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The intention of this book is to present some of the knowledge
acquired during many years of practical work on the quality
control and quality assurance of long-life products. Different
factors have an impact on product quality — the standard of the raw
materials, the equipment involved, the processes applied, opera-
tional procedures, installation, and so on. In order to produce a
high quality product, a thorough understanding of these factors is
necessary. An attempt has been made to discuss and present the
material in a comprehensible way concentrating on microbio-
logical aspects. The HACCP (QACP) concept has been used as a
model for process control.

UHT-treated and aseptically packaged products have been
produced in large quantities for quite some time. So far, the litera-
ture available concentrates on particular aspects of product and
equipment characteristics and the technology involved. A more
general presentation appears to be lacking. Hopefully, our work
will help close the gap.

To a large extent, the available “old” literature has been
consulted. The new literature is readily accessible through data
profile searches. In addition, more than 25 years of practical field
experience has gone into this study.

The different topics are arranged in such a way that each chap-
ter stands as an independent entity. Of necessity, this has led to
some repetitions. We hope that the reader will accept the problem
and make allowances for the consequences. It is also our hope that
this study will contribute to the production of long-life products
with a high level of quality.

Finally, we would like to express our appreciation to all the
Tetra Pak people who have helped to prepare this book and who
have contributed with valuable comments on the contents. This
applies particularly to Gosta Odelberg B. Sc., Regional Manager
FiSQA (Field Service Quality Assurance) and Dr. Charles Sizer.

fikarp, August 1998

Dr. Bernhard von Bockelmann Dr. [rene von Bockelmann
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Introduction

Commercially sterile products have been on the market for a long time. Direct
UHT (Ultra High Temperature) processing was introduced at the beginning of
the 20th century. At that time, the technology was used only as a pre-treatment
for products to be filled into cans for subsequent retorting. The first UHT-treated
and aseptically packaged products were in cans and were shown at an agricultural
exhibition in London in the mid 1920s. The product (milk) was not a commercial
success. During the early 1930s, aseptic canning was developed in the USA (69).

In 1961, aseptic packaging procedures were introduced (74, 93, 243) using
flexible packaging material (a laminate of wax, paper and polyethylene): the
Tetra Pak system (“Tetra Classic Aseptic” or TCA system). The paperboard
carton and black colouring provided protection against the entry of light. How-
ever, gas barrier characteristics were rather poor. In the meantime, UHT process-
ing systems were in more general use. After initial problems, the combination of
UHT processing and aseptic packaging in the TCA system gained market success
(“long-life products™).

In 19609, a brick-shaped package was introduced (‘“Tetra Brik Aseptic” or TBA
system). The structure of the packaging material was more complex: a poly-
ethylene-paper-polyethylene-aluminium foil-polyethylene laminate. Such a
material provides protection against the entry of light and acts as an effective gas
barrier. The shape of the container offered considerable advantages in storage,
transportation and handling. It also provided the real breakthrough for UHT
processing and aseptic packaging technology. Today, larger quantities of both
low and high-acid, shelf-stable food products are processed by inflow (UHT)
methods and subsequently packaged under aseptic conditions. Milk and
milk-based products were the first long-life food products and still remain the
largest commodity in terms of volume.

Processes that stabilise food thermally have been a major benefit to mankind
by providing stability and safety in food. Although commercial canning is
probably the most reliable and safest method of food preservation, it is not
perfect. In trying to improve the technology, the present low risk of contamina-
tion present in simple straightforward technologies must sometimes be sacrificed
to gain better quality and economy.

Aseptic technology is considered to have the following
advantages over conventional technologies (254):

Figure 1. Canning

Figure 2. Tetra Classic Aseptic Package

g

Figure 3. Tetra Brik Aseptic Package

Type of Package  US Dollar/1000

a) new package forms; Metal can 100
b) savings in energy and packaging costs; Compesiie ealn <

& &y P £mne ’ Glass bottle 75
¢) convenience; and Aseptic cup 60
d) improved product quality. Aseptic carton 50

A comparison of the price of different packaging alternatives

In table 2, the total cost of canning is compared to the
production of a long-life food product (table 2, 179).

Table 1. Cost of Containers Made of Different
is shown in table 1 (278). Materials

Aseptic
Cans, Carton,
DM/1000 DM/1000

Packaging material 225 140
Outer wrapping 13 12
Processing and filling 11 21
Total 249 173

Table 2. Cost of Canning and Aseptic Cartons Made of
Paper-Based Laminates






1. UHT Processing

Summary

Food products are processed by UTH Methods in order to obtain a commercially
sterile product. Rapid heating, short holding and rapid cooling minimise the
occurrence of chemical change. A short description is given of the principles
involved in indirect and direct heating systems.

1. General

Ultra-high-temperature treatment is a continuous inflow process. It is based on
the rapid heating of the product to the sterilisation temperature and short holding
at that temperature, followed by rapid cooling. The purpose of UHT treatment is
to achieve commercial sterility of the product. Full sterilisation efficiency
requires rapid heat transfer which is only possible in liquid systems. If powders are
used in the formulation of a product to be UHT-treated, special attention has to be
paid to proper soaking: all powder particles must be completely wetted through.

1.1 Low-Acid, Liquid-Food Products

Low-acid food products are characterised by a pH value of > 4.5 or > 4.6,
depending on local food legislation. These products require careful treatment
because:

a) microorganisms can grow and multiply. Bacterial spores are also able to
germinate and cause product spoilage;

b) practically all pathogenic (disease-causing) microorganisms can develop.
Consumption of products thus spoiled may lead to food poisoning and/or
food-borne infections.

Typical processing temperatures for low-acid foods are 130-150°C with holding
times of a few seconds (60), usually 4 seconds.

1.2 High-Acid Liquid-Food Products

High-acid food products have a pH value equal to 4.5 or 4.6 or less. These are
mainly fruit juices, fruit juice drinks and “belly washers”. High-acid food
products are safer than low-acid foods because:

a) they are not prone to pathogenic bacteria and are therefore regarded as safe
from the point of view of public health;

b) bacterial spores cannot germinate under high-acid conditions and, conse-
quently, cannot cause food spoilage;

c) the sterilising efficiency of any heat treatment increases with decreasing pH.
Thus, lower temperatures can be applied in order to achieve commercial
sterility;

d) in addition, some organic acids common in fruits specifically decrease the
temperature resistance of possible spoilage organisms;

e) the main spoilage microorganisms are yeast, mould, and a few bacteria
(Lactobacillus, Streptococcus, and some others).

Processing temperatures for high-acid foods are rather low. With few exceptions
temperatures of 85-95°C with holding times of 30 to 15 seconds, sometimes a
few minutes, are sufficient (60). However, there are some exceptions, particularly
tomato products which may require considerably higher temperatures, often
above 100°C. The pH values of a number of fruits and fruit juices (131) are given
in table 1.

Purpose of
UHT Treatment

Low-Acid Products:
Processing Conditions

Product

Apple Juice
Apple Sauce
Apricots
Blackberries
Blueberries
Cranberry Juice
Currant Juice
Fruit Cocktall
Grapefruit Juice
Grapes

Lemon Juice
Orange Juice
Tomato Juice
Pineapple Juice

pH

3.3-3.5
3.4-35
3.5-40
3.0-4.2
25-2.7
3.0

3.6-4.0
3.6-4.0
29-34
3.3-45
22-26
3.0-4.0
3.9-47
3.4-37

Table 1. ph of Fruits and Fruit Juices

High Acid Products:
Processing Conditions
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Figure 1. Flow Chart: Production of
Acidified Food Products
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Figure 2. UHT Treatment: Indirect Systems
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1.3 Acidified Liquid-Food Products
Acidified foods are low-acid products, the pH of which has been lowered into the
high-acid range by pre-processing. Such products have the same microbiological
advantages as high-acid food products. The acidification process is crucial. It is
necessary to achieve an even and low pH throughout the product. Acidification
can be carried out biologically by the addition and growth of a starter culture,
usually Lactobacillus and/or Streptococcus followed by a ripening period at a
suitable temperature. Another possibility is an artificial or chemical procedure in
which an acid (usually citric or lactic acid) is added to the product which has to
be mixed thoroughly afterwards (Figure 1).

To achieve commercial sterility, the acidified product has to be processed
after the acidification process, usually by heat treatment, and then packaged.

2. Indirect UHT Systems

A heat exchange surface separates the product from the heating or cooling media
in indirect UHT systems. The heating medium may be either steam or super-
heated water (Figure 2).

A time-temperature diagram for indirect systems is shown in figure 3.

