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APPLICATIONS OF TIME-TEMPERATURE INTEGRATORS FOR VALIDATION OF
PASTEURISATION PROCESSES

GARY TUCKER

Process & Product Development Department
Campden & Chorleywood Food Research Association, Chipping Campden, Glos, GL55 6L.D

SUMMARY

A process validation method was developed using a Bacillus amyloliquefaciens o.-amylase time-
temperature integrator injected into the centre of silicone particles. These amylase particles were
used to validate pasteurisation processes for production scale yogfruit batches of whole 10-12 mm
strawberry, 10 mm pineapple and 17 mm apricot. The kinetic factor (z-value) for the amylase was
9.7 + 0.3 C° over the temperature range 70 - 90 °C, which was within the range of values common
to many pasteurisation treatments. Amylase activity before and after processing was converted to
P-values using the appropriate D value. For most of these high acid products, the target P-value
was equivalent to 5 minutes at 85°C (T,s= 85°C, z=10 C°). Minimum P-values measured using
the a-amylase were 8.3, 6.0 and 9.7 minutes respectively, thus demonstrating the microbiological
safety of these processes. A feasibility study was also conducted on an industrial ohmic plant
using 10-12 mm whole strawberries as the yogfruit product. Encapsulated 5 mm amylase bubbles
were sealed into the centres of 15 strawberries, added to the feed batch and allowed to pass through
the ohmic process unhindered. On retrieval, the amylase activities were assayed and a minimum
P-value calculated of 160 s at 90 °C (T,= 90 °C, z =10 C°); this compared with the target of 90 s.

This technique was developed and demonstrated on continuous pasteurisation processes but can be
applied to almost any process for foods that contain solid particles. It has advantages over
conventional temperature probe systems for foods in which the sensor creates an interference with
the temperature response and where heat conduction along the probe is an issue. There are
economic advantages for using TTIs compared with microbiological methods in addition to the
more rapid analyses that allow processes to be evaluated within hours of removal.
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1. INTRODUCTION AND BACKGROUND

Thermal processing of food products containing discrete particles in sauces is a very important
industry sector, with the market for cook-in-sauces, soups and preserves expanding. The
demand is for products of ever increasing quality to compete with the quality of chilled products
but with the advantage of an extended shelf life. In order to achieve this goal, the delivered
thermal process should be the minimum that gives a safe product. The process delivered to the
centre of the largest, and/or slowest heating particle is therefore critical in order to ensure that
the products are safe to eat, have a long shelf life and are of high quality. The key to achieving
this is to use accurate and reliable process validation techniques that give confidence in the
scheduled processes. Without the ability to measure process values accurately and repeatedly it
is not possible to optimise thermal processes.

Most commercial thermal processes for mixtures of solids and liquids are delivered to the
product after they have been filled into an hermetically sealed container. Temperature probe
systems, such as thermocouples, can be used to take temperature measurements from which the
process time and temperature is established. The technology for continuous processing has been
less readily accepted by the food industry despite the potential benefits it offers to product
quality and plant throughput. Part of the reason for this is the difficulty in establishing the
process, because thermocouples cannot be used here and therefore relatively expensive
microbiological methods are required (Brown et al, 1984).

There are a number of commercially available heating systems for process suspensions of solids
and liquids; these include scraped surface heat exchangers, tubular heat exchangers and direct
steam injection systems. When using these processes for liquid foods, only the thermal process
contribution made within the holding tube is taken into account. However, thermal treatment of
the food occurs throughout the entire heat, hold, cool process, and as a result the product quality
can suffer by not accounting for this. Validation data that allows the total heat treatment, and
hence quality changes, to be measured accurately would be extremely useful and possibly
encourage food processing companies to seriously investigate continuous thermal processing.

The final step, before a thermal process can be commercially applied and the products marketed,
is to validate the pasteurisation or sterilisation achieved in the slowest heating part of the
product. This is a complex task for continuous processes and one that is further complicated by
the presence of particulates.

The objective of this work was to develop a method that used a time-temperature integrator
(TTI) to measure the pasteurisation value (P-value) achieved at the centre of a moving food
particle. Results from case studies are presented for the application of this method to
commercial processes for three yogfruit products: whole 10-12 mm strawberries, a 10 mm
pineapple and passion fruit product, and a 17 mm apricot product. The method was developed
within a continuous processing project but, with minor modifications, is equally applicable to in-
pack processing of mixtures of solids and liquids.

