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Infrared in the food industry

Description,
applications and

potential

ntroduction

Although infrared radiation has
existed since the birth of the
universe, humankind has only
just — in a manner of speaking
— discovered it. Infrared use in
the food industry has emerged even
much more recently. It does make
sense then to explore the applications,
the potential as well as the advantages
and drawbacks of this phenomenon.

arious types
of heat
transfer

Let us begin by com-
paring the various
types of heat transfer: convection, con-
duction and thermal radiation.

Convection: con-vection literally means
‘moving together’. Convection heats up
a medium, causing the medium to
move, thus exerting a heating effect on
the product in contact with the medi-
um. Convection heat is achieved by a
thermal transfer flow triggered by den-
sity differences resulting from tempera-
ture differences. Cold particles move
less, therefore they remain in closer
proximity to each other and they are
generally heavier than warm particles,
as the latter move a lot, move much
farther from each other and are thus
generally lighter. Heat convection basi-
cally means that warm air will rise and
that cold air will descend. Contrary to
radiation heat, this heating mode is an
indirect one. Convection heat is not
transferred directly to the product, but
the transfer takes place through a me-
dium. A few cases in point are hot air
ovens (using air as a medium) and fry-
ers (using oil as a medium), ....

Conduction: this type of heat transfer
brings the product in direct contact
with a heat source. The laws of thermo-
dynamics state that when cold and heat
come into contact, they will seek to
achieve an equilibrium, i.e. an equal
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temperature. This technique is used in
band grills.

Thermal radiation: this is electromag-
netic radiation generated by the ther-
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mal movement of loaded particles in
matter. Indeed, all matter with a tem-
perature beyond absolute zero will
emit thermal radiation. Particle move-
ment triggers load acceleration or dipo-
lar oscillation producing electromag-
netic radiation. This process differs
from what happens in a microwave
oven, where particles inside the prod-
uct are caused to move, thus heating
up the product. No heat is thus trans-
ferred with a microwave oven. Infrared
ovens, for instance, use thermal radia-
tion.

The following example will show what

we are describing here:

On a warm day we feel the warmth of
heated
(convection). When we walk barefoot

the air up by the sun
on hot sand we need to take care that
our feet do not suffer any burns
(conduction). As soon as the sun ap-
pears from behind the clouds, we feel
its warmth (thermal radiation).

nfrared: the theory

Infrared radiation is also some-
times referred to as infrared
light.
tromagnetic radiation in a cer-

Light is defined as elec-

tain range of the electromag-
netic spectrum. However this designa-
tion only refers to visible light, i.e.
white light divisible into red, orange,
yellow, green, blue, indigo and violet
(the rainbow). Infrared ‘light’ though is
invisible to the human eye. Infrared
literally means ‘under the red’. Indeed,
the frequency of infrared radiation is
slightly lower than the frequency of red
light. The approximate range of infra-
red radiation wavelengths is between
700 nanometres and 1 mm.

The wavelength range of infrared radia-
tion is divided into three parts. Differ-
ent versions of this classification exist.

The discoverer: Frederick William Herschel

Friedrich Wilhelm Herschel was born in Hannover in 1738. Upon moving to England he

changed his name to Frederick William Herschel. Initially he was a highly sought-after

composer and music teacher. Having studied mathematics and astronomy, he and his

sister Caroline became valued scientists.

On 11 February 1800 he discovered infrared. Using a thermometer, he measured the
temperature of the light going through a prism. The temperature in the red part of the
spectrum proved to be higher than in the blue part. Beyond the red he however meas-
ured an even higher temperature. He then came to the conclusion that that part of the
spectrum contained light not perceptible by the human eye, i.e. infrared.

ISO 20473 specifies:

Near
) NIR | 0,78-3 um
infrared
Medium
. MIR | 3-50 um
infrared

50 -
Farinfrared | FIR

1000 pm

Infrabaker uses the following classifica-
tion as standard:

- SWIR: Short wave IR: 1.4 - 3 um
- MW: medium wave: 3 -8 um
- LW: long wave: 8 — 15 um

NIR and FIR are outside the usable
spectrum.