Typically, the product enters the steriliser via a balance inlet tank and a
centrifugal feeding pump at about 4°C. Subsequently, it is heated to 70-75°C, at
which temperature the product is homogenised. For milk homogenisation,
pressures of 200 to 250 kg/cm? (150 to 200 at the first stage, and about
50 kg/cm? at the second) are often used. The homogeniser is a positive piston
pump which pushes the product through the remaining equipment directly to the
aseptic filling machine or into an aseptic tank for subsequent filling. Sterilisation
temperatures are usually between 135°C and 140°C. Holding times between
2 and 6 seconds at the sterilisation temperature are common. Though more
expensive, downstream (aseptic) homogenisation results in better flavour charac-
teristics for some products.

In order to lower the oxygen content of the product, deaeration can be
introduced prior to upstream homogenisation. Milk entering the steriliser is
normally saturated with oxygen. Since indirect working sterilisers are closed
systems, the incoming and outgoing oxygen content of the product is the same.
Depending upon temperature, milk may contain 6 to 9 ppm of oxygen (ca 7
ppm), (168). Passing a vacuum chamber (deaerator) at high temperature prior to
homogenisation (~ 70°C), the oxygen content can be reduced to about
< 1to 3 ppm (0.3 - 0.9 ppm), (168). The degree of deaeration depends upon the
temperature and the underpressure applied in the process.

During heat processing, deposits form on heat exchange surfaces, particularly in

Temperature °C

135-140

Protein Stabilisation

i
Deaeration
1

Homogenisation

=90

70-75

ambient
Product out

Balance Inlet Tank Time
Feeding Pump

Figure 3. Time-Temperature Diagram: Indirect Heating
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Pre-Heating
=70°C

Heating Holding
=90° C (=1 to 5 min)

Deaeration

Deaerated
Protein-Stabilised
Product

Cooling Holding Final Heating

Figure 4. Flow Chart: Indirect Heating

the temperature range > 80°C. In order to
reduce this deposit formation and thus
prolong the running time, a holding cell
can be introduced: the product (milk) is
held for a few minutes at a temperature
of about 90°C (Figure 4). Indirect systems Final Cooling
offer good possibilities for regenerative an
energy recovery: the incoming product
is heated by the outgoing.

In the equipment shown in figure 5, ' Water
a pressure drop takes place. As a con-
sequence of this, the pressure of the
incoming product is higher than the
pressure of the commercially sterile
outgoing product. Leakage in the re-
generative section and the final cooler
may lead to reinfection. This risk can be
eliminated by introducing a “booster

Final Cooling

Product
pump” after the final heating section out

figure 6).
Advantages of indirect UHT systems are:

Water

a) technically, they are relatively
simple;
b) they are comparatively inexpensive in terms of investment cost;

c) they permit high values of regenerative energy recovery (for plate heat
exchangers up to 93%);

d) they require limited service;

e) they have comparatively low running costs.

For both plate and tubular (single and multiple tube) systems for commercial
production, the capacity range available is from 2,000 to 30,000 litres/hour or

even more.

3. Direct UHT Systems

Direct UHT plants feature direct contact between the heating medium and
the product. The heating medium is usually steam but electrical heating
(“Elecster”, “Ohmic”) has been introduced to a very limited extent

(figure 7).

Electrical heating features the passage of an electrical current through
the product. Although it is also used for liquids, the system is mainly
intended to be applied in the sterilisation of products containing particles.
Commercial application is very limited although a number of plants have

Product in Final
Heating i l IR

Deaeration
Stabilisation

Out Steam in

4

Product in Heati Final .
eating Heating Holding

Regenerative

Heating/Cooling

Figure 5. Flow Chart: Regenerative Energy
Recovery

Out Steam in

Booster
Pump

Regenerative

Heating/Cooling

Figure 6. Flow Chart: Indirect Heating,
Booster Pump to Ensure Overpressure

Advantages
Indirect Systems

Direct UHT
Systems

<

Injection Heating

Infusion Heating

Electrical Heating

Figure 7. UHT Treatment: Direct
Systems
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Steam in Steam out
Product in
Product in » Holding Tube
« Steam in

H Steam out

Homogeniser Final Cooling
Holding Tube

Aseptic pump

Figure 8. Injection System

Homogeniser Final Cooling

Aseptic pump

Figure 9. Infusion System
been installed in the research and development departments of some major food

and animal-feed processing companies. One problem is the difference in electri-
Electrical Heating cal resistance which can exist between the liquid and solid phases. Other prob-
lems generally associated with the processing of products containing particles are
those of separation during processing and aseptic transfer, and mechanical
damage to particles softened by processing.
Injection implies direct steam injection into the product. In infusion plants,
the product is infused into a steam chamber.

Boiler
Boiler Feed Water Only Approved Agents
Potable Quality For Removal or Prevention
of Scaling and Sludge

Piping

Cyclone Filter
Removal of Condensate
and Particles

Culinary Steam Stainless Steel Piping Active Carbon Filter
Prevention of Contamination Removal of Impurities

Figure 10. Flow Chart: Culinary Steam

Injection and infusion systems must be operated with culinary steam.

The minimum requirements outlined in figure 10 must be observed for the
steam in such plants (not necessary for electrical heating). Indirect working
plants should also use culinary steam especially if they are sterilised with steam.

The US Department of Health and Human Services (17) lists the following
requirements for culinary steam:

Steam Requirements

1. Boiler Feed Water: If boiler feed water is treated, the process must be under
the supervision of trained personnel. Only compounds complying with
Section 173.310 of 21 CFR (258) may be used to prevent corrosion and scale.

2. Boiler Operation: A supply of clean, dry saturated steam is necessary for
proper equipment operation. It is recommended that periodic analysis be
made of condensate samples.

3. Piping Assemblies: The steam supply line should be as shown in figure 11.

Steam in Filter F—H Regulating Valve H Purifier H Usage

Figure 11. Flow Chart: | Pressure Gauge . Condensate Trap

Steam Purification
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A typical time-temperature diagram for direct heating is Temperature °C
shown in figure 12.

The product enters the steriliser via a balance inlet tank
and a centrifugal feeding pump at a temperature of about
4°C. It is heated by plate or tubular heat exchangers to
about 70°C. At this stage, steam is injected into the product | |
or the product is infused into a steam chamber. Steam B |
condensation increases the temperature almost instantane- Steam E”""Jﬂ&%é’é‘é‘i‘s”er
ously (~ 0.1 sec in injection and ~ 0.25 sec in infusion i
systems) to the sterilisation temperature which is typically
between 145°C and 150°C. The average holding time at the
sterilisation temperature is usually around 4 seconds. In ambient
both the injection and infusion processes, water condenses 4 gductent
in the product and dilutes it. Depending on the temperature
difference, an increase in volume of about 10% results. This Time
water must be subsequently removed. The outlet of the Feeding Pump Figure 12. Time-Temperature
holding cell connects to a vacuum chamber. To prevent Diagram: Direct Heating
boiling in the product holding cell, a sufficient overpressure by a suitable restric-
tion device must be introduced. Being exposed to underpressure, the product starts Direct Heating
boiling vigorously and steam is flushed off. Careful adjustment of the injection
(infusion) temperature and the underpressure in the vacuum chamber guarantees
the same dry matter content of the incoming and outgoing product. The resulting
pressure drop requires the installation of an aseptic extraction pump for further
product transportation. In order to avoid an accumulation of product in the
expansion cooler or its emptying, the capacity of both the product feeding pump
and the extraction pump at the outlet of the expansion cooler must be carefully
matched.

Cavitation forces during steam condensation and the boiling in the expansion

@ cooler destabilise milk protein and fat. To compensate this effect requires
downstream homogenisation which has to be done under aseptic conditions.
Homogenisation pressures for milk are usually 200 to 250 kg/cm? (150 to 200
kg/cm? at the first stage and about 50 kg/cm? at the second). The homogeniser
pushes the product through the final cooling section of the steriliser, either into a
sterile tank or directly to the aseptic filling machine.

In the expansion cooler, not only water is removed from the product but also
all other volatile compounds. In addition, the vacuum chamber functions as a Removal of Gas:

145

very effective deaerator that removes oxygen and other dissolved gases, mainly DEETTEMIE]
carbon dioxide (CO,). As a consequence, the freezing point increases. At the
outlet of the expansion cooler, the oxygen content of milk is down to ~ 0.1 ppm.
Advantages of injection and infusion heating are:
a) alower total heat load, as a result of which fewer chemical changes are PGS
inflicted on the product; Direct System

b) less scaling, particularly in the temperature range of 70°C and above resulting
in longer production runs (less frequent cleaning and sterilisation);

c) the low oxygen content in the product increases the stability of some vitamins
and, during storage, reduces flavour changes caused by oxidation;

d) more suitable for viscous products.
Recently, special UHT heat exchangers have been developed combining
direct and indirect heating. In one assembly, tubular heating and steam injection
have been combined. The product enters at ~4°C and is heated to 95°C by
tubular heat exchangers. It then passes a holding cell at the same temperature to Combination: Direct
stabilise the protein. Steam injection raises the temperature almost instantly to and Indirect Heating
140-150°C. The product is held at this temperature for a few seconds before
being cooled down. Pre-cooling is performed in a tubular heat exchanger where



Figure 13. Time-Temperature Diagram:
Combined Indirect and Direct Heating

Thermo-
sensor

A + B = Aseptic Fillers

Figure 14. Flow Chart: Plant Sterilisation

Ambient

Temperature °C

145

=130

Protein
=95
Extraction Pump

Homogenisation

Stabilisation
=80

Product out
4

Balance Inlet Tank Time
Feeding Pump

the heat energy is utilised for regenerative heating. The injected steam is flushed
off as vapour in a vacuum cooler. The temperature drops to 80°C. Aseptic homog-
enisation is needed. Subsequently, the product is cooled down to ambient and
filled aseptically.