1.1 Time-Temperature Integrator Systems

The use of TTIs as an alternative means of process evaluation to either temperature or microbial
systems has received considerable attention recently (Maesmans et al, 1994; Hendrickx et. al,
1995; Van Loey et al, 1996). The intention of this work was to identify TTIs that could be used
in the temperature range associated with pasteurisation treatments (60 - 105 °C). The kinetics of
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the two TTI systems chosen for this work were both investigated during an EU funded project
led by the Katholieke Universiteit te Leuven (Van Loey et al, 1997a). Hydrolysis of nitrophenyl
glucoside (NPG) and denaturation of Bacillus amyloliquefaciens o-amylase were the TTIs
chosen for their ease of measurement. Within this EU project, the kinetics had been proven for
non-isothermal conditions and reliable analysis methods developed for use in measuring
integrated process values (see table 1).

The respective TTI reaction rates were minimal at ambient temperatures and almost non-existent
at chilled conditions. This simplified the methods required to transport the TTI particles from
the laboratory to the food processing environment, but to ensure that there was as little activity
loss as possible the TTI particles were kept chilled before and after processing.

Table 1: Key Attributes of the Nitrophenyl Glucoside (NPG) and Bacillus amyloliquefaciens
a-amylase TTI Systems

NPG o-amylase
Operating principle Formation of the yellow Reduction in enzyme activity
nitrophenolate ion
Measurement method Colour change Enzyme assay

Active temperature range (°C) 70-130 60-100

Kinetic factor, or z-value (C°) 23.0+1.2 9.7+0.3

Decimal reduction time (min) Dygo = 88.2 Dy 7 =18.7

Process value ‘cook-value’ ‘pasteurisation-value’
Sample size (mL) 0.02 0.02

1.1.1 Nitrophenyl glucoside (NPG)

Hydrolysis of p-nitrophenyl B-D-glucopyranoside (Sigma Chemical Company) in borate buffer
(pH 11.0) was used as a chemical TTI reaction (Adams and Langley, 1996; 1998). The yellow
nitrophenolate ion produced on hydrolysis was shown to be highly stable and to follow first
order kinetics of formation. The z-value was found to be 23.0 + 1.2 C° over the range 91.0 to
121.1 °C, with a D, of 88.2 minutes.

A spectral shift from 300 to 400 nm was observed during formation of the yellow nitrophenolate
ion. In order to apply standard first order kinetics to the hydrolysis of NPG, an accurate estimate
was required of the colour absorbance at 400 nm on completion of the reaction. The final
absorbance at 400 nm (Ag,,)) of the heated NPG solution after complete hydrolysis was
determined by multiplying the absorbance at 300 nm of the unheated NPG solution by 1.66.
Cook values (C) were calculated from the absorbance readings using equation 1 (Williams and
Adams, 1997).
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C= DT[log (Afmal) - IOg (Aﬁnal - At)] (1)

where, Dy is the decimal reduction time (min)
Agpa 1s the final absorbance for NPG at 400 nm calculated from the absorbance at 300
nm for unheated NPG x 1.66
A, is the absorbance for NPG at 400 nm after a specific time-temperature history

The measurements of absorbance were simple and required approximately 5 minutes per TTI
sample. The disadvantage was that the z-value of 23.0 + 1.2 C° was not in the typical spore
destruction range but representative of cooking reactions. NPG was therefore an indicator for
estimating cook values.

1.1.2 Bacillus amyloliquefaciens a-amylase

Inactivation of a-amylase enzyme from Bacillus amyloliquefaciens (EC 3.2.1.1 Type II-A,
Sigma A-6380) was used as a TTI (Adams, 1996). To measure the enzyme activity, 0.02 mL of
a-amylase solution was added to 1 mL of amylase reagent equilibrated at 30 °C, mixed by
inversion, and the rate of increase of absorbance at 405 nm measured between 1.5 and 2.0
minutes after insertion into a spectrophotometer (Unicam PU8700). The z-value was found to
be 9.7 £ 0.3 C° over the range 74.0 to 83.0 °C, with a Dy ; of 18.7 minutes.

P-values were calculated from the initial and final activities using equation 2.