Temperature

The wavelength of infrared radiation is
linked to temperature. The higher the
temperature, the lower the wave-
length. Near infrared radiation is there-
fore much hotter than far infrared radi-

ation.

Each object warmer than the environ-

mental temperature emits infrared
radiation. Conversely each object cold-
er than the environmental temperature
absorbs infrared radiation. The type of
infrared radiation emitted depends on
the temperature of the object. The
temperature of an object is no more
and no less than the average move-
ment speed of all atoms and molecules
in the object. The higher the average
movement speed, the warmer the ob-
ject. As temperature rises, the wave-
lengths of the radiation emitted will

become shorter.
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The human body, for example, has an
average temperature of 37°C and as
such it only emits FIR radiation. In a
furnace where iron is melted, for in-
stance, NIR radiation is emitted.

We can feel our own infrared radiation
by holding one’s hands a few millime-
tres from our face. Although the hands
do not touch our face, we can still feel

warmth.

Natural and artificial infrared

radiation

The main source of infrared radiation
on Earth is the sun, emitting radiation
with a temperature of approximately
5,500°C. Slightly over half of sunlight is
made up of infrared radiation. Earth
heats up as the wavelength goes
Radiation
reaching Earth’s surface is absorbed

through the atmosphere.

and then emitted back as heat.

The main source
of infrared
radiation on
Earth is the sun,
N emitting
radiation with a
temperature of

approximately
5,500°C.

However not all radiation reaches our
planet’s surface. Some wavelengths, for
instance, are absorbed by water mole-
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cules. With their high concentration of
hydrogen, clouds absorb sunray energy,
causing temperature to drop signifi-
cantly when clouds come between the
sun and the surface.

In addition to natural infrared radiation,
there also exists the artificial kind, gen-
erated, among others, by infrared
lamps, about which more will be told in

this report.

Reflection, transmission and ab-
sorption

When radiation reaches an object, 3
things will happen. (I) Radiation moving
through matter (e.g. air), (ll) reaching a
layer of matter (e.g. food) with a certain
thickness, part of the radiation will be
reflected (the amount reflected de-
pends on the characteristics of the ma-
terial concerned) and the rest (1) will
be partially absorbed upon penetrating
the material or being transmitted by
the latter. Three phenomena thus come
into play: reflection, transmission and
absorption:

Reflection: radiation is bounced back
from a surface. This reflection is
caused when the rays come into
contact with matter having a differ-
ent wave resistance (wave imped-
ance).

Transmission: this is the permeability of
matter for waves. Transmission is
therefore the measure of the wave
intensity (with a value between 0
and 1 percentage point) allowed
through the matter concerned.

Absorption: this is the total or partial
absorption of a system’s energy
(e.g. infrared’s) by a different sys-
tem and its transformation into a
different type of energy.

Together these three processes consti-
tute the object’s energy value.

When heating up an object with infra-
red radiation, it is important to deter-
mine the ideal wavelength for the ob-
ject to be heated up, to ensure optimal
conditions of reflection, transmission or

absorption for the purposes you have in
mind.

Need an example? If you only want to
brown the food, you will want low re-
flection and high absorption. Fast and
high absorption will make the product
brown swiftly before the product has
the time to heat up internally.

nfrared: in practice

Applications

Infrared radiation, currently
used in many industries, also
features in our daily life, as
shown by the following exam-

ples:

IR-scopes allow people to observe oth-
er living creatures in the dark with-
out being detected themselves.
The process does not need any
light source, contrary to night-
vision scopes intensifying the mini-
mal light available.

The medical world analyses the blood
stream with thermal imaging de-
vices.

In astronomy researchers use sensor-
fitted
among others, molecular clouds.

telescopes to observe,
IR-panels are a good alternative to

heating convectors. Convectors
are electrical heating devices, but

no IR-panels. The convector’s elec-

trical resistance will generate long-
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wave radiation and heat up the air
close to the heating source, trig-
gering a convection process. IR-
panels however heat up the ob-
jects in the room, causing said ob-
jects to heat up the room. There-
fore no convection (air displace-
ment) is involved.