4. Plant Sterilisation

Prior to production, the equipment must be sterilised. This can be achieved either
by superheated water or by steam. Because of the expansion and infusion vessels,
direct working systems must be sterilised by steam. It is essential that the
temperature controller/guarding sensor is placed at the most sensitive spot,
usually somewhere in the return.

If superheated water is used to sterilise the plant, the temperature, time, and
flow rates are critical (142). Possible air pockets and the interface between the
product steriliser and the aseptic tank circuit are significant. Air is effectively

removed from the system if the flow rate is > 1.5 m/second.
An additional sterilisation circuit is required in installa-
septi tions operating through an aseptic tank. The sterilisation
Tank medium is always steam. In steam sterilisation processes, a
possible problem is condensate which must be removed from
= the system.

Sterilisation of the aseptic filling equipment is always
performed separately either by heat alone or by chemicals
and heat. Attention should be paid to the interface between
the product line and the filler.

=
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2. Aseptic Packaging

Summary

The chapter describes different principles of aseptic packaging, primarily those
for packaging systems using paperboard-based packaging materials and hydrogen
peroxide (H,0,) as a sterilant. Attention is also paid to the sterilisation of the
packaging material, the sterile environment in which the packages are formed,
filled and sealed, and the production of tight containers.

1. General

UHT processing results in a commercially sterile product. The task of the aseptic

packaging operation is to:

a) maintain the high microbiological quality of the product for the length of its
intended shelf life; and

b) retain consumer acceptance with regard to the flavour, texture and nutritional
value of the product during its promised shelf life.

Four different principles of aseptic packaging are distinguished (74):
a) filling in a sterile working area;

b) aseptic filling into pre-formed containers;

c) aseptic filling into pre-formed sterile containers; and

d) the aseptic form-fill-and-seal method.

By and large, only the aseptic form-fill-and-seal method will be covered, which
is also the best and most successful technology. Such an aseptic packaging
operation requires several functional steps (figure 1) (60, 61, 74, 86).

2. Sterilisation of the Packaging Material

In aseptic packaging procedures, sterilisation of the packaging material (food
contact surface) is achieved with few exceptions by chemical means (61). By
far the most common chemical used for this purpose is hydrogen peroxide
(H,0,) (93, 142). Of importance are the microbiological efficiency of the sterili-
sation process and the elimination of the chemical which might get into the filled
product as a residue.

Depending on the make of the aseptic packaging equipment, different means
of applying the sterilant are used:

1) spray;
2) vapour;
3) roller systems;

4) immersion bath, etc.

2.1 Spray Application

The spraying (“fogging”) of hydrogen peroxide is used in some aseptic packag-
ing systems which operate intermittently and use pre-formed blanks

(61, 74,93, 171).

A certain amount of H,O, is sprayed into each pre-erected container through a
spray nozzle (figure 2). For proper function (sterilisation), the food contact
surface of the container needs to be covered completely with the spray solution.
Because of the hydrophobic characteristics of plastic materials in general and
polyethylene in particular, it has been found (91, 145) that only 20-30% of the
carton surfaces are wetted. In spite of this, good killing effects were achieved: up to 6
log reductions when tested with Bacillus subtilis spores have been reported (145),

o

Commercially
Sterile Product

Sterile
Environment

Sterile Packaging
[EICE]

Long-Life
Product

Tight Containers

Figure 1. Functional Steps Involved in
Aseptic Packaging

Application of
Hydrogen Peroxide

Efficiency of
Spray Application
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Sterile, Prod
Hot Al roduct probably because of the subsequent

evaporation. Hot sterile air is blown into
the container to attain the temperature

Hydrogen
Peroxide ' '
A necessary for the sterilisation process

and to remove the H,O, from the food

contact surface. Using sterile air at
-} 180°C for drying, 5 to 7 decimal

reductions of Bacillus subtilis spores

Pre-Formed Sterile Filling Closed were attained (91, 113).
Container Container Container . X
The killing efficiency of low concen-

Figure 2. Flow Chart: Spray Application of Hydrogen Peroxide .
in the Sterilisation of Packaging Material trations (~ 0.5% or less) of hydrogen

peroxide was greatly enhanced by the
simultaneous use of ultraviolet radi-
ation (44, 45).

Hy dro_gen - ﬁtoetri}\?; Product . .
Peroxide 2.2 Application by Vapour

In systems applying hydrogen peroxide
by vaporisation, liquid H,O, is injected
into a stream of hot (sterile) air, then

vaporised and condensed on the surfaces
to be sterilised (93). A better coverage
of surfaces is obtained since the

condensing droplets are smaller. Subse-
quently, the hydrogen peroxide is heated
and evaporated by blowing hot, sterile
air into the containers (figure 3).

Hot (Sterile) Air

Figure 3. Flow Chart: Evaporation and Condensation of Hydrogen
Peroxide in Packaging Material Sterilisation

' Packaging Material out

2.3 Application by Roller System @

Roller systems (figure 4) permit the
application of liquid hydrogen peroxide
Ezf;;gznsath on to flat food contact surfaces (59, 60,
61, 74, 93). Packaging material sterili-
sation thus becomes possible before
the containers are formed (figure 4).

Matorial In order to obtain a film of the water-
& like H,0, liquid covering the total food
Figure 4. Application of Hydrogen contact surface, a wetting agent - about

Peroxide by a Roller System

0.2 to 0.3% of PSM, (polyoxyethylene-
sorbitan-monolaurate), or equivalent is
recommended - has to be added to the
Packaging & Product in hydrogen peroxide. After application of

Material Tube —

the sterilant on to the food contact sur-
face, the packaging material web is
formed into a tube and sealed longitud-
inally. The actual sterilisation requires

Tube Heater Element

the hydrogen peroxide covering the
Filling Pipe packaging material food contact surface
to be at a high temperature. An electrical
element (“tube heater”) provides the
temperature necessary (105-110°C) for
the sterilisation process and, simultan-
eously, eliminates the H,O, (figure 5).

Figure 5. Heating and Elimination of
Hydrogen Peroxide

10
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2.4 Use of an Immersion Bath Packaging Material
Likewise, the use of a hydrogen peroxide bath permits sterilisation of a plane Sterilisation
packaging material web (59, 61, 69, 73, 74, 93, 171) prior to the actual forming

of the container. The packaging material is sterilised by its passage through Removal of
liquid hydrogen peroxide. The temperature necessary for the sterilisation Hydrogen Peroxide
process is obtained by heating the hydrogen peroxide solution indirectly by

means of a water bath which is placed inside the H,O, bath (figure 6). A concen- Sterile

Packaging
tration of 30%, a temperature of 70°C and an exposure time of about 10 seconds g"a' out
are necessary to achieve sufficient killing of bacterial endospores (74). In some
models, the hydrogen peroxide is removed from the packaging material: Air Knife # h Al Knife
a) by a pair of pressure rollers that squeeze the excess chemical back into the Pressure Rollers Packaging
. Material in
hydrogen peroxide bath; and h
b) by a pair of air knives that blow hot, sterile air on to both sides of the pack-
aging material web.

After passage through the bath and removal of the hydrogen peroxide, the sterile,

flat packaging material web is formed into a tube and sealed longitudinally. Heated

Hydrogen
Peroxide Bath

3. Sterile Environment

After sterilisation of the product and packaging material (food contact surface),
reinfection has to be avoided. The containers have to be formed, filled and
sealed in a sterile environment. To achieve this, the area in which the process is
executed has to be sterilised, and sterility has to be maintained during the entire
length of the intended production run.

Figure 6. Hydrogen Peroxide: Dip-in Bath

3.1 Sterilisation of the Filler
Repeatedly successful sterilisation requires clean surfaces and thus proper
@ cleaning of the equipment prior to sterilisation. Depending upon the construction @
and complexity of the aseptic filling equipment, sterilisation of the machine can
either be performed by:

1) heat alone; or by

2) a combination of heat and chemicals.

3.1.1 Sterilisation by Heat Alone
Some total systems or parts thereof
permit sterilisation by heat alone using
steam and/or heated air. An example is
given in figure 7.

