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Abstract

The retention time was evaluated considering the average speed for the pasteurization (HTST) and
ultrapasteurization (UHT) process at a laboratory scale, using water as fluid. In the UHT process, the
retention time was 2 seconds for a volumetric flow of 27.4 L/h in a tube with a diameter of 6.2 mm and
a length of 0.51 m. A retention time of 15 seconds was verified for a volumetric flow rate of 10 L/h in a
tube with a diameter of 9.6 mm and a length of 0.57 m during the HTS process. It was also possible to
calculate the percentage of pump feed for other food products, which could help ensure a proper
pasteurization process. The use of average speed instead of maximum speed in pilot-scale pasteurizers
whose retention tubes are curved and short is more convenient than the maximum speed used in straight
and long tubes found in commercial pasteurizers.
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Resumen

Se evaluo el tiempo de retencion considerando la velocidad promedio para el proceso de pasteurizacion
(HTST) y ultrapasteurizacién (UHT) a escala laboratorio, usando agua como fluido. En el proceso de
UHT fue de 2 s para un caudal volumétrico de 27.4 L/h en un tubo (diametro = 6.2 mm, longitud = 0.51
m). Se verifico un tiempo de retencion de 15 s para un caudal volumétrico de 10 L/h en un tubo (diametro
= 9.6 mm, longitud = 0.57 m) en el proceso de HTS. También, fue posible calcular el porcentaje de
alimentacion de la bomba para otros productos alimentarios, que ayudarian a garantizar un proceso de
pasteurizacién adecuado. El uso de la velocidad promedio, en vez de la velocidad maxima en
pasteurizadores a escala piloto cuyos tubos de retencidn son curvos y cortos, s mas conveniente que la
velocidad maxima usada en los tubos rectos y largos presentes en los pasteurizadores comerciales.
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1. Introduction

Pasteurization is a heat treatment process designed to inactivate pathogenic and spoilage microorganism,
enzymes and other components causing deterioration of food products and to extend their shelf-life and
safety. Pasteurization systems are designed to operate at specific time-temperature conditions, so holding
tube is an important component, because lethality accumulates in this section, considered in the design
of thermal process. (Singh & Heldman, 2014) The holding tubes may be operated under laminar or
turbulent flow conditions, which depend on diameter and length of the tube, flow rate, viscosity and
density of the fluid. So, the Reynold’s number, Ng,, frequently is used to determine the flow regime
(Tomasula & Kozempel, 2004).

The time-temperature combination is a design problem in which, both microbiological effects and
quality aspects, must be considered, heat treatment is desirable from the microbiological point of view,
but also involves a risk of adverse effects on appearance, taste and nutritional value of products. The
choice of time-temperature combination depends on the quality, the type of product treated, the raw
material, and the required keeping properties. HTST and UHT treatments are techniques for preserving
liquid food products by exposing them to brief, intense heating.(Bylund, 2015) These processes are
widely used in food industries like milk, fruit juice, liquid eggs, dressing, yogurt and beverages industries
to sterilize and extend their shelf life and ensure that they keep their sensory appeal. Validating a
pasteurization process, such as UHT or HTST, includes several considerations, for instance, the length
of the holding tube or the holding time required for this process.

There are different methods to determine these, for example, by measuring the time required for
an injected tracer to traverse the holding tube or by assuming fully developed laminar flow, the length of
the holding tube required for pasteurization can be accurately determined by calculation, this can be done
by measuring the maximum pumping rate of the pasteurizer and calculating the holding tube length, the
precision of the method is usually 2 % of error. It was demonstrated that N, is not a valid predictor of
the holding time in laboratory or pilot-scale pasteurizers.(Tomasula & Kozempel, 2004) Therefore, in
this work holding time of HTST and UHT pilot-scale pasteurizer was evaluated considering the average
velocity instead of the maximum velocity to optimize the operation of the equipment.