IR-panels are a
good alternative

to heating
convectors.

To switch channels on your television
set, you use an IR remote control.

Physiotherapists use IR-lamps to deal
with muscular and joint com-
plaints.

Industrial kitchens keep dishes warm by
placing them under IR-lamps.

The poultry industry places eggs in
hatching machines heated with IR-
lamps.

Next to conventionally heated saunas,
infrared heated saunas have in-

been

creasingly gaining  po-

pularity...



https://www.infrabaker.com

Infrared in the food industry

In addition to the numerous examples
above, infrared radiation has been ap-
plied in the food industry since the
nineteen nineties, e.g. in the shape of
electrically or gas-powered infrared
ovens. The difference between the two
types is that electrically-powered infra-
red ovens can reach much shorter
wavelengths than their gas-powered
equivalents. As a result, each type is
more suitable for specific operations.
Foodstuffs are complex compounds of
different biochemical molecules, bio-
logical polymers, inorganic salts and
water. Depending on the proportion
between the aforementioned sub-
stances and the operation envisaged,
one needs to determine the right way

to process them with infrared rays.

The principles governing sunlight also
apply to infrared ovens, with the differ-
ence that the distance between the
emission source and the object to be
heated up is a mere 15 centimetres.
The thermal aspect of wavelengths
plays the same part with artificial infra-
red light as it does with the natural
variety. Shorter radiation wavelengths
thus bring about higher temperatures.
Heated foodstuffs will reflect part of
the rays, allow part of them through
and absorb part of them. When using
an infrared oven, there is a need to
determine the ideal wavelength for
each object (in this case, foodstuffs) in
order to achieve the highest absorp-
tion. Therefore, two things matter very
much for the purpose of using infrared
in the food industry: first the tempera-
ture/wavelength of the radiation and
second the energy value of the irradi-
ated object (being the sum total of
reflection, transmission and absorp-
tion).

Scientific research has demonstrated
that the wavelengths best absorbed by
organic matter (like foodstuffs) are
partly medium-wave and partly short-
wave. Wavelength selection is product-
specific. A certain number of parame-

ters, like composition, colour, density

or product entry temperature are de-
terminant factors. Product nature com-
bined with the desired result deter-
mines the choice, the intensity and the
infrared processing time, as illustrated
by a few examples of operations be-

low.

Operations using infrared

Infrared is suitable for many types of
operations, from product surface pro-
(e.g.
melting the top layer, etc.) to product

cessing browning, broiling,

Infrared is
suitable for
many types of
operations,
from product
surface
processing to
product core
processing...

core processing (cooking, thawing,
drying, etc.) or even for combining
both (e.g. when browning and cooking
a piece of meat). Below we take a clos-
er look at the above-mentioned pro-

cesses.
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Drying:

this is one of the oldest methods to
improve foodstuff shelf-life. Even to-
day it features among the food indus-
try’s standard processes. Today the
industry mainly seeks to improve food
stability. Drying removes fluids from
the food, limits microbiological activity
in foodstuffs and reduces to a mini-
mum the physical and chemical chang-
es during food storage.

Traditionally this is done with convec-
tion dryers, causing hot air displace-
ment to dry the exterior of the food
and then to systematically dry the inte-
rior and core of the product. This time-
consuming process demands high en-
ergy consumption. Moreover research
has shown that this drying method
makes some products like dried vege-
tables unsuitable for use as instant
food
leaves them with a very low rehydra-

ingredients, because drying

tion ratio.

Freeze drying is an alternative method,
though one with a very expensive price
-tag reducing its popularity.

Drying with infrared is much more effi-
cient and faster, as infrared radiation
forces the fluids out of the food at a
much faster pace. As this process is
characterized by a better adjustability
and higher speed (because of the high-
er thermal transfer), the original food-

4
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Maillard reaction

A well-known phenomenon arising with many of the processes mentioned is the Mail-

lard reaction, named after the French medical doctor and chemist Louis Camille Mail-

lard, who wrote an article about it in 1912.