In such systems, a combination of
steam and dry air at high temperature is
often used. Sterile air is produced by
incineration at a temperature of 330-
360°C (75) and the hot, sterile air is
admitted into the machine via a valve
cluster. The filling pipe and the “sterile Sterile Alr Syetem Airin
area” are thus sterilised by dry heat at a (incineration) Compressor h

Hot Sterile Air Steam out

Air out

Packaging
Material Tube —

' Steam in

Tube Heater Element

Filling Pipe

Product Supply Line

minimum temperature of 240°C for 30 Sterle fres

minutes. A steam barrier separates the

aseptic filler from the product supply line.

The steam barrier area as well as the Figure 7. Flow Chart: Sterilisation of the
product valve are sterilised by steam at Filler by Heat Alone

a temperature of about 130°C.

11
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' Air in

Figure 8. Flow Chart: Sterilisation of the
Filler by a Combination of Heat and Chemicals

Air Sterilisation
by Filtration

Valve Cluster

Cooled Sterile
Air in
"Sterile Area"

Sterile Air
System

Compressor
Sterile Container out
Figure 9. Flow Chart: Maintaining Sterility

by Overpressure with Sterile Air

Package Integrity
Problems
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3.1.2 Sterilisation by a Combination of Heat and Chemicals
More complex aseptic filling systems cannot be sterilised by heat alone. Struc-
tures such as form rings, guiding rollers, etc., might not tolerate the temperatures
necessary. The construction may be so solid that the
time required for heating and subsequent cooling be-
comes prohibitive. Such systems demand a combination
Steam in of heat and chemicals for sterilisation. For this purpose,
h the most commonly used chemical is hydrogen per-
oxide (73, 75).

The hydrogen peroxide may be applied in two
different ways:

* by spraying as a fog; or

Hydrogen
Peroxide out

by evaporation as a gas which condenses on the
surfaces to be sterilised (75).

In any event, warm or hot sterile air has to be admitted
to the system in order to achieve the temperature
necessary for the sterilising effect needed and to remove the hydrogen peroxide
from the system (figure 8). Areas not included in the hydrogen peroxide sterilisa-
tion cycle have to be sterilised by either dry or wet heat.

Product Supply Line

3.2 Maintaining Sterility during Production

In most aseptic packaging systems, an overpressure of sterile air is used to seal
the area in which the containers are formed, filled and sealed from the non-sterile
surroundings (73, 142) (figure 9).

Sterility of the air may either be obtained by filtra-
tion (142) or incineration, or a combination of both. For
filtration, HEPA (high efficiency particular air) filters
are often used. The following features are recommended:

' Steam in

« air supply by low-pressure blowers;
« air speed 0.5 m/sec (laminar flow); and
« retention of 99.99% of all particles larger than 0.3 LL.

If incineration is used, a temperature of about 340°C is
needed for sterilisation. The air can be cooled by a

water cooler or by a regenerative heat exchange system
where the incoming air is pre-heated by the air leaving

Product Supply Line ..
the incinerator.

4. Production of Tight Containers
The tightness of the containers produced depends upon:
 the correct top and bottom seals (transversal seals);
« atight longitudinal seal; and

« an undamaged packaging material structure.

Problems of package integrity can be caused by the quality of the packaging
material as such, wrong adjustments, the maintenance and operation of the
aseptic filling equipment, and transport damage. In order to minimise the impact
of these factors, suitable procedures should be introduced such as:
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a) a functional test of each new shipment of packaging material;

b) proper maintenance of the filling equipment;

¢) machine operator training;

d) competent supervision;

e) appropriate outer-wrapping equipment which needs to be properly maintained;

f) outer-wrapping materials which provide sufficient protection of the containers
during transportation and handling;

g) information to all sections and parties concerned with the handling of the
aseptic containers; and

h) storage of the packaging material prior to use under suitable, hygienic
conditions (temperature and humidity) and times (as recommended by the
manufacturer).

A number of procedures for testing and checking package integrity are available
today:

a) dye test procedures (12, 86);

b) increase in oxygen content (12);
¢) conductivity measurement; and
d) tear-down procedures.

Bio-testing (the submersion of packages into a solution rich in microorganisms,
figure 10) is not recommended since the procedure affects the packaging mate-
rial: artificial defects are created and interpretation of the results obtained
becomes impossible!

Some bacteria are able to pass through minute channels which will not permit
visible leakage of the product (86). In model experiments using plastic
materials, it was observed that the motile bacteria Escherichia coli, Pseu-
domonas aeruginosa and Bacillus subtilis could move actively through capillar-
ies filled with liquid and with an inner width of 10 i or more at a velocity of more
than 10 mm within 24 hours. The movement was slowed down considerably
when the diameter was reduced. The minimum transversal inside diameter
permitting passage was between 1.3 and 2 p. The non-motile bacteria Staphylo-
coccus aureus and Bacillus megaterium, as well as the yeasts Debaryomyces
hansenii, Candida parapsilosis and Torulopsis candida moved very slowly.
Their speed was less than 0.5 mm in 24 hours in capillaries with inner diameters of
up to 10 p. Depending on the cell size, the smallest capillaries which could still
be penetrated by non-motile bacteria had an inner diameter of 2 to 5 L (275).

[T 1T 11 ||

Prevention of Package
Integrity Problems

Package Integrity:
Methods of Checking

Figure 10. Bio-Testing: Not Suitable for
Paper-Based Plastic Laminates
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3. Sterilising Effect

Summary

The killing of microorganisms is not an absolute process; not all bacteria are killed at
the same time. Rather, using the same lethal procedure, an equal fraction is killed at
distinct time intervals. It is important to understand this! As a consequence, the result
of any sterilisation operation is determined by the process parameters applied to, and
the microbiological load subjected on, such a process. Sometimes the process
parameters cannot be altered in order to render the process more efficient. In such a
situation an improvement in the result can only be obtained by reducing the
microbial load —often the bacterial spore count— in the product to be sterilised.

1. General

The subject of the “sterility” of food containers and products is controversial. On
the one hand, legislation is - more or less - compelled to define sterility on an
absolute basis, i.e., “the absence of ...”. On the other hand, it is generally accepted
that microorganisms when subjected to a lethal process are killed in a semi-
logarithmic fashion (60, 69). The killing of microorganisms in general and
bacterial endospores in particular has been studied extensively. For most micro-
organisms, a semi-logarithmic death rate is found (figure 1) irrespective of
whether a thermal or chemical sterilisation process is applied:

log (N/N) = contact time with sterilant/D

where N, = the initial number of viable organisms, N = the viable count after a
given time of contact with the sterilant, and D = the decimal reduction time (i.e.,
the time needed to achieve one logarithmic reduction in the count of surviving
organisms). The sterilant may either be heat or a chemical.

A. Different Original Spore Counts

Log Viable Spore Count Log Viable Spore Count

Contact Time
with Sterilant

Killing of Bacterial
Spores

Logarithmic
Death Rate

B. More Severe Processing

Contact Time
with Sterilant

Figure 1. Death Curves: Effect of Spore Count and Processing
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An improved result can be obtained either by reducing the bacterial spore load in
the product (figure 1 A) or by applying more severe sterilisation conditions
(figure 1 B), i.e., a higher sterilisation temperature and/or longer holding times at
the sterilisation temperature.

Sterility implies the total absence of al/ living microorganisms in any
volume of product. Expressed in terms of the semi-logarithmic death rate of
microorganisms, this would imply log x = 0. However, as the equation log x =0
(10 = 0) does not exist, sterility in an absolute sense cannot be achieved; it can
only be approached. Consequently, every sterilisation process must have
survivors (91, 176)! Each sterilisation procedure is characterised by a sterilisa-
tion effect or efficiency. This sterilisation efficiency can be expressed by the
number of logarithmic (decimal) reductions achieved by the process. For
example, it is safe to assume that a normal UHT process achieves nine decimal
reductions in milk, i.e., out of 10° spores fed into the process one will survive.

10° bacterial spores = UHT — 10° =1

This is true irrespective of volume.

The D-value is the time needed at a given temperature to achieve one decimal
reduction in the bacterial spore count. The F-value for a process is the number of
minutes required to kill a known population of microorganisms in a given food
under specified conditions. This F -value is set at 12 D. When the symbol F, is
used, a z-value of 18°F (10°C) is assumed with an exposure temperature of 250°F
(121.1°C). The z-value states the increase in temperature which is necessary to
reduce the decimal reduction time (D-value) by one power of ten, i.e. from 1 to
0.1 minute. The Q,, value is the increase in the speed of a reaction if the tempera-
ture of the system is raised by 10°C. Assuming a z-value of 10.5 and a Q, -value
of 9, direct heating by UHT to 140°C with a holding time of 4 seconds resulted
in an F -value of 4.2 seconds (105).

