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Marshmallow Santas keep in shape
with the right moisture content  

“The moisture content is critical to the quality of marshmallow products,” explains Kjell Lund-
qvist of Cloetta. It is monitored with a non-contact near infrared gauge from NDC. 

Marshmallow Santas are a traditional 
Swedish Christmas sweet and right now 
they are being created in their millions at 
the Cloetta factory near Linköping, Swe-
den. Santas can sometimes be a little too 
chubby but not these ones – they stay trim 
thanks to precise moisture measurements.

The product name for these marshmallow 
Santas is Juleskum (literally: Christmas foam). 
Every Santa is expected to be perfect in terms 
of taste, fluffiness and appearance.
 The Santas are created using a process 
resembling casting metal in sand moulds but 
instead of containing sand, the moulding trays 
contain cornflour (US = cornstarch).  The next 
stage involves adding white marshmallow for 
the beard, then red marshmallow, and finally 
the Santas are dried.
 The moisture content of the cornflour is 
crucial to the end result. Otherwise the moulds 
can deform or cornflour residue can remain 
on the Santas.
“The requirements differ for our various 
marshmallow products,” explains process 
developer Kjell Lundqvist. “For Juleskum the 
moisture content must stay between six and 
seven per cent.” 

Measured in a few seconds 
Moisture content has traditionally been 
measured by weighing, drying, and a repeat 
weighing. Nowadays the procedure is auto-
matic but it takes ten to fifteen minutes to 
produce a measurement.

Kjell used to work at a nearby chocolate 
factory, which used non-contact near infra-
red technology. The moisture content was 
measured in a few seconds.
“In 2008 we installed the equivalent equip-
ment on the marshmallow line here,” he says.
Pentronic supplied the measurement gauge 
from the UK company NDC. The gauge stands 
beside the production line and the employees 
place small containers of cornflour in it to have 
their contents measured. After a few seconds 
the moisture content is shown on the display.
Moisture content is often measured right on 
the production line but in this case that would 
be too late. Instead, it must be checked in 
the drying rooms through which the cornflour 
is first circulated and dried before reaching 
the production line.
“We select the cornflour with the correct 
moisture content for a specific product,” 
Kjell says.

A new line and more gauges
Cloetta has recently installed another produc-
tion line for marshmallow products. Because 
the lines are some distance apart, the com-
pany has purchased another NDC measu-
rement device, an InfraLab Food Analyser.
 The new analyser has an integrated 
measurement head and resembles a coffee 
making machine. It has laboratory-standard 
performance and is calibrated to measure the 
moisture content of cornflour in particular. 
 The analyser meets strict hygiene standards 
and is quick and easy to use. Just collect a 

sample and put it on the machine’s turntable. 
After five seconds the reading is stable. All 
measurement results are stored. 
 This year’s Juleskum Santas have been 
in the shops since October. This year they 
also come in a golden brown shade with a 
toffee flavour. 

Juleskum marshmallow Santas are a tradi-
tion in Sweden, with millions eaten every 
year.

from all of us at

Merry Christmas and  
Happy New Year

This Christmas Pentronic donates money to 
the Swedish branch of SOS Children’s Villages, 
which continues supporting the Astrid Lindgren 
Children’s Village for orphaned children in Bouar 
in the Central African Republic. 
 As our customer you share in the gift – it is our 
Christmas present to you. You can read more about 
the project at www.sos-barnbyar.se.
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25 years of accreditation:  The first calibrations were done 
with the aid of the airport barometer
It has been 25 years since Pentronic’s 
calibration laboratory became accredited. 
For what purpose? was the most common 
question at that time. Nowadays calibration 
and accreditation are self-evident aspects 
of industry’s efforts to cut costs, save 
energy and reduce environmental impact.

In the 1980s Sweden had only a handful of 
calibration laboratories that could realize the 
temperature scale by themselves. They were 
Sweden’s national testing institute and a 
couple of laboratories in the defence industry. 
Most companies just presumed that their 
equipment measured according to standard.
Calibration with ice and water vapour was 
the method used by Pentronic in the 1970s. 
However, the boiling point of water varies 
greatly with air pressure.
“We phoned the airport to check the air 
pressure and compensate the readings,” 
remembers today’s managing director, Lars 
Persson, who was also involved with calibra-
tion at that time. 