The Maillard reaction collectively refers to a series of chemical reactions occurring when

certain types of food are heated up. In principle, the Maillard reaction is demonstrable

at any temperature, but the higher the temperature, the faster the reaction.

As the Maillard reaction may result in a change of taste, smell and nutritional value of

food products, there is a definite need to take it into account when processing food.

Research has demonstrated that six factors have an impact on the Maillard reaction,

i.e. temperature, pH, quantity of water, preparation time, quantity of proteins and

quantity of sugar.

stuff properties will be preserved much
more. Whereas convection dryers re-
quire a long warm-up time, infrared
lamps are ready for use within seconds.
Therefore the use of infrared drastically
reduces energy consumption. Research-
ers have demonstrated that, to achieve
the same result, convection dryers con-
sume twenty times more energy than
infrared systems: 200 W/m? for the
former and 10 W/m? for the latter.
Infrared systems have yet another ad-
vantage compared to convection dry-
ers: several operations can be per-
formed in one passage through the sys-
tem, like roasting, browning, etc.

However the use of infrared for drying
purposes is especially desirable for
some products including fruit and vege-
tables. In view of its limited penetration
capacity, this fast drying method is less
appropriate for barley grains, vegetable
grains, etc., as these grains tend to
burst under the high temperatures gen-
erated by the infrared rays. An alterna-
tive method for these products would
be to combine infrared and convection.
This solution would in any case signifi-
cantly cut energy consumption com-
pared to a situation involving the mere
use of a convection system.

Blanching:

In this process, raw products (e.g. fruit
and vegetables) are briefly heated up
for the purpose of deactivating en-
zymes and improving the microbiologi-

cal purity of the products. Because in-
frared radiation yields high tempera-
tures, this process is completed very
quickly.

Browning:

This operation involves heating up
products like meat (e.g. beef) or fish
(e.g. salmon) very briefly, to sear the
exterior of the product. As a result,
meat juice loss will be minimal and
product properties will be preserved
better in the course of the next opera-
tions. This technique is also used for
pizzas and other ready meals, designed
to be heated up briefly and consumed
by the end-customer. To make the
product look beautiful and very tasty, it
is necessary to heat it up briefly to col-
our the topping prior to the freezing
process, without comprehensively
cooking the rest of the product. This
technique is also ideal to brown the top
layer of desserts like creme briilée, me-

ringue or cheesecake.
Cooking/browning/baking/roasting:

these operations can be executed in

various ways. However researchers
have demonstrated that conventional
heating with gas has a much lower yield
than heating with infrared rays. The
latter technique produces higher tem-
peratures, cutting cooking time. Re-
search carried out with hamburgers has
shown that the faster processing with
infrared rays does not impair end-

product quality. The baking of pizza
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bases is an example of infrared technol-
ogy being used in an ideal way to cook a
product completely.

Melting/thawing:

this infrared processing is applied on
products kept in deep-freeze storage.
This removes the ice layer very quickly
and readies the product for any further
processing

Caramelising:

this process is used very often in view
of the typical taste and brown colour of
caramel. Caramelising means liquefying
sugar through heating. In this process, it
is very important to determine the cor-
rect temperature, as each type of sugar
has its own caramelisation tempera-
ture. As stated above, infrared radia-
tion allows for very accurate tempera-

ture settings.
Pasteurising:

this technique developed by the French
scientist Louis Pasteur involves heating
up foodstuffs briefly to reduce or limit
the number of micro-organisms to a
‘safe’ level. Product shelf-life is much
improved by this process, where FIR is
more efficient than NIR because it has
more success in eliminating bacteria

and spores.

FIR is more
efficient than
NIR because it
has more
success in
eliminating
bacteria and
spores.