In the United Kingdom, the Department of Health and Social Security has
issued guidelines for the processing of low-acid canned foods which specify that
a satisfactory minimum thermal process must reduce the probability of survival
of Clostridium botulinum spores to less than 1 in 10" containers (70). This is
usually interpreted in terms of a lethality corresponding to heating for 3 minutes
at121°C (F, = 3) (23). In a plate heat exchanger, a holding time of 2 seconds at
142°C resulted in a sterilising effect (number of log reductions) of 7 using
Bacillus stearothermophilus endospores as a test organism (70). However,
bacteriological results obtained by heat treatments using Bacillus stearothermo-
philus spores and milk have to be corrected for an inhibitory factor (78), since
the heat treatment of milk may result in the formation of compounds which
inhibit the germination of bacterial spores in general and those of Bacillus
stearothermophilus in particular.

In milk and cream infected with large numbers of spores of Bacillus licheniformis,
the z-value was found to be 7.4-8.0°C (46). In the UHT temperature range, a
Q,,-value of 11 is given for endospores of Bacillus stearothermophilus while
the corresponding value for Bacillus subtilis was 30 (70). Heating Bacillus
subtilis spores to UHT temperatures (129-135°C) in skimmed milk, resulted in
z-values ranging from 6.7°C to 18°C (111).

Linear semi-logarithmic death curves were obtained if Bacillusstearothermo-
philus spores were heated between 104.4°C and 137.8°C at pH 6.0 and 7.0. The
corresponding z-values were 8.7°C and 10.3°C respectively (70).

Using direct steam injection, a holding time of 4 seconds and different tem-
peratures, the following logarithmic reductions (sterilising effect) were found
(table 1) (250, 257):

In a pilot UHT plant, skimmed milk was heated to 135°C using endospores of
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Bacillus subtilis Bacillus stearothermophilus
Temp. Initial Final Log. Red. Initial Final Log. Red.
°C Spore Count Spore Count Spore Count  Spore Count
140°C 45,000 0.0004 9.0 10,000 0.0004 7.4
135°C 0.0004 9.0 0.0004 7.4
130°C 0.0007 8.8 0.45 43
125°C 0.45 6.0 2.5 3.6
135°C 4,000,000 0.0004 10.0 250,000 0.0004 9.0
130°C 0.0004 10.0 0.095 6.4
125°C 0.04 8.0 2.5 5.0
120°C 4.5 6.0 2.5 5.0
135°C 75,000,000 0.0004 11.0
130°C 0.025 9.5
125°C 4

Table 1. Sterilising Effect: Direct Steam

Sterilising Effect:
Clostridium

different strains of Bacillus stearothermophilus as test organisms, “the z-value Injection
never dropped below 6.7°C (12°F) and never exceeded 18°C (32°F)” (82).

The inactivation of Clostridium perfringens type A spores at ultra-high tem-
peratures has been studied. Aqueous spore suspensions were heated to 85-135°C
by the capillary tube method. At temperatures above 100°C (1), the results indic-
ated a rapid inactivation of the spores. The decimal reduction time (D-value) of
the most resistant Clostridium botulinum spores at 140°C is of the order of 0.1 of a
second. Over a temperature range of 120-140°C, a z-value of 11°C was found
for spores of Clostridium botulinum suspended in a phosphate buffer (pH 7) (23).
Using the capillary test method, a significant increase in the z-value resulted in
an increase in temperature in the range of 85-160°C (70). Twelve decimal reduc-
tions of Clostridium sporogenes could be achieved within 3.42 seconds at 148.9°C.
This was from a spore suspension characterised by a z-value of 19.4°C and a
D-value (at 148.9°C) of 0.285 of a second (70).

The number of Cl. botulinum spores in raw materials
may vary from 10 per container of product, which may Temp. °C Initial Colony  Final Colony
occur in some mushroom products, to 10, which may be Count/ml Count/ml
the level for meats, to perhaps as low as 10~ for the pack- 130.5 7.2 x 108 09
aging material needed to make one aseptic container 6.9 x 10° 0.6
(201). Decimal reduction values in themselves are of 132.0 4.8 x 10° 0.2
very limited interest unless the possible microbiological 4.8 x10° 0.09
load is also taken into consideration. Generally, food 133.0 4.7 x 10° 0.001
products will carry higher spore loads than packaging 7.3x10° 0.001
material. There is a potential hazard in expressing pro- 1599 49X 10° <000

8.2 x 10° <0.0004

cess requirements as “12 D”, since only the spore reduc-

tion is specified, whereas the final result will vary with

the initial concentration of CI. botulinum and other spores (201). The sudden
changes in temperature caused by the direct mixing of steam with milk and
vacuum evaporation by direct heating, gives rise to a “heat-shock” destructive
effect on bacterial spores. Spore destruction could be higher than expected in
comparison with results obtained in the laboratory by exposing spore suspen-
sions to lower temperatures. Therefore, data obtained in the laboratory should not
be extrapolated to conditions prevailing under UHT operational conditions (86).
All the experimental results were obtained with models using pure bacterial
spore suspensions of more or less well defined heat resistance. In addition, these
spores were used in very high concentrations. It is questionable to what extent
the results obtained can be transferred to conditions that exist in reality.

Table 2. The Effect of Temperature on

Decimal

Reductions

7

® O~~~

>8
>9

Bacillus subtilis 786: Spore Destruction in
Milk in a UHT Plant (120)

Effect of
Heat Shock
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4. Hydrogen Peroxide as a Sterilant

Summary

In aseptic packaging systems, hydrogen peroxide (H,O,) is often used for the
chemical sterilisation of the packaging material (food contact surfaces). Aspects
relating to residues in the packaged food product, to environmental conditions, as
well as to the microbiological efficiency of the chemical, are discussed.

1. General

In most aseptic - and some extended shelf life (ESL) - packaging systems,
hydrogen peroxide is used either to sterilise or to sanitise packaging material
food contact surfaces. Such chemicals should fulfil certain requirements. A
perfect sterilant should be (61):

a) easy to apply; Requirements for a Chemical
Used in the Sterilisation of

b) part of an in-line application; Food Contact Surfaces

c) residue-free after application;

d) effective in killing potential spoilage microorganisms such as bacterial
endospores;

e) inexpensive;
f) non-toxic;
g) non-corrosive; and

h) generally available.

Of major importance are microbiological effectiveness and the presence of
@ residues in the packaged product. Although other, and in some aspects, more
effective chemicals are available, hydrogen peroxide appears to offer the best
compromise. Temp.°C 10% 15% 20%
25 1640 780 570
. . . 50 192 128 66
2. Microbiological Aspects o SR I
The microbiological efficiency of hydrogen peroxide has been studied with 70 60 39 26
Bacillus subtilis (NCDO 736, ATCC 95244) spores at different temperatures and 80 36 23 15

relatively low concentrations (table 1) (247).

A review of the literature on the sporicidal action of hydrogen peroxide Table 1. Time (seconds) needed to

. . achieve 4 log. cycles reduction in the
shows the effects of temperature and concentration (63). For a 10% solution of number of Bacillus Subtilis spores at

hydrogen peroxide at 60°C, the Q, -value was about 1.6. Increases in concen- different concentrations and temperat-
. 10 . ures of hydrogen peroxide.
tration from 10% to 15% and from 15% to 20% each gave an increase of about
50% in the rate constant (247). At temperatures of 80°C, a 30% hydrogen Microbiological Effectiveness
peroxide solution achieved several decimal reductions in the bacterial endospore of Hydrogen Peroxide
count (91) within seconds.
Comparing the resistance of Clostridium botulinum and Bacillus

against the sporicidal action of hydrogen peroxide, the results Time (sec)
shown in table 2 were obtained (148). 71.1°C 87.8°C
The sporicidal properties of hydrogen peroxide were evaluated Organism + - + -
at concentrations of 10-41% and at temperatures of 24-76°C. cl. botulinum - - > -
Bacillus subtilis SA 22 was the most r.e51stant and Staphylococcus B. subtilis A 5 10 5 4
aureus the most sensitive of the organisms tested (251). B. globigii 14 16
B.stearothermophilus 10 14
+ = survival, growth;
- =no growth

Table 2. Comparison of the Resistance of
Cl. botulinum and Bacillus Spores at 35%
H,0,, 71.1°C and 87.8°C, 1 x 10* Spores
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3. Residual Hydrogen Peroxide

In packaging material (food contact surface) sterilisation, hydrogen peroxide
concentrations of between 15% and 35% are typical (74). Whatever the system,
whenever a chemical is used it cannot be removed entirely. Thus, a certain
though minute amount of residue is unavoidable if hydrogen peroxide is applied.
The question really becomes: What is an acceptable level of residue? In this
respect, the legal authorities can be consulted. Some countries have passed legis-
lation on the subject, others have not. Basically, the following situations are
found:

» No regulations at all: the hydrogen peroxide residue is a matter of interpreta-
tion for the public health inspector.