Equipment for Sweden’s national 
testing institute
However, several forces, both internal and 
external, were leading Pentronic to develop 
more sophisticated calibration methods. In 
those days the company was something of 
a general store when it came to supplying 
measurement technology. The young engi-
neers enjoyed a challenge and the principal 
owner, Torsten Lindholm, was obsessed with 
the idea of further developing measurement 
technology.
“We manufactured a lot of calibration equip-
ment,” remembers Per Wilén, who participa-
ted in the design of all sorts of ovens and baths.

“For example, we designed and built ovens 
for Sweden’s national testing institute for 
calibration at the gold point, which is at 
1064.18 °C. The last oven was still in use 
until very recently.” 
 Pentronic also produced block calibrators 
and baths, not only for calibration but also 
as production equipment for such sectors as 
the semiconductor industry.

Customers made demands
In the 1980s the automotive industry in-
troduced more stringent requirements for 
measurement quality. Sensors had to be 
sent to Sweden’s national testing institute 
for calibration more and more often. Soon 
the question arose as to why Pentronic could 
not do its own calibration.  
 An embryo already existed in the form of 
the company’s laboratory for final inspection. 
But developing it was more complex than 
just adding a bit more equipment. Sweden’s 
national testing institute had a monopoly on 
issuing approved calibration certificates. In 
the 1980s the calibration market was dere-
gulated through the creation of the forerunner 
to the Swedish Board for Accreditation and 
Conformity Assessment (SWEDAC) and it 
thereby became possible to apply for ac-
creditation.
“There was no commercial market for calibra-
tion equipment,” Lars Persson remembers. 
“We had to develop the relevant methods 
and manufacture some of our own equipment 
ourselves.”
 It took five years to build up the laboratory 
and get it accredited. By 1988 everything was 
ready. The result exceeded expectations. In 
Sweden only the national laboratories had 
lower uncertainty within a greater temperature 

range. The newly accredited laboratory’s 
measurement performance of that time is 
still competitive even today. The accredited 
range was -80 to 1,200 °C and the best 
measurement ability was 4 mK, 0.004°C at 
the triple point for water.
“The temperature range is the same today but 
we have more than halved the uncertainty,” 
explains laboratory manager Lars Grönlund. 
“At best it is 1.6 mK.” 

Efficient and flexible
In its early days Pentronic’s accredited labo-
ratory based its traceability on the triple point 
of water and the freezing points of zinc and 
tin. Five more fixed points have been added 
over the years. They are mercury, gallium, 
indium, aluminium and silver. Today Pentronic 
realizes the temperature scale from -38.8344 
to 961.78 °C.
“In the immediate future there is no need to 
further reduce measurement uncertainty. The 
error sources are greater out in industry,” Lars 
Grönlund says.
 Today, awareness is far higher than it 
was just a few years ago. More and more 
companies have their own calibration equip-
ment, which is increasing the demand for the 
calibration of such equipment as reference 
sensors and also for in situ calibration at 
customers’ facilities.
“We’re focusing on becoming more efficient 
and more flexible,” Lars Grönlund says. 
 Although 25 years has passed, other ma-
nufacturers have not followed Pentronic’s 
example. Today it is difficult to get a financial 
return on all the investment in equipment, 
premises, staff training and the development 
of routines necessary to ultimately become 
accredited at this level. 

“We gained the laboratory at the right 
time. At the end of the 1980s the ISO  
9000 family of standards began to come 
into general use and industry became 
aware of the need for traceability and 
calibration,” Lars Persson concludes.



If you have comments or questions, contact Professor Dan Loyd at the Institute of Techno-
logy at Linköping University: dan.loyd@liu.se

QUESTIONS?
             ANSWERS !

Can a wine cooler work 
without ice? 

QUESTION:  At restaurants sometimes a bottle 
of white wine is placed inside a very simple 
wine cooler consisting of a thin-walled tall glass 
container. The wine cooler’s outside surface is 
coated with a shiny metal film. Does this type 
of wine cooler really work or should it contain 
crushed ice? 

