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A laboratory-scale pasteurization system has been developed for the rapid heating and cooling of liquid products such as
juice and wine. The equipment was built with commercially available components and provides fast and accurate
pasteurization of small samples (23 L). The system may be operated in two modes; product heated from 0 to 85°C at 4 L/
min for hot bottling, and product heated to 85°C then cooled to 20°C at 5 L/min for flash pasteurization.

INTRODUCTION

The purpose of heat processing is to
destroy microorganisms; the destruction of
all microorganisms present is called steri
lization. This is usally accomplished at
temperatures above 100°C. "Pasteuriza
tion" means heating at temperatures below
100°C and the primary purpose of this
heating is to destroy microorganisms that
are relatively heat sensitive such as
non-spore-bearing bacteria, yeasts and
moulds. The percentage of micro
organisms killed is dependent on factors
such as product type, pasteurization tem
perature, and duration of heating. The sec
ond purpose of this heat treatment is to
deactivate enzymes. If this treatment is not
done adequately, there could be signs of
enzymatic spoilage in a microbiologically
stable product. The overall objective of
pasteurization is to ensure that the quality
of the product will remain acceptable after
a lengthy storage.

Continuous processing is superior to
batch processing because it is easier to
obtain uniform heating of a liquid product
and it is better suited for the requirements
of bottling. This type of system also allows
the product to be rapidly cooled imme
diately after pasteurization if hot bottling is
not required. This heating and quick cool
ing is referred to as flash pasteurization.
For these reasons the juice and wine in
dustries favor continuous pasteurization
systems.

At the Horticultural Research Institute

of Ontario, several small batches of experi
mental juices and wines had to be pre
served for future evaluation. To accom

plish this, a laboratory-scale continuous
flow pasteurizer (Fig. 1)was developed for
flash pasteurization and hot bottling.

SYSTEM DESIGN

A system schematic diagram of the
Vineland Mobile Pasteurizing System is
shown in Fig. 2. The heart of the system is
an Alpha Laval model P20 plate heat
exchanger. The product is heated by cir
culating hot water through the plates of the
heat exchanger in a counter-current manner.

Heating System
Hot water was chosen as the heating

medium in the heat exchanger because an
electric heating coil can be used in the case
where steam is not available. The essential

components of the system are the hot water
tank, water pump, and flow control valve.

The hot water is heated by injecting

Figure 1. Mobile juice and wine pasteurizer used for hot bottling and flash pasteurization.
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Figure 2. Schematic diagram of pasteurization system. A, stainless steel water reservoir; B, hot
water thermostat; C, steam solenoid valve; D, hot water pump; E, heat exchanger;
F, water temperature sensor; G, temperature gauge; H, flow control valve; I, product
temperature sensor; J, temperature controller-recorder; K, air cylinder; L, water relief
valve; M, product pump.
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Figure 3. Schematic diagram of plate heat exchanger and product flowpaths. The heated product
is either removed through the bottling valve (N) or bypassed to the cooling section
through valve (Q) to complete the flash pasteurization process.

steam into a coil located inside a 45-L

stainless steel hot water reservoir (A)
(Fig. 2). The operating temperature is
maintained by means of an adjustable
thermostat (B) that operates a two-way

solenoid valve (C). This valve regulates the
flow of low-pressure steam into the coil.
When the water reaches its operating tem
perature, an Armstrong model 4260 cen
trifugal pump (D) is turned on to circulate

the water through the heat exchanger (E).
The water temperature is measured with a
temperature sensor (F) as water flows
through the system. This temperature is
presented on a panel mounted gauge (G).
The flow of hot water is regulated by means
of a Jordan Mark 70 automatic flow control

valve (H). A remote sensor (I) located in
the product outlet line of the heat
exchanger senses the temperature of the
product and transmits it to a Partflow
Model RFA temperature controller-
recorder (J). This pneumatic controller
activates the air-powered flow-control
valve (H) thus regulating the flow of hot
water through the system to match the heat
demand. Compressed air is supplied to the
controller from a compressed air cylinder
(K) equipped with a pressure regulator.
The hot water system is provided with a
relief valve (L) that protects the heat
exchanger from excessive pressures. The
maximum water flow rate can be control

led by means of a ball valve (S) (Fig. 2).
For both hot bottling and flash pasteuri
zation the hot water flow rate was set at
9 L/min.