 Existing legislation says: “hydrogen peroxide can be used in connection with
food products providing the amount of residue in the product does not exceed
the ‘technically unavoidable level’”. But what is ‘technically unavoidable’?

» Hydrogen peroxide can be used in the food industry “providing it is eliminated
or dissipated before the process is terminated”. Two questions arise: a) What
does “eliminated” mean? Obviously, it should be interpreted as meaning “not
detectable by a reference method”. The permitted residue of hydrogen perox-
ide is thus determined by the sensitivity of the official test method. If no such
method exists, how much is permitted? Again, this is more or less a matter of
interpretation for the public health officers. b) What does “terminated” mean?
In the case of the TBA system, does it refer to the moment the transversal
seal is effectuated, or to the moment the package leaves the final folder, or the
storage area, or reaches the sales outlets, or to the moment its contents are
consumed?

* A specified maximum permissible amount of hydrogen peroxide residue is
regulated together with a reference method or methods (260).

At the present time, the US FDA regulation (21 CFR 177.1520) on residual
hydrogen peroxide, if applied to the sterilisation of plastic surfaces of packaging
material, is the most complete and best. The regulation was originally passed in
1981 (110) and states that hydrogen peroxide may be used, provided that (259):

 only those plastic surfaces listed in the regulation are treated;

« all additives used in the hydrogen peroxide (such as stabilisers and wetting
agents, etc.,) are either permitted by a regulation or are GRAS (generally
regarded as safe);

 the concentration of the hydrogen peroxide is within the regulated limits; and

» immediately after packaging, the residual amount of hydrogen peroxide does
not exceed a regulated level (at present 0.5 ppm) as tested by one of two
stated reference methods (67) (or an equivalent method).

All investigations carried out so far do not show any toxicity if reasonably small
amounts of hydrogen peroxide are consumed. Larger quantities may lead to
irritation of mucous membranes, but the effect is not chronic. Because the human
tissues contain catalase and peroxidase, hydrogen peroxide is decomposed:

2H,0,=2H,0+0,

The toxicity of hydrogen peroxide has been studied extensively. The breakdown
products of water and oxygen are harmless substances. Hydrogen peroxide does
not accumulate in the body; chronic toxicity does not exist. Hydrogen peroxide
can bleach hair and temporarily irritate the mucous membranes. Because of gas
formation, the ingestion of large amounts of hydrogen peroxide may cause problems.
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A test method for hydrogen peroxide residue based on peroxidase has been re-
commended (270).

The decomposition of hydrogen peroxide residue has been studied in raw and Hydrogen Peroxide:
pasteurised milk and examined in detail in long-life milk (table 4). Decomposition

Milk: Raw Pasteurised Long-Life
H,0, ng/ml 5 10 20 40 80 5 10 20 40 2 5

=]
o

0 min - + +
5 min - + +
10 min +
+
+

+ o+ o+ +

20 min -
40 min
60 min -
90 min
120 min -
180 min
240 min
+ = present (detectable); - = absent (not detectable) ug/ml = ppm = mg/litre

+ o+ o+ o+ o+ o+ o+
+ o+ A+ o+ o+ o+ o+ + +
+ o+ A+ o+ o+ o+ o+ + +
+ 4+ 4+ + + + + + + o+
+ o+ o+ o+t o+ o+ +

Table 3. Decomposition of H,0, in Milk

H,0, ug/ml 20 40 70 100 150 200 250

1 day - + + +
2 days - - +
3 days -

4 days -
7 days
@ 8 days
35 days

+ = present (detectable); - = absent (not detectable) ug/ml = ppm = mg/litre

+ 4+ + + o+
+ o+ + o+ o+ o+ o+

Table 4. Breakdown of H,0, in Long-Life Milk at Ambient Temperature

4. Hydrogen Peroxide in the Environment

Another area of concern is environmental hydrogen peroxide, i.e., hydrogen
peroxide present in the working environment. Again, in some countries this issue
has become the object of regulation. The legislation usually states that:

Hydrogen Peroxide
in the Environment

* hydrogen peroxide in the air in areas where people visit or work for longer
periods of time shall not exceed a maximum amount of 1 ppm.

Inhaled hydrogen peroxide, though not really toxic, irritates the mucous mem-

branes (eyes, lungs, etc.,). Also, hydrogen peroxide is a bleaching agent and may

affect the colour of the hair.
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5. Packaging Material

Summary

Only paper-based laminates are discussed in this chapter. Whenever a food product
comes into contact with a surface, be it packaging material or any other object, an
interaction takes place: material from the surface enters the food product, and
compounds of food can be taken up by the contact surface. The different interac-
tions between packaging materials and packed food are also discussed. In aseptic
packaging, attention must also be paid to the microbial load on the packaging
material (food contact surface).

1. General

Different materials are used as aseptic packaging, such as:
* metal cans;

» glass bottles;

» pure plastic materials (bottles, cups, pouches);

» paper-based laminates, etc.

In the present chapter, only paper-based laminates will be discussed. From a
functional point of view, the multi-layered structure (60, 69) is usually that shown
in figure 1 (237).

An outer polyethylene layer provides protection against moisture from the
environment. The base-paper layer gives stiffness and strength to the packaging
material. The next layer of polyethylene (“laminating layer”) serves to bond the
base paper to the aluminium foil, which in turn functions as a barrier against the
entry of light and gas and the passage of materials and product components from
the inside. The first inner layer of polyethylene binds the last layer to the alu-
minium foil. To achieve proper adhesion, a high degree of oxidation is needed
whenever polyethylene is used. Finally, the innermost layer, usually polyethylene,
serves as sealing and provides the contact surface with the food. For it to function
properly, the packaging material should be stored at the correct temperature and
humidity as recommended by the manufacturer (142). Special composition of the
packaging material structure may be required for some products, such as:

o fruit juices;

e tomato-based products;
o edible oils;

* mineral water;

e wine, etc.

The materials selected must be correlated with product and process factors (85).
It is advisable to carry out storage tests in order to establish the practical shelf
life of the products and packaging. Accelerated storage tests, i.e., using higher
temperatures than those normally encountered, are usually not recommended
since reactions that do not take place at the usual ambient temperatures may, and
often will, be essential to product change.

ENVIRONMENT
Polyethylene

Base Paper
Polyethylene
Aluminium Foil

Polyethylene

. Polyethylene

. PRODUCT

Figure 1. Paper-Based Laminate:
Packaging Material Structure

Packaging Material:
Structure and Function

Packaging Material:
Selection
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2. Interactions between the Product and the
Packaging Material

Interaction always takes place between the packaging material and the packaged
product. Four different types of interaction can be distinguished (figure 2).

2.1 Migration

Migration refers to compounds which originate in the packaging material and
dissolve in the product. If aluminium foil is used in the composition of the
packaging material, migration takes place mainly from the inside coatings.
Migration may result from the:

1) polyethylene coating;

2) print; and/or

3) base paper.

Existing legal requirements relate to toxicity, recognisable flavour changes and

“global migration”, i.e., the total amount of material which passes under speci-
fied conditions from the packaging material into test liquids (water or oil).

2.1.1 Migration from the Polyethylene Coating

Organic polymer materials such as polyethylene are very strictly regulated re-
garding the amount and kind of migrating products. As a limit for global migra-
tion from polyethylene into food after 10 days of storage at 40°C, a level of 60
ppm has been set in a European Union directive. A typical level found for aseptic
packaging material is 5 ppm maximum (237). However, global migration values
of 0.5 ppm are not uncommon. Such values are well below the legally estab-
lished limits.

In addition, migrating products must be non-toxic. Polyethylene has been
studied extensively in this respect. So far, neither acute nor chronic toxicity has
been shown. Actually, ethylene-oxide has been used for a long time to prolong
the storage time of fruit, especially apples. Migrating products should not have a
recognisable effect on the flavour of the packaged product. The lower the flavour
profile of a food commodity, the more sensitive it is. Recognisable flavour changes
are caused by small amounts of migrating compounds already. In flavoured
products, the aroma of the food masks or covers the change in flavour. In this
respect, water is the most difficult of products. Special packaging materials may
be needed in order to prevent flavour defects.

Polyethylene grades without additives which are used in the manufacture of
packaging materials do not create problems with regard to the specific migration
of components such as slipping agents, plasticisers or antioxidants.

If, prior to use, the packaging material is to be sterilised, either by heat alone
or by a combination of heat and chemicals, as for example in aseptic packaging,
the effect of the sterilisation process on migration has to be fully understood
(234), tested and demonstrated. Such procedures may alter the contact surfaces
of the material which, in turn, may affect migration.

2.1.2 Migration from the Print
Printing may form part of the packaging material structure in different ways. Two
examples are shown below (figure 3).