P = Dr[log (Ajnitial) - 108 (Agina)] ()

where, Ay, i the final activity after a specific time-temperature history
A, itiar 18 the initial activity

The measurements of enzyme activity required a reaction rate gradient to be calculated, and
hence were more involved than for the NPG but still only required approximately 10 minutes per
TTI sample. The advantage of a.-amylase over NPG was that the z-value 0of 9.7 + 0.3 C° was in
the typical spore destruction range for pasteurisation organisms. The o.-amylase TTI was thus
relevant to the measurement of P-values, hence a technique was developed for encapsulating o.-
amylase to measure P-values achieved during continuous processes.

1.2  Pasteurisation Treatments
There are numerous recommended pasteurisation treatments (CCFRA, 1992) for thermally

processed foods, the severity of which are dependent on the likely spoilage organisms present
and the contamination levels (see examples given in table 2).
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Table 2: Selected Pasteurisation Treatments Recommended for Thermally Processed Foods

Process Type pH Time/Temperature Equivalent | T,;(°C) | z-value (C°)
Cook-chill >4.5 2 minutes at 70.0 °C 70.0 10.0
Sous Vide >4.5 40 minutes at 70.0 °C 70.0 10.0

‘Psychrotrophic bot’ >4.5 10 minutes at 90.0 °C 90.0 10.0
Acid Fruits 3.7-4.2 5 minutes at 85.0 °C 85.0 10.0
Tomato Products 4.0-4.3 5 minutes at 93.3 °C 93.3 8.3
Tomato Products >4.3 10 minutes at 93.3 °C 93.3 8.3

The a-amylase z-value was 9.7 + 0.3 C°, therefore it was applicable to all of the pasteurisation
treatments highlighted in table 2. The decimal reduction time at 85 °C was 6.95 minutes and at
90 °C was 2.05 minutes. Measurement of the residual activity after processing gave accurate
results within two log reductions in activity. Hence, P-values can be measured up to 14 minutes
equivalent at 85 °C and 4 minutes equivalent at 90 °C. This excluded its use for the two
recommended processes for tomato products (pH>4.3) and for the ‘psychrotrophic bot’ process.

2. MATERIALS AND METHODS
2.1 Particle Construction

Sylgard 184 silicone (Dow Corning Ltd) was used for encapsulating the o.-amylase because it
was transparent, robust, safe to handle, chemically inert and could be moulded into particle
shapes. The physical properties of the silicone had been tested in previous work and shown to be
of a similar order of magnitude to those of food products (McKenna and Tucker, 1991). The
density of the silicone was 1,050 kg.m" resultmg in a final density of the particles similar to that
of the carrier fluids used (ca. 1,000 kg.m" ) Polycarbonate particle moulds were used to
manufacture 50 particles at the same time. The manufacturing process required many steps,
finally resulting in ~ 0.04 mL of the TTI injected into an air bubble at the particle centre, of
which exactly 0.02 mL was required for the analysis.

The particle moulds used for the trials described in this report were for cubic particles with
dimensions of 10 or 14 mm. 50 particles were manufactured in each batch in order to allow
replicates to be processed that ensured the results were representative of the distribution
expected during production. Manufacture of a particle with a small quantity of TTI at the centre
involved a number of stages:

e Mix the silicone base and curing agent in the ratio 10:1 and pour into a shallow tray
e Allow the small air bubbles introduced by the mixing to dissipate

e Use a hypodermic syringe to inject a number water bubbles of ~ 0.04 mL volume into the
silicone, avoiding overcrowding that may lead to bubble coalescence

e Allow the silicone to cure overnight, or use an oven at 70°C to speed up the curing time to a
few hours

e Cut out the water bubbles with a sharp knife to give cubes of ~ 5 mm size
e Mix 50 g of silicone and one third fill each of the 50 particle moulds
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e Cure the silicone until the surface is tacky, using an oven at 70 °C to speed up the curing
time to 1 hour

e Position one bubble cube into the centre of each mould and fill with the remaining silicone to
fully enclose the bubble

e Fully cure the silicone using an oven at 70 °C to speed up the setting time to 2 hours

¢ Remove the cured particles, puncture each bubble with a hypodermic syringe and remove as
much water as possible

e Heat the particles in an oven at 110 - 120 °C for 60 - 120 minutes in order to evaporate the
remaining water so that it escapes as steam through the needle entry hole

e Allow the particles to cool to ambient temperature, ready for use
e Use a hypodermic syringe to fill the bubble with the TTI

e Seal the needle entry hole by cutting away a small part of the silicone and filling with
uncured silicone

e Heat the particles in an oven at 40 °C for 120 minutes to fully cure the silicone
e Keep the particles chilled until ready for use