Johan H
ANSWER:  This is not actually a wine cooler but 
rather a device for reducing the heat flow from 
the room to the bottle and its contents. Reducing 
the supply of heat makes it possible to keep the 
wine at a low temperature for a longer period of 
time than if the bottle was just standing by itself 
on the table. Room temperature is often over 
20 °C and a medium dry white wine should be 
kept at 8–10 °C.
 The heat from the room is transferred to the 
outside of the glass container by convection and 
radiation. The shiny metal film on the outside 
reduces the radiation’s contribution to the heat 
flow, because the emission coefficient is low. 
The air movements in the room are mostly small, 
which means that natural convection exists. 
Inside the glass, the heat is transferred by ther-
mal conduction and the temperature difference 
between the outside and inside surfaces of the 
thin glass is very small. In the air gap between 
the glass container and the wine bottle, the 
heat is transferred partly by radiation and partly 
by thermal conduction or convection. The size 
of the air gap and the temperature difference 
between the glass container and the bottle are 
two of the factors that determine how the heat 
transfer occurs.
 Direct contact between the glass container and 
the bottle increases the heat flow by conduction. 
Such contact always exists at the bottom of the 

Andreas Holm has joined the staff of 
Pentronic’s accredited calibration la-
boratory. He replaces Karoline Hanek, 
who has taken up a new position as 
sales engineer.

Andreas studied natural sciences at upper 
secondary school and then immediately 
joined Pentronic for a year as a trainee, 
doing practical work in production and at 
the laboratory.
“There’s no academic programme for lear-
ning to work in a temperature calibration 
laboratory,” explains laboratory manager 
Lars Grönlund, “so we have to train our 
own staff.” 

STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

A new face at the lab 

Pentronic has been  
one of Sweden’s few 
providers of such trai-
ning for more than 20 
years now. Many of the  
people now working 
with measurement and 
calibration within Swedish industry have 
taken one or more courses from Pentronic, 
so the company certainly has the in-house 
resources to train its own staff. 
 Jennifer Ernström also works in the 
accredited calibration laboratory. She is 
responsible for the lab’s quality system 
as well.

bottle and often on the side, because it is hard 
to place the bottle so that it has no contact 
with the side of the container. It is above all the 
air gap that limits the heat flow compared with 
when the bottle is standing by itself on the table. 
In the latter case, the heat flow from the room 
via radiation is also greater.
 The heat flow is greatest at first but decreases 
as the temperature difference decreases. How 
fast the wine heats up depends, in addition to 
the heat flow, on such factors as the mass and 
thermal properties of the components – glass 
container, bottle and wine. After a while, the wine 
in both cases will take on room temperature 
but normally the wine has already been drunk 
before that happens. If crushed ice is put inside 
the glass container, then it can be called a wine 
cooler. In such a case, the heat flow would then 
go partly from the room to the ice and partly from 
the wine to the ice. As long as there is melting 
ice present, the temperature is 0 °C of the ice 
and water mix. There is therefore a risk that the 
wine can become too cold. 

Similarities and differences with 
temperature measurement 
The same types of heat transfer mechanisms as 
in the case of the wine bottle inside the glass 
container exist with a sheathed thermocouple 
inside a protection tube, but there the similarities 
end. In the former case, the aim is to have as 
little heat flow as possible, whereas in the latter 
case the aim is to have as great a heat flow as 
possible in order to reduce the response time. 
The outside surface of the protection tube should 
therefore have as large an emission coefficient 
as possible and preferably there should be no 
air gap between the protection tube and the 
sheathed thermocouple. 

Pentronic has designed and built a 
sensor for measuring temperatures in 
pipe flows when drilling a hole in the 
pipe is not desirable, for instance in the 
pharmaceutical and food industries. 
This sensor is very useful, especially 
when testing for suitable measuring 
positions in complex and compact 
pipe systems.
 By loosening the two screws that 
hold the two halves of the sensor 
together, it is easy to move the mea-
suring device along the pipe. Another 
benefit is that the built-in Pt100 sensor 
can be detached for recurring cali-
bration, which is important in many 
applications.
 The sensor can be adapted to a 
variety of pipe dimensions. No addi-
tional insulation is needed other than 
the enclosed air. Copper contact 
surfaces ensure good heat transfer 
to the Pt100 resistor.

Measure flow 
temperature ex-
ternally  

Model 7908000.

Andreas Holm, a new member of staff 
at the calibration laboratory.
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Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers

Dataloggers
Temperature calibration equipment
Temperature calibration services
Training courses in temperature
Moisture and thickness monitors
Flowmeters

Pentronic’s products and services
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Free subscriptions for your colleagues ?

If you have questions or comments, contact Hans Wenegård: hans.wenegard@pentronic.se

External measurement of internal temperature

Figure 2. The diagrams show 
what a surface temperature 
sensor (S) senses first without 
and then with insulation 
against the surroundings. 
Both sensors measure the 
pipe’s surface temperature. 
Position E corresponds more 
or less to the temperature of 
the fluid.

The temperature of flows in pipes, tubes 
and hoses can be measured in various 
ways. Usually a temperature sensor is 
placed directly in the flow. Another alter-
native is to measure the temperature of 
the outside of the tube and thereby dis-
cover the temperature of the flow. What 
conditions apply to the use of the external 
measurement method?

External contact temperature sensors have 
the distinct advantage that no hole needs to 
be bored in the pipe, tube or other container. 
For hygienic applications like those in the 
pharmaceutical and food industries, it is a 
great advantage to have as few interventions 
as possible, especially when it is temporarily 
necessary to take test readings at several 
places in the process. 

There are several different main types of 
surface temperature sensors for the exter-
nal measurement of pipe systems. Figure 1 
shows some examples. The simplest is a 
thermocouple wire (A) with a welded mea-
suring junction that can be attached with 
tape or cable ties. In order to use the more 
stable and therefore more accurate Pt100 
sensor, model (B) can be used with a heat-
transferring and protective brass body. The 
sides that serve as contact surfaces can be 
flat or milled with one or several radii. The 
sensor is clamped securely to the pipe, e.g. 
with a cable tie or hose clamp. Model (C) sur-
rounds the pipe with two halves of a plastic 
housing that contains a Pt100 sensor. The 
housing serves as the required insulation. The 
sensor is in contact with the pipe via copper 
components, which transfer the heat to the 
sensor. The two halves of the housing are 
held together with two screws, which make 
it possible to easily move the sensor along 
straight sections of the pipe by loosening the 
housing slightly. 

What are we measuring?
In case (D) in Figure 2 the pipe is surrounded 
by air, which can have a low or high velocity 
depending on the surroundings and can 
thereby draw off heat via varying convec-
tion. Radiation from the pipe’s surface also 
contributes to the heat flow. Inside the pipe 
a fluid of some kind is flowing. The sensor 
models (A) and (B) in Figure 1 then show 
the pipe’s surface temperature T3, which 
is indicated by (D) in Figure 2. The inside 

of the pipe wall has the temperature T2 and 
the centre of the flow has T1. The average 
temperature, which is often what we want to 
measure, lies somewhere between T1 and T2. 
As Figure 2 shows, the difference between 
that temperature and the measured T3 is 
considerable. 

Insulating the pipe surface with a mounted 
sensor considerably improves the measuring 
situation. See Figure 2 and (E). The thermal 
insulation means that the heat flow from the 
fluid in the pipe, via the pipe wall and the 
insulation, is greatly reduced compared to 
when there is no insulation at all. Because 
the temperature difference between T1 and 
T5 is still just as great, the lower heat flow 
will reduce the temperature drop (T1 – T3i). 
However, the insulation, with its by definition 
low thermal conductivity, absorbs most of the 
temperature drop (T3i-T5). The purpose of the 
insulation is to restrict the heat flow to the 
surroundings so much that the temperature 
drop through the pipe wall becomes small 
enough for the reading from the sensor (S) 
to become acceptable. It is important to 
extend the insulation in an axial direction 
considerably farther than the actual measur-
ing position. Otherwise some of the heat flow 
escapes out the sides of the insulation and 

the flow is not restricted enough to produce 
the intended effect.

Contact resistance
There are other circumstances that can 
increase the difference between the measu-
red temperature and the desired one. One 
example is the contact between the sensor 
and the pipe’s external surface. Using contact 
paste and ensuring a good fit are recommen-
ded. For pipe diameters from 100 mm and 
up, sensors with a flat surface usually suffice. 
Deficiencies in the conductivity between the 
surfaces have the greatest consequence in 
the case of dynamic processes, that is, when a 
rapid response time is a priority. One example 
would be the detection of rapid temperature 
changes in fluid flows. For very slow changes 
the contact properties are less important.

The circumstances on the inside of the 
pipe wall also affect the measurement pro-
cess. The heat transfer from the fluid to the 
wall is affected by the flow velocity, other 
flow conditions, the type of fluid, and the 
inner surface of the wall material (e.g. dirt 
deposits). If the fluid in the pipe is not a liquid 
but a gas or a gas + liquid, external contact 
sensors should be used with caution because 
the measurement error can be large. 

Figure 1. Different models of surface temperature sensors. A) Thermocouple wire. B) Pt100 
in a brass body with various radii. C) Pt100 sensor built into an insulating housing. NB! Not 
comparable sizes.
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