Depending upon the kind of packaging material (blanks, reels, etc.,) and its
structure, direct or indirect migration from the printing layer is possible. Con-
sequently, attention has to be paid to the composition of the ink as well as to the
solvents used. Aspects of toxicity and possible sensory effects must be consid-
ered. This is especially true if the packaging material structure does not include
aluminium foil.
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Figure 3. Packaging Material Structure

2.1.3 Migration from the Base Paperboard

Even though direct contact between the layer of base paperboard and the product Migration from
is prevented by plastic coatings and, where applicable, by the aluminium foil, the the Base Paper
possibility of indirect migration should not be excluded. Two factors should be

considered:

a) the water content of the paperboard; and
b) chemicals.

High moisture (above ~ 9%) may result in recognisable flavour changes due to
compounds from the base paperboard migrating via the inner plastic coating into
the packed product.

Chemicals may originate from recycled fibres, biocides used in the paper mill,
and other sources. Greater concern for the environment has led to the extended
use of recycled paper and the introduction of closed water circuits in paper
factories. This requires careful attention in the choice of return paper to be used
as well as to standards of hygiene in the manufacture of the board.

2.2 Adsorption
Adsorption is the adherence of product ingredients to the inner surface of the :

. . .. e . . . . Adsorption = Compounds
packaging material. This is often observed with lipid materials, especially milk Sticking on to a Surface

fat, and may cause problems with products having a high fat content, particu-
larly whipping cream. Proper homogenisation of the product reduces or elimi-
nates this fault.

2.3 Absorption
In the case of absorption, compounds of the product are dissolved into the packaging Absorption = Compounds Dis-
material structure. An example of absorption is the loss of limonene in orange solved into the Packaging Material

juice (108, 181, 237). Such a phenomenon is characterised in figure 4.
At the beginning of the storage time, the compound dissolves into the
inner coating. As time passes, more and more of the compound is
taken up by the material. On the other hand, as the concentration of
the dissolved compound increases in the plastic layer, more and more
of it is released back into the product. Eventually an equilibrium is
reached and no further changes in concentration can be registered.
The amount and kind of absorbed material depend upon the thickness
and type of the plastic layer (237). Adding the compound in question
to the product prior to processing and packaging can compensate for
the amount that has dissolved into the plastic coating.

Content

Storage Time

Figure 4. Typical Absorption Curve
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Figure 5. Penetration of Gas through the
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Figure 6. Permeation of Gas
through the Transversal Seal

ENVIRONMENT

2.4 Permeation

Permeation describes the passage of product components through the package
from within and without. As far as penetration and the passage of gas in particu-
lar are concerned, a distinction should be made between the tightness of the
packaging material and the tightness of the package. Often the packaging
material is much tighter than the package.

I Polyethylene

Paperboard
Aluminium Foil
mmmmm= | ongitudinal Strip

PRODUCT

Gas permeation is possible through the seams of a container. In the structure
shown in figure 5, oxygen permeation becomes possible through the longitudinal
seam. The barrier characteristics of the package are determined more by the
tightness of the longitudinal strip material than by that of the packaging material
itself (128). A polyethylene - polypropylene - polyethylene strip provides better
barrier characteristics than a low density - high density - low density polyethylene
strip. Multi-layered laminates with good gas barrier characteristics limit the
passage of, for example, oxygen.

Gas permeation through the transversal seal is less important. The bonded
plastic material in the transversal seal area has a very thin diameter and a rather
large thickness (figure 6). Gas permeation is slow.

A method has been suggested for checking the permeation of gas through
materials lined with aluminium foil. Oxygen permeability of the packages
produced (250 ml) was found to be less than 0.17 ml O, per month (85). The
oxygen permeation values for different aseptic packages are given in table 1 (198).

The transmission of limited amounts of oxygen through the carton is possible
mainly through folds, seals, lids (if applicable) and creases. 250 ml Tetra Brik
aseptic cartons were filled with deaerated water and the increase in oxygen
content was measured at different storage temperatures (figure 7). The rate of
transmission increased over time and at higher temperatures (237).

Oxygen (ppm)
2

Package Design Volume O, Penetration
mg/l/ year

Tetra Brik 1,000 ml
Combibloc 1,000 ml
Hypa S 700 ml
Glass Bottle 1,000 ml

Table 1. Oxygen Permeation Values
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Figure 7. Oxygen Permeation at Different Temperatures
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3. Microbiological Aspects Microbiology of the

The microflora of the base paper used in the manufacture of laminated packaging Base Paper
material is dominated by Gram positive bacteria. Gram negative microorganisms
have not been found. In the production process, the Gram negative flora is prac-
tically eliminated during the drying phase of carton. More than half the samples
tested had a total count of <200/g (64). Closed water systems in paper mills, lim-
itations on the use of biocides, and the reprocessing of waste paper cause con-
siderable microbiological loading in the process water. Dissolved material leads
to the proliferation of microorganisms. Aeration of the water system, integrated
use of biological filters, improved hygiene and the well-balanced use of biocides
allowed the control of colony counts in the process water, which alleviated
operating problems and avoided a deterioration in paper quality (123).

Extruded plastic materials and laminates are usually sterile (74, 136) because
of the heat applied during the converting process (86). However, after processing,
a limited airborne infection takes place. The amount and kind of micro-organ-
isms depend upon the level of hygiene prevailing at the converting plant. The
microbiological load of the packaging material’s food contact surface should not
exceed a total colony count of 5/100 cm? (142) or should be less than 1/100 cm? . .

} ; Microbiology of the

(12). On plastic materials, total counts of 0.4 to 10/100 cm? (12), 0 to 10/100 cm? Food Contact Surface
(76) and 2 to 10/100 cm? have been mentioned. Total counts on plastic food-
contact surfaces of less than 1/m? have also been reported (230). If “aseptic”

conditions after extrusion are observed, counts as low as 0.2 to 0.8/100 cm? could Microorganisms Percentage
be obtained (263). The total microbial count found on food contact surfaces of Yeast 10.6
paper-based plastic laminates ranged from 0 to 5 colony forming units/100 cm?. Moulds 20.6
This flora had the composition of that shown in table 2 (60, 61). The results were Bacteria 68.8
obtained immediately after the packaging material had been produced. Micrococci 44.4
Attention should be paid to the effects of storage and additional infection taking Bacterial spores 3.1
@ place at the site where the filler is operated and the material used. Changes in the Streptococci 3.7 @
amount and composition of this bacterial flora during storage have not been Pseudomonas 1.2

Gram Positive Rods 6.9

studied. Often, hydrogen peroxide is used for the sterilisation of packaging mate-
Gram Negative Rods 9.4

rial (food contact) surfaces (86). The sterilising effect necessary for the sterilisa-
tion of the packaging material (food contact surface) depends upon the size of Table 2. Composition of the Microfiora on
the pack (contact surface), the surface contamination and the acceptance quality Plastic Packaging Material

level (the AQL) (76). The minimal decimal reduction values necessary for

sterilising the packaging material (food contact) surface vary between 4 and 6, as

tested with spores of Bacillus subtilis A (134). Four decimal reductions have also

been suggested (91). Clostridium botulinum spores are reported to be 2.5 times

more sensitive to the lethal action of hydrogen peroxide than spores of Bacillus

subtilis: 4 decimal reductions obtained with Bacillus subtilis corresponded to

10 for Clostridium botulinum (76). To achieve a result of one failure per 10,000

packages, a minimum sterilising effect of 4 is needed (76). Such statements are

meaningless unless attention is also paid to the quality of the intermediate

product (bacterial spore counts) as well as to the general hygienic conditions

prevailing in the area where sensitive materials such as the packaging material

are handled and used. Defect rates achieved by an aseptic production line are not

determined solely by the aseptic packaging operation.
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6. Application of Microbiology to
UHT Processing and Aseptic Packaging

Summary

Microorganisms are used by the food industry in the production of certain food
products. Some microorganisms can cause disease in human beings (pathogenic
microorganisms cause disease or food poisoning). Depending on the kind of
food, most fungi and bacteria can cause food spoilage.

Microorganisms of interest to aseptic technology are fungi (moulds and
yeast) and bacteria. These groups of organisms are discussed in general. Some
aspects of product and packaging material sterilisation are touched upon.

1. General

Microbiology covers a wide range of organisms invisible to the human eye.
These organisms can be divided into the following main groups: protozoa, algae,
fungi (moulds, yeast), bacteria and viruses. The groups of protozoa, algae and
viruses are of no or very limited interest to aseptic technology and will not be
dealt with further.

1.1 Moulds

Moulds are a large group of microorganisms. They can multiply at a wide range
of pH (~ 1.5 - ~ 8), at low water activity (a ), at relatively low temperatures
and still have low nutritional requirements. However, oxygen is needed for
growth. Moulds form typical structures of growth and visual identification is
possible down to genera by microscopy. In the lack or absence of oxygen (as in
submersed cultures), growth is slow and spores do not usually form (figure 1).

Sporangium

~—

Submerged Growth Growth in the Presence of Oxygen

Figure 1. Typical Growth of Moulds

Though rather thin (diameter a few ), the threads (hyphae) can become very
long. In the presence of oxygen, specific structures (sporangium) are formed
which may contain a large number of spores. After a certain period of time, the
spores are released simultaneously into the environment: the spreading of mould
is explosive! Thus, whenever a small spot of mould growth is observed in a factory
it must be removed immediately. These spores are not especially resistant to heat
or chemicals.

Under certain conditions, some species can form other relatively resistant
spores (ascospores, chlamydospores) that have been the cause of problems in
the fruit processing industry for a long time.

In the food industry, moulds are used in the production of some cheeses
(Camembert, blue cheese and some others). They are also an important source of
antibiotics. However, certain species produce toxins (myco-toxins) which
accumulate in the human body and can cause cancer.

Moulds: Growth
and Multiplication

29



Yeast: Growth
and Multiplication
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Shape of Cells

Bacteria: Speed
of Multiplication

Figure 3. Multiplication of Bacteria

Gram-Stain: A means
of Classification
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1.2 Yeast

Yeasts usually form oval cells with a diameter of about 3 to 64 and a length of
5 to 10u. They grow in the temperature range of 10-30°C, and are capable of
development at low pH. Some tolerate very low water activity (a , 0.6), but their
nutritional demands are higher than those of moulds. Typically, they multiply by
budding, i.e., forming a bud on the mother cell. This bud increases in size and
eventually separates from the mother cell (figure 2). A scar is left on the surface
membrane of the mother cell limiting the number of “daughters” that can be
produced. One cell can form about 8-10 daughter cells before multiplication
stops.

Some yeasts are used in the food industry for cultured milk products (“kefir”,
and others), and in the production of alcohol.

0-0:0:0%<2

Figure 2. Multiplication of Yeast

1.3 Bacteria

Bacteria constitute a very large group of microorganisms. In nature, they are
present everywhere. Their need for oxygen differs: some will not grow in the
presence of oxygen (they are anaerobic), others require it (aerobic). A third
group, the micro-aerophilic bacteria, need small amounts of oxygen. Most bacteria
will not multiply at an a _below 0.9. Their nutritional demands vary widely. In
nature, bacteria play a vital role by decomposing organic material. In industry,
they can spoil food products. However, some bacteria are needed in the manu-
facture of foodstuffs such as fermented milk products and others.

Bacteria have basically three different shapes:

a) small balls (cocci);
b) straight rods; and
¢) bent rods.

Bacteria multiply by cell division (figure 3).

Under favourable conditions, the speed of multiplication can be very high. It
may take only 10 to 15 minutes for one cell to become two. The same length of
time is required for 1 million to become 2 million! This unit of time is called
generation time.

For practical reasons, bacteria may be divided into two groups:

a) non-spore forming, vegetative bacteria are usually easily killed by chemical
and physical means; and

b) spore-formers. These can develop resting forms - endospores - which are very
resistant to heat and chemicals. They can survive long periods in unfavour-
able conditions.

By using a special staining procedure, a distinction can be made in the classification
of bacteria between Gram positive and Gram negative bacteria . (Gram is the
name of a Danish physician who, at the beginning of this century, tried to colour
bacteria in human tissue). The difference in staining behaviour is due to differences
in the cell membrane structure. The cell membrane of Gram positive bacteria
consists mainly of protein, while the membrane of Gram negative organisms
contains lipids. Generally, Gram positive bacteria are more difficult to kill than
Gram negative.
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1.4 UHT Processing and Aseptic Packaging
In UHT processing and aseptic packaging technology, a number of different
sterilisation processes are involved (figure 4) (61).

The purpose of the sterilisation process is to achieve commercial sterility of
the product, equipment or any other object. To this end, either physical (ther-
mal, radiation) or chemical processes can be used: all microorganisms which
can multiply in the product with spoilage as a result should be eliminated. For high-
acid products, the killing of yeast, moulds and some vegetative bacteria is
sufficient. Low-acid food products require even the elimination of bacterial
endospores produced by two genera: Bacillus and Clostridium. Spores are
characterised by high resistance to thermal and chemical sterilisation processes.
Spores are resting forms which do not multiply. However, they can survive for
very long periods of time even under very unfavourable conditions. Deeper and
deeper dormancy combined with increasing resistance results from persistently
detrimental conditions (figure 5). If the environment becomes more acceptable,
the spores start the germination mechanism, a transition from the resting (sleep-
ing) spore to the vegetative state (figure 5) which is capable of multiplication.

Bacillus

Multiplication Sporulation

O €« >

Vegetative Cells Germination Dormancy

The first step of spore germination is the intake of water. This process renders the
spores more sensitive, particularly to thermal sterilisation.

Since sterilisation processes achieve a certain number of decimal reductions
in bacterial endospore counts (which in turn depend upon the process parameters
and the resistance of the spores), the microbiological result which is obtained
from such a process is determined by:

e the process parameters;

» the microbiological load, i.e., the number; and

« the kind and resistance of bacterial spores fed into the sterilisation process
(224).

For thermal processes, the following parameters need to be considered:

e time; and

e temperature.

With this background, line performance guarantees can only be given if a large
number of essential parameters are clearly specified. Not all of these are controlled
by the equipment supplier. Nevertheless, microbiological performance guarantees
have been given by manufacturers of aseptic packaging equipment of 1 defective
unit per 10,000 units produced (14).

2. Product Sterilisation

The Q,-value of chemical reactions is usually between 2 and 3. The killing of
bacterial spores is characterised by a higher Q, -value, reportedly between 8 and
30 (81): with increasing temperature, the killing rate of microorganisms increases

o
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Sterilisation:
Low-Acid and High-Acid

Sterilisation of Sterilisation of
the Plant the Product

Sterilisation of
the Packaging
Material

Figure 4. Production of Long-
Life Products: Sterilisation
Cycles Involved

Figure 5. Bacterial Endospores,
Sporulation, Dormancy and Germination

Thermal Process Parameters:
Time and Temperature

Q,,-Value: Chemical: 2-3
Killing: 10-30
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Raw Materials:
Ingredients + Other Materials

Bacterial Spores

in Milk
Product Fat % Spore Count
Raw Milk 4.1 249/g
Skimmed Milk 0.1 224/g
Cream 47.0 29/g
Sludge - 12,800/g

Table 1. Mesophilic Spores in Milk Products

Product Fat % Spore Count
Raw Milk 4.3 4.3 x10°
Skimmed Milk 0.1 9.1 x10°
Cream 33.8 1.8 x10°
Sludge - 5.0x 108

Table 2. Thermophilic Spores in Milk
Products

Bacterial Spores: Resistance
to Hydrogen Peroxide

32
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much more rapidly than the chemical changes inflicted by the process. Conse-
quently, for microbiologically equivalent processes (same number of decimal
reductions, same sterilising effect), the higher the sterilisation temperature and
the shorter the holding time, the less chemical changes are encountered.

The sterilising effect obtained by a given, defined UHT treatment is deter-
mined by the process parameters (time and temperature), the kind and dormancy
of the spores and by product characteristics such as pH, a_, viscosity, etc. For a
given product, the result obtained can be expressed by a simple equation:

Process Survivors = Process Parameters + Microbial Load.

The bacterial load (spore count) is determined by:
a) the quality of the raw materials used; and
b) the level of infection, multiplication and sporulation during pre-treatment.

Raw materials are the ingredients used in the formulation of a product and the
materials required for its manufacture. This includes the packaging material. The
microbiological effectiveness of the UHT process can be improved by increasing
the temperature and/or the holding time. Because of
Fat% Spore Count increased deposit formation, production times are
reduced and the severity of chemical change increases.

4.2 89/g S .
0.1 86/g (It should be borne in mind that the efficiency of the
553 20/g packaging material sterilisation process normally
- 6,100/g cannot be increased without causing negative side-

effects which surpass by far the microbiological
benefits.)
The mesophilic spore count in untreated milk
Fat% Spore Count  (Epgland) exhibited a seasonal variation, the counts
4.2 95x 108 being higher in winter than in summer. Spore counts in
0.04 9.3 x 102 untreated milk ranged from 0 to 700/100 ml. The
32.0 1.0 x 10? incidence of the different species was: B. licheniformis:
= 2.8 x10° 62%; B. brevis: 15%; B. subtilis: 7%; and others: 9% (5).

3. Packaging Material Sterilisation

The term “aseptic packaging” has not been clearly defined. It has been stated
(93) that any company can market a filler equipped with a packaging material
sterilisation system as an aseptic one. How effective the sterilisation process is,
another question.

The death rate of microorganisms in general and bacