate drying period:
(w, - w,)

m, ===

Cc

where

mc — moisture removal rate during constant ratendrgeriod
wc — critical moisture content (kg-water/kg-dryids)

wo — initial moisture content (kg-water/kg-dry sis)

tc — constant rate drying time (S)

Thermal energy is transferred from hot air to padsurface while water vapor is
transferred from product surface to heated air.

q=hAT,-T,)

where

g — heat transfer rate (W)

h — convective heat transfer coefficient (W/[m2-K])

A — surface area of product exposed to heatearél) (

Ta — heated air temperature (K)

Ts — product surface temperature (K) or wet butbgerature of heated air (K)

and
o kmAMWP(W -W)
0.622RT, S a
where

km — convective mass transfer coefficient (m/s)

A — product surface area

Mw — Molecular weight of water

P — atmospheric pressure (kPa)

R — gas constant (8314.41 m3-Pa/(kgmol-K)

TA — absolute temperature (K)

Wa — humidity ratio of air (kg-water/kg-dry air)

Ws — humidity ratio at product surface (obtaineshg® psychrometric chart) (kg-
water/kg-dry air)

If the rate of constant-rate drying is based omrtia¢ energy which is used to cause phase
change of water at product surface

q=mH,

17
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where
H, — latent heat of vaporization for water at wethbi@mperature of heated air (kJ/kg-
water)

Therefore, the rate of water vapor transfer is mgilvg

(w,-w.) hA
- = (0] C: T_T
m = e (- T

c

or

basedonHed ransfer
_H L(Wo - Wc)

" hAT,-T,)

basedonMasTransfer
_ 0.622RT,(w, - wW,)

© 7k AM,P(W, - W,)

For falling rate drying period:

The falling rate drying period begins at the catimoisture content and continues until
the moisture content decreases to equilibrium mastontent. The product temperature
begins to increases to magnitudes above the wdt tauhperature and diffusion of
moisture from internal product structure become® meontrolling factor and hence
moisture diffusion process becomes dependent atuptshape.

For infinite plate geometry

p>Dt
(w-w,) _ 8 e_44d3F
(Wc - We) 102
where

dc — characteristic dimension, ¥ thickness of ghap
D — effective mass diffusivity (m2/s)
t — drying time (s)
4d?
=—2-In{
p°D

8 (w-w,)
102 (Wc - We)

te }

For infinite cylinder geometry
d? 4 (w-w

. - 2C In{ 5 ( e)}
b°D b (w,-w,)

dc — radius of cylinder (m)
— First root of zero order Bessel function equatia2.4048

18
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For spherical product
2
- (jzc In{ 62 (W We)
p°D Pt (W, - W)

dc — radius of sphere

F

Equipments for Drying:

The equipments for drying usually maintain maximwsapor pressure gradient and
maximum temperature gradient between air and ort@arts of the product.

Tray or Cabinet Dryers:

It uses trays or similar product holders in calgnet similar enclosure to expose the
product to heated air so that dehydration will pext: In order to enhance the efficiency
of heat and mass transfer, the air velocity is kégh over the product surface.

If vacuum is incorporated in the chamber, the vap@ssure in the space around the
product is maintained at its lowest value so thed temperature at which product
moisture evaporates is reduced thereby increaswaupt quality. The cabinet driers are
operated in batch systems and has the disadvaotage-uniform drying of product at
different locations within the system.

Figure 14: Cabinet Type Tray Drier
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Tunnel Dryers:

The heated drying air is introduced at one endheftunnel moving at an established
velocity through trays of products being carriedtnrcks which are moved at a rate to
maintain residence time for dehydration.

The arrangement i.e., concurrent or countercuepends on the product and sensitivity
of quality characteristics to temperature.

With concurrent systems, a high moisture produeixigosed to high temperature air and
evaporation assists in maintaining lower produoigderature. At the tunnel exit, lower
moisture product is exposed to lower temperature ai

In countercurrent systems, a lower moisture produiexposed to high temperature air
and a smaller temperature gradient exists negpribauct entrance to the tunnel. Overall
efficiency of drying is higher. May not be suitalfor product quality considerations.

Figure 15: Concurrent Flow Tunnel Drier

Figure 16: Countercurrent Flow Tunnel Drier
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Freeze Drying:

It is accomplished by lowering the product temp@m®tso that product moisture is in a
solid state and by lowering the pressure aroundptbduct, sublimation of ice can be

achieved. It is used when product quality is vanportant. Depending on the

configuration of drying system, heat transfer caoun through a frozen product layer or
through a dry product layer. Heat transfer throfrghen layer will be rapid and not rate

limiting whereas through a dry product layer wié b slow rate due to the low thermal
conductivity of highly porous structure in vacuunin both cases, mass transfer will
occur in dry product layer and diffusion of watesper is the rate limiting process

because of low rates of molecular diffusion in @wam. The advantage is superior
product quality because of low temperature duringlismation and maintenance of

product structure and is balanced against enetgpsive aspects of product freezing and
vacuum requirements.
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