2. Methodology
2.1 Materials and Methods

Water was used fluid process for measurement of time in the holding tube. The experiments were
performed in an Armfield (Armfield, Limited) FT74P HTST/UHT plate and frame heat exchanger
equipped with nominal 2 s at 130 °C and 15 s at 72 °C hold tubes, and a variable flow capacity from 0 to
20 L/h. Temperature sensors are located at the exit of the holding tube (T,), at the heat exchanger inlet
from the feed pump (T,), and at the product outlet from the heat exchanger (T;). Figure 1 shows the
simplified process flow diagram. The fluid process is pumped from feed vessel to the heat exchanger by
the feed pump. In the heat section the product is heated to process temperature by pressurized hot water.
The plate heat exchanger includes a re-generation stage, where the hot outgoing product is used to pre-
heat the incoming product. The holding tube is incorporated between the final heating section and the
initial re-generation section and holds the product at the process temperature for a defined time at the
nominal process flow. The inner diameter of the flexible holding tubes (Figure 2), D, are 6.2 mm and 9.6
mm and its length, L¢, 35 mm and 41 mm for UHT and HTST, respectively. The pasteurizer was adjusted
to the pasteurization temperature.

The volumetric flow rate, @, was measured by increasing the flow rate of the feed, from the feed
tank to the heat exchanger, by turning up the feed pump, P, expressed as percentages, using a graduated
cylinder and stopwatch. Experiments were performed in triplicate. The measured range was between 0
and 2000 mL/min (0 — 100 %). Linear calibration of the pump flow rate was determined as a function of
the pump settings. The average velocity, V,,,, was calculated as:

Q
V;wg =2 (1)

where A is the holding time cross-sectional area of the holding tube and was calculated as:


https://www.sciencedirect.com/science/chapter/monograph/abs/pii/B978012398530900005X?via%3Dihub
https://doi.org/10.3168/jds.S0022-0302(04)73403-7
https://www.tetrapak.com/insights/handbooks/tetra-pak-dairy-processing-handbook
https://doi.org/10.3168/jds.S0022-0302(04)73403-7
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A=%D (2)
Holding time was calculated as:

— Vavg
Fp =2 (3)
where L is length of holding tube. It was calculated according to Eq. (4) as the sum of the lengths
of flexible holding tube, temperature sensor adapter, L, exit tube of the heating section, L., and the inlet

tube of regeneration section, L;, (Figure 2). The total holding tube length was 51 mm for 2s, and 57 mm
for 15s.
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Simplified Process Flow Diagram
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Plan view of Plate Heat Exchanger FT74P
Source [Armfield Limited, 2002]

To pasteurization processes for liquid food, the volumetric flow rate conditions required for
pasteurization of food products are shown in Table 1. They were determined using the calibration curve
described in section 3.1, considering that these foods have a flow behavior like that of the process fluid
(water).
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Table 1
Pasteurization Processes for Liquid Food Products

Food Product Temperature/Time

Milk 72°C/15s
Milk UHT 130°C/2s
Juice NFC! or from concentrate, pH < 4.2 80°C/15s
Juice, enzyme deactivation 98°C/10s
Still drinks, pH < 4.2 80°C/15s
Juice, Nectar, Still drinks pH 4.2-4.6 123°C/15s
Juice, Nectar, Still drinks pH > 4.6 138°C/4s
Juice with <10 % pulp 80°C/15s
Juice with >10 % pulp 95°C/15s
! Not from Concentrate

Source [(Tetra Pak, 2021)]
3. Results
3.1 Holding Time

The experimental data of the volumetric flow rate of feed vs the pump setting were fitted to the empirical
Equation (5). The value of the determination coefficient, r?, was 0.9995.

Q =kPr+ Qo (5)
where k = 2.75x 1077; Qo = —8.99 x 10~

Table 2 shows the values of F, obtained at different volumetric flow rates, using the average
velocity instead of the maximum velocity, V,,.,. Through the experiments it was verified, using Equation
(5), that the operating flow for an F; of 15 s was 160 mL/min or 10 L/h, and for F; of 2 it was found to
be 456 mL/min or 27.4 L/h. Laminar and turbulent flow occurred at volumetric flow rates below 275
mL/min and above 456 mL/min, respectively for UHT and HTS. In wall heat exchangers, the product
temperature depends on the position in the equipment, which is measured by the distance, L, travelled by
the fluid being pasteurised.

In laminar flow, if the product velocity is constant throughout the flow and equal to the mean
velocity, the retention time is calculated as Fr = L/Vg,,q. If the fluid is turbulent, the velocity in the flow
axis is less different from the mean velocity than in laminar flow, so the average velocity can be used to
calculate the retention time. In others works, it has been experimentally demonstrated that in laboratory
and pilot scale plate pasteurizers where the retention tube is short and curved (Figure 1), the use of the
Reynold’s number, Ng,, to determine the maximum velocity in the calculation of holding time, L =
FrVax, Cannot be used, since this implies assuming a long and straight pipe as occurs in commercial
pasteurizers. (Tomasula & Kozempel, 2004)

3.2. Pasteurization Processes for Liquid Food

Table 3 shows the required pumping percentage values for the juice and milk pasteurization process,
obtained using Equation (5), for this pasteurizer model. The volumetric flow rates calculated from the
average velocity will allow holding times of 15, 4, and 2 s. These results are like those reported in the
literature for whole milk.(Tomasula & Kozempel, 2004)


https://doi.org/10.3168/jds.S0022-0302(04)73403-7
https://doi.org/10.3168/jds.S0022-0302(04)73403-7
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Table 2
Holding Time at different flow rate of feed

Ultra-pasteurization Pasteurization
L=051m;Di=6.2mm L=0.57m;Di=9.6 mm
VF (OA)) Q (mgls) Vprom (m/s) NRe FT (S) Vprom (m/s) NRe FT (S)

9.8 1.7x10° 0.06 1475 8.9 0.02 567 24.0
20.9 4.6x106 0.15 3893 3.4 0.06 | 1496 9.1
30.4 7.6x10¢ 0.25 6452 2.0 0.10 | 2480 55
415 1.1x106 0.35 9021 1.4 0.15 | 3467 3.9
51.0 1.3x10°% 0.44 | 11146 1.2 0.18 | 4284 3.2
60.5 1.6x10% 0.53 | 13550 1.0 0.22 | 5208 2.6
70.1 1.8x10% 0.61 | 15623 0.8 0.25 | 6005 2.3
81.2 2.1x10° 0.71 | 18225 0.7 0.29 | 7005 1.9
93.9 2.5x10° 0.82 | 20949 0.6 0.34 | 8052 1.7

Source [Own Elaboration]

Table 3
Feed pump for different food product

L (m) Food Product Fr(s) | T(°C) Q (m¥s) | Pg
(%)
Milk 15 72
Juice NFC! or from concentrate, pH < 4.2 15 80
Still drinks, pH < 4.2 15 80 .
0-57" I Juice with < 10 % pulp 15 go| 28x10° | 134
Juice with >10 % pulp 15 95
Juice, nectar, still drinks pH 4.2-4.6 15 123
051 Milk UHT 2 130 | 7.6x10° | 30.4
) Juice, nectar, still drinks pH > 4.6 4 138 | 3.9x10° | 17.3
!Not from Concentrate

Source [Own Elaboration]
Conclusions
Holding time of HTST and UHT pilot-scale pasteurizer was evaluated considering the average velocity
instead of the maximum velocity. This allowed us to determine a holding time of 2 s for 27.4 L/h or 30.4
% of the feed pump for UHT. A flow rate of 10 L/h or 13.4 % pumping rate for a retention time of 15 s
was verified for HTST. Pumping rates could be estimated for different food products. Determining these
process variables is very important and must be precisely specified in food production in relation to its
quality and shelf-life requirements.
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