2.2 Particle Thermal Properties

Thermal diffusivity (o =k / p.C,) is the measure of how fast the centre temperature of a solid
body responds to a step change in ambient temperature. Sylgard 184 silicone (o = 1.02 x 10”7
mZ2.s'!) has a thermal diffusivity approximately 25 % lower than a typical high water content
food particle (o0 = 1.4 x 10”7 m2.s™!). Silicone particles of the same size as food particles would
therefore heat up more slowly, resulting in lower and unrepresentative amylase activities.
Thermal processes established on this basis would err significantly on the safe side from a
microbiological standpoint. However, from the quality perspective, the data could not be used to
analyse the distribution of process values and therefore process optimisation studies would not
be possible. In order to study the distribution of process values, it is necessary to match the
thermal characteristics of the silicone particles to those of the target food particles.

The correct size and shape of the silicone particles can be calculated using a series of simple
expressions (see Table 3) so that they heat up at the same rate as the food particles. These
expressions use the logarithmic heating rate (f;,) as the factor to equate the heating rate of solid
bodies of varying shape, size and dimensions. They were developed for the canned foods
industry (Ball and Olsen, 1957) for use with conduction heating foods. Their application to the
heating of particles is valid because solid food particles will heat mostly by conduction.
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Table 3: Heating Factor Equations for Regular Geometries

Geometry Heating factor

Infinite slab (1D) o.f, =0.933/ az

Finite cylinder 2D) | o.f = 0.398 / (1/a° +0.427/b)

. 2 2 2
Brick (3D) o.f,=0.933/(1/a +1/b +1/c)

Rectangular rod (2D) | o.f, = 0.933/ (1/a’ +1/b)

Infinite cylinder (1D) | o.f;, = 0.398a>

Sphere (1D) wf,=0233a

where, o is the thermal diffusivity (m2.s1)
f;, is the logarithmic heating rate, or the time required to effect a ten fold increase in the
centre temperature once the temperature rise is logarithmic (s)
a, b, ¢ are half dimensions (m)

Selection of the ‘target’ food particle is essential when sizing the silicone particles to represent
the slowest heating particle. This requires a compromise between the food particle dimensions
and thermal diffusivity value for the food, and is not necessarily the largest particle. The key is
to calculate the particle with the largest heating factor, from which the silicone particles can be
sized. It is best that the same geometry is used for the food and silicone particles in order to
ensure similarity in the temperature lag experienced at the particle centre and in the heat transfer
conditions at the surfaces. '

For example, a 10 mm Sylgard particle (Otgyigarg = 1.02 x 107 m2.s°!) has an f, of 76 s which

equates to a typical food particle of 11.7 mm in size (0tg,oq = 1.4 x 107 m2.s1). This conversion
can be carried out for different particle sizes and thermal diffusivities, having first selected the
target food particle.

2.3 Feasibility Studies at CCFRA Using Particles Immersed in a Boiling Water Bath

A series of trials were conducted to assess the accuracy of the integrated pasteurisation (or cook)
values achieved using the TTI method. This was considered a necessary step in order to lend
weight to the argument that the TTI encapsulation method was a viable means to validate
thermal processes. The tests used 10 mm silicone cubes with ~ 0.04 mL of the TTI injected into
an air bubble at the cube centres. All of the tests were conducted in a vigorously boiling water
bath with data recorded at 15 s intervals using a Grant Squirrel logger (Grant Instruments). On
removal of the particles from the bath they were immersed into cold water to stop the TTI
reactions from proceeding.

2.3.1 Cook Values Measured with NPG Particles and Thermocouples

Cook values were measured for 7 particles injected with NPG and 4 with thermocouples at the
centres. Following heating, 0.02 ml of NPG was extracted using a hypodermic syringe and
analysed using the procedure outlined in section 1.1.1.
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2.3.2 Distribution of Pasteurisation Values from Amylase Particles Heated under
Controlled Conditions

The distribution of P-values (T,.; = 85°C, z = 10 C°) was measured using 43 particles injected
with ai-amylase. The mean, maximum and minimum values were compared with those from 0.2
mm type K thermocouple measurements at the centres of 4 particles. Extraction was as outlined
above and analysis of the ai-amylase followed the procedure outlined in section 1.1.2.