Heat Exchanger
The heating surface of the heat

exchanger consists of corrugated stainless
steel plates clamped together in a frame
and sealed at the edges with rubber gas
kets. The plates are provided with corner
ports arranged so that the two fluids flow in
alternate interplate channels, in a counter-
current direction.

Maximum working temperature for the
heat exchanger is 98°C and its maximum
working pressure is 414 kPa. Maximum
allowable flow rates in the heat exchanger
are 50 L/min for the heating and cooling
medium and 8 L/min for the wine or juice
product. The heat exchanger surface area
is 5.25 m2 with a heat transfer coefficient
of5.83kW/m2°C.

Product Flow

Adjustable flow of the product is
achieved by means of a Waukesha model
3DO stainless steel variable speed pump
(M) (Fig. 2). This rotor-type sanitary
pump has a volumetric displacement of
34 mL/revolution and a port size of
2.54 cm. Its speed range is 50-500 rpm
with pressures up to 1034 kPa. Speed vari
ation is accomplished using a " V" belt and
dual variable pitch pulleys mounted on
parallel shafts. Also included in the drive
is a helical gear reducer. The flow from the
rotor pump can be varied by manually
altering the pulley diameters on the vari
able speed drive. Product flows can range
from 1L/min to 12L/min. The pump was
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set to deliver 4 L/min for hot bottling and
5 L/min for flash pasteurization.

The product is pumped through a flexi
ble food grade hose to the inlet of the heat
exchanger where it is heated to 85°C. Dur
ing hot bottling the heated product is
removed through a three-way bottling
valve (N) (Fig. 3). A digital thermometer
probe (O) is inserted in the hot product
flow line and provides a visual check of the
temperature.

A relief valve (P) is installed in the
product flow line to protect the heat
exchanger from exceeding its maximum
operating pressure. Also provided in the
product line is a by-pass valve (Q) that
allows the product to circulate through the
cooling section of the exchanger. Product
is cooled in the cooling section of the plate
heat exchanger by circulating cold tap
water through alternate interplate chan
nels. In this way, rapid cooling of the prod
uct to 20°C is achieved. A three-way valve
(R) (Fig. 2) is used to flush the heat
exchanger with tap water once the product
flow has stopped.

PERFORMANCE

Initial problems were encountered with
the pasteurizerdue to rust formation in the

hotwatersystem. This problemwassolved
by substituting steel lineswithcopperpipe
and replacing the cast iron pump with a
bronze centrifugal pump. During pre
liminary tests with the pasteurizer, the
product pump would lose its prime and
allow the juice to be overheated. This over
heating of the product produced fouling
and poor heat transfer inside the heat
exchanger. As a solution, the plates in the
heat exchanger were cleaned and a three-
way valve installed so that the product
could be flushed out with tap water. Subse
quent tests proved that the system effec
tively pasteurized fruit juices and wines.

The hot water reservoir size was ideal

for the heating requirements of this low-
capacity pasteurization system. Higher or
lower pasteurization temperatures could be
achieved by adjusting the temperature and
flow rate of the heating medium.

DISCUSSION

The pasteurizer was designed and built
to pasteurize samples of grape juice. This
juice is pumped out of 25-L bottles,
through the pasteurizer, and then into
700-mL bottles. This unit was developed
in 1982, and tested over a period of 2 yr at
the Horticultural Products Laboratory of
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our Institute. There was no evidence of

spoilage in the juice after 2 yr of storage.
Although the system is only laboratory

size, its capacity can be increased for com
mercial application by increasing the
number of plates on the heat exchanger,
and by increasing the capacity of the hot
water and product flow pumps. All sensors
and instrumentation controls would

remain essentially the same.

CONCLUSION

This small-scale pasteurizer has proved
to work effectively for the pasteurization
of liquid products at a temperature of 85°C
and at a flow rate of 4 L/min. The mobile
unit offers a low-cost solution for pas
teurization of pumpable products and
serves as a test model for a commercial

unit. Tests with the pasteurizer will con
tinue so that further information on its

effectiveness can be obtained.
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