Pasteurising is comparable to sterilising.
The difference between both processes
resides in the temperature used. Steri-
lising involves using a much higher tem-
perature, causing the elimination of all
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micro-organisms, but also a change in
product taste (because the proteins in
the product are subject to physical
modifications). In view of this change in
taste, the food industry does not often
resort to sterilisation. Pasteurising how-
ever is often used, as it leaves the pro-
duct unmodified.

ow does an electri-
cal infrared oven

with heaters work?

Infrared  ovens have
evolved in the course of time. Manufac-
turers like Infrabaker are always looking
for improvements to optimize irradia-
tion. In this section we will discuss how
the main components are especially
designed to achieve the best end-result

in the safest way possible.
Infrared heaters

Infrared heaters consist of quartz tubes.
Why choose quartz tubes? This glass
made from minerals is highly permea-
ble to short waves. Ordinary glass
would absorb most of the heat and
therefore become very hot indeed. In
electrical infrared ovens, radiation
source temperature sometimes reaches
1,900°C, which requires designers to
find an alternative. Quartz has become

the material of choice.

Quartz consists of pure silica, contrary
to glass, which is made from a mix of

silicates, with the addition of softeners.
This composition makes quartz so much
more resilient than glass.

Quartz tubes contain a filament with an
extremely high melting point, very suit-
able to serve as infrared lamp filament.

Such
quartz tubes placed across the direction

infrared ovens contain several

of the conveyor. In this manner several
fields (in theory as many fields as there
are lamps) with different infrared radia-
tion can be created within a single ov-
en. These different types of radiation
cover different absorption levels and
they allow different operations in the
course of a single passage through the
oven. The settings chosen for the vari-
ous fields are completely product-
specific (type of product, thickness,
desired end-result, etc.).

..different types
of radiation
cover different
absorption

=1 levels and they —

allow different
operations in
the course of a

single passage...
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We have just explained what the infra-
red lamps are made of. With the parts
we have described up to now, radiation
could go in all directions. However, for
the purposes of infrared ovens, radia-
tion or energy should be directed very
accurately, i.e. on the product to be
heated.

To ensure accurate targeting of the
objects with the radiation emitted by
quartz tubes containing a filament, a
reflector is applied on the tube. Often
this reflector material is a layer of gold.
Indeed, this precious metal is the best
and most affordable reflector of infra-
red radiation. Through reflection, this
layer generates a nice beam pointing
towards the conveyor.

Like the lamp, the reflector will heat up
a little when the oven is switched on. To
deal with this, a cooling device is built
into the top of the oven. Thus no over-
heating will occur.

Both the specific parts heating up the
food and the rest of the infrared ovens
are ‘food grade’ (metals, lubricants,...).
At Infrabaker’s, for instance, everything
meets the standards of the EHEDG reg-
ulations (European Hygienic Engineer-
ing and Design Group). Alternatives for
heaters: panels or coils.

Gas ovens are powered by gas combus-
tion at a certain temperature through
metal panels. This combustion is adjust-
ed through oxygen input, which allows
for some kind of setting, much less ac-
curate though than the settings of elec-
trical devices. The maximum gas com-
bustion temperatures are significantly
lower than those achieved by IR ovens
fitted with quartz tubes.

Additionally some IR ovens are de-
signed more specifically to emit long
waves. These ovens do not contain
quartz tubes, but rather metal coils
heated with electricity or gas. Because
metal is used, the maximum tempera-
tures are limited and even lower than
those achieved by gas-driven ovens.

The heating unit used thus largely de-
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termines the wavelength (temperature)
the system can generate.

Modularity

The most flexible infrared oven systems
are modular. Clients first acquire a basic
system to be expanded subsequently if
necessary or wanted. Relevant factors
determining the composition of the
system are, among others, the product
to be processed, the processing chosen
or required, etc. In mutual consultation
with the client or after a test phase,
processing time and therefore conveyor
speed will be determined. The yield the
client has in mind is a further major
consideration. How many kilograms of
product are to be processed? On the
basis of the desired yield and the work-
ing hours at the client’s factory, convey-
or width will be determined. Said deter-
mination also depends on the client’s
existing machine fleet. All the above-
how

mentioned factors determine

many modules are needed.
Combining techniques

Sometimes a single operation will not
suffice to achieve the desired end-
product. Using infrared only may not
yield the intended result. The typical
slow-cook effect cannot be obtained by
using infrared only. However there is an
ideal combination of vacuum and infra-
red, where infrared browns the product
and vacuum technology ensures cook-
ing. As vacuum-cooked meat looks ra-
ther drab, a further process stage is
required, one which will not cancel the
effects of vacuum-cooking. With its
relatively short processing times, infra-
red radiation is the ideal solution.

Moreover, some of the techniques al-
ready used by you may not or no longer
be effective. This problem can be solved
by supplementing existing techniques
with a new technology. By way of ex-
ample, let us mention the cooking of
bacon slices. For a very long time, this
was done in industrial microwave ov-
ens: this yielded a short processing time
as well as a fairly good preservation of

dimensional stability. However, the
product obtained was colourless and all
but crunchy. When customer tastes/
desires change, processes should follow
suit. It does seem to make sense to
combine the advantages of an already
existing method with another one like
infrared in order to obtain the ad-

vantages of both.

Many end-
products only
come about by

irradiation,
conduction and
convection.

Many end-products only come about by
combining irradiation, conduction and
convection. Often machine manufactur-
ers will assist you in finding the ideal
way to arrive at the desired product.
Some of them will even make available
a test set-up to try out a number of
things, possibly with manufacturer sup-
port. It is certainly not a bad idea to
contact them.
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= combining —

onclusion

Undoubtedly you will
have noticed that in-

frared radiation is a
highly

technique with a great

sophisticated

potential. To conclude this white paper,
let us sum up the advantages and draw-
backs of this technology.

The drawbacks:

e Low penetration force: as in-
frared radiation goes hand in
hand with short heating times,
the rays do not have enough
time to reach the product’s
core. To deal with this issue,
heating times may be in-
creased, but this brings us to
the second drawback.

e Extended exposure may cause
some biological materials to
burst or to break. This issue
may be addressed by regu-
lating radiation intensity and
thus select a different wave-
length. In some cases though,
the intention will be to make
the materials burst, as in the
case of popcorn.

The advantages:

. High thermal efficiency: infrared

radiation very quickly generates
Ma-
chine warm-up time is negligible.

very high temperatures.
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. Faster processing times: this re- number its drawbacks.
sults from the previous ad- [ -]
v-antage. Higher t.empera‘tur-e-s ...heating Wlth
yield processing times signifi-
cantly lower than those needed infrared rays
using other processing methods. has become an
. Energy-efficient: today’s infrared
ovens are powered with gas or ] essential link in —
electricity. Electrically-powered the chain of
systems can thus be supplied )
completely with renewable ener- food lndUStry
gy. processes.
J Constant temperature: infrared L |

lamps keep temperature at a

constant level in the infrareq EsPecially for processing the exterior of |Nme
International

. foodstuffs, infrared is the ideal solution.
oven. No such thing can be guar-

anteed with alternative pro- For other, more in-depth operations,

. infrared is often an important link in a
cessing methods.

. chain of operations leading to the de-
. Clean work environment: as no

- . . sired end-result. Therefore we may con-
oil is being used in the process,

the surroundings of infrared ov- clude that heating with infrared rays

has become an essential link in the

ens will be significantly cleaner. Infrabaker International is
- . . chain of food industry processes. - .

. Possibility of selective heating: specialised in the develop-
infrared ovens may feature ment and production of
different heating sections, allow- infrared applications for
ing the application of different the food processing
temperatures during a single industry.

passage of the product through

the oven. Alternative processing

. . Infrabaker International
methods do not offer this possi- .
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bility, or, if they do, only subject
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to the intervention of one or
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It shows that the advantages of heating Fax: +32 11 80 88 81
objects with infrared rays vastly out-

several operators.
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