2.4  Feasibility Studies to Validate a Commercial Batch-Continuous Fruit Process for a
Strawberry Yogfruit

The first commercial test for the TTI particles was to validate a process for a strawberry yogfruit
product. Figure 1 shows a schematic layout of the key heat transfer and shearing operations for
the fruit processing line. The trial used a 400 kg batch prepared with frozen 10-12 mm
strawberries in a Colflo 67 carrier liquid (National Starch, Manchester). The 10 mm TTI
particles, 12 with amylase and 12 with NPG, were added to the cold batch and allowed to move
within the product according to the mixing patterns. The batch was heated to 90 °C in a steam
jacketed vessel (Giusti) with horizontal scraped surface agitation at about 15 rpm, and held at the
target temperature for 5 minutes before being cooled to 35-45 °C in a 5-pass 50 mm Spiraflo
(Tetra Pak). The product flowrate during cooling was 1,200 L.h™. Figure 2 shows the heating
and holding profile of the carrier liquid, taken by manual temperature sampling at the batch cold
spots. The TTI particles were retrieved from the 400 kg tank at the end of the process using a
course sieve and the product re-used for the next trial.

The objective was to test the integrity of the silicone particles through an industrial process and
thus to gain a measure of the level of pasteurisation achieved. The target thermal process for the
strawberry yogfruit was to exceed the equivalent of 5 minutes at 85 °C (T, =85 °C, z= 10 C°).

The second trial used the reclaimed (once-processed) strawberry batch but with the addition of
30 kg of Colflo 67 slurry (2:1, water:Colflo) to increase its viscosity. The TTI particles, 12 NPG
and 12 amylase, were added to the process vessel and the batch heated until the target of 90 °C
was reached.

The objective here was to assess the progress of the pasteurisation by stopping the agitator every
5 minutes and removing a TTI particle. On finding a TTI particle, it was removed and cooled in
cold water to slow down the chemical reactions; the batch temperature was taken together with
the time of removal (Figure 3). At the end of the Spiraflo cooling process the remaining
particles were retrieved from the product disposal bins using the sieve and labelled as
representing the final batch P-values.
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Figure 1: Schematic layout of the fruit processing line used for production of two batches of a
strawberry yogfruit product
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Figure 2: Heating and holding temperature profile of the strawberry carrier liquid for
batch 1: taken by temperature sampling of the batch cold spots
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Figure 3: Heating and holding temperature profile of the thickened strawberry carrier
liquid for batch 2: taken by temperature sampling of the batch cold spots
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2.5  Validation of a Commercial Batch-Continuous Process for a Pineapple and
Passion Yogfruit

Improvements to the methods used for particle construction were made following the strawberry
process validation trials in order to strengthen the silicone particles. The procedure given in
section 2.1 was the result of experience in the trials at CCFRA and in the fruit processing plant.

The fruit product chosen for the pasteurisation validation trials was a pineapple and passion fruit
mixture, with 10 mm diced pineapple. This was chosen so that the same 10 mm particle moulds
could be used and more replicate particles incorporated into the batches. The processing method
was the same as that described in section 2.4 but with batch sizes of 500 and 430kg respectively.
Temperature sampling of these batches was not done until they were close to 90 °C, otherwise
too much heat would have been lost and the heating times would have been unnecessarily long.

The objective of these two trials was to use the amylase particle method to validate the efficacy
of the delivered thermal process. This included contributions in the processing vessel during
heating and holding, but also during cooling in the tubular heat exchanger.

The product pH target was in the range 3.2-3.5, with a target thermal process to exceed the
equivalent of 5 minutes at 85 °C (T,.; =85 °C, z= 10 C°). The product composition was

26.6 wt% of 10 mm pineapple cubes, with various thickeners (0.36 wt% pectin, 0.23 wt% LBG,
2.75 wt% starch) and sugar, water, flavourings and colourings.

For the first trial, 75 amylase particles were added to the cold product and the batch processed
according to the normal production schedules. This number of particles was chosen so that the
distribution of P-values could be assessed.

For the second trial, 45 amylase particles were added to the cold batch and the vessel operators
instructed to give the batch the minimal process. This was a challenge to the pasteurisation in
that the 430 kg batch size was the minimum that would be run in normal production and as such
would heat up more rapidly than the larger batches up to 800 kg. The reasons for choosing 45
particles to define the P-values for this batch of 430 kg are given in section 2.5.1 below.

2.5.1 Statistical Requirements for Sample Replicates

The number of amylase particles required to fully define the P-values for the 430 kg batch of
pineapple and passion fruit mixture was determined using the sampling plans given in BS 6001:
Part 1: 1991. These guidelines are intended for quality sampling but the underlying thought
process for safety sampling is similar and they provide a rationale for selecting a sample
population.

In statistical terms it is impossible to be 100 % sure that no particle has a P-value less than the
target of 5 minutes since statistical theory assumes that defects will occur and therefore an
acceptable level for defects has to be chosen. Sample sizes become larger and unmanageable as
the degree of confidence increases, and for this reason the Acceptable Quality Level (AQL) for
this product was chosen to be 95 % (or 5 % of defective units). This may seem to have been an
unacceptably high defect level since the sampling regime was used for safety assessment;
however, the amylase particles incurred a significant safety margin because they were the same
size as the target pineapple pieces.
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The ‘defective unit’ as defined in this example was taken to be the end product for this processed
yogfruit, that was a 150 g pot of yoghurt containing 25 % of the pineapple and passion fruit
mixture. A special inspection sampling plan was used with the S-3 level because this
represented one of the more intensive sampling regimes. The calculation of sample numbers
first required a calculation of the number of pots of yoghurt that could be produced from this
430 kg batch. This gave 11,460 pots, for which the sampling plan was designed to ensure that
less than 5 % of pots contained a pineapple with a P-value less than 5 minutes. For lot or batch
sizes between 3,201 and 10,000, the number of samples to be randomly selected at special
inspection level S-3 was 32.

To ensure that no P-values were less than 5 minutes in the production process it was necessary to
build in a safety margin in designing the amylase particles. This was achieved by utilising the
thermal properties of the silicone encapsulating material that were approximately 25 % less than
those of the fruit products. Manufacturing the amylase particles to be the of same size as the
target fruit pieces ensured that the process would be measured safely.

The number of particles to be used will vary with different processes and careful consideration
must be given to this issue and the subsequent use of the results.

2.6  Validation of a Commercial Batch-Continuous Process for an Apricot Fool Yogfruit

Having improved on the method for manufacturing the 10 mm amylase particles, a trial was
conducted to validate the pasteurisation achieved at the centre of a larger fruit piece. The
product chosen was an apricot fool that contained roughly chopped apricot given as a nominal
20 mm. On sorting through several kilos of apricot it was decided that the largest and therefore
the target particle was equivalent to a 17 mm cube of apricot. The silicone moulds were
constructed for 14 mm cubes in order that the P-values measured with the amylase particles were
representative of the target apricot particles, albeit with a small oversize margin for safety. The
calculation procedure used to determine the appropriate silicone particle size is given in section
2.2, with the thermal diffusivities of the silicone and pineapple as before.

The heating methodology was the same as that described in sections 2.4 and 2.5, but with a
batch size of only 325 kg, the time to reach 90 °C was reduced. 45 amylase particles were added
to the cold batch and the vessel operators instructed to give the batch the minimal process as a
challenge to the delivered pasteurisation. Temperature sampling of the processing vessel was
done at infrequent intervals until the temperature was close to 90 °C (see Figure 4). When
processed, the product was hot filled into 5 kg Pergall bags directly from the vessel and the bags
cooled rapidly in a forced convection chiller.

The objective of this trial was to use the amylase particle method to validate the efﬁcacy of the
delivered thermal process.

The product pH target was in the range 3.3-3.8, with a target thermal process to exceed the
equivalent of 5 minutes at 85 °C (T,; =85 °C, z= 10 C°). Product composition was 44 wt% of
17 mm apricot, 8.9 wt% of Clearam CH20 starch thickener added as a 1:2 slurry, and sugar,
water, flavourings and colourings.
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Figure 4: Heating and holding temperature profile of the apricot fool carrier liquid: taken by
temperature sampling of the batch cold spots
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2.7  Validation of a Commercial Ohmic Process for a Strawberry Yogfruit

A feasibility trial was conducted on a commercial scale ohmic heater (APV Ltd). The 75 kW
ohmic heater used four PTFE lined electrodes which gave a capacity of 750 kg. h! (see Figure 5).
Heating of the strawberries took place via volumetric resistance heating and at a faster rate than
the surrounding carrier liquid. This was controlled using the electrical conduct1v1ty of the batch,
which was measured at around 0.24 S.m™ . Cooling was achieved using a series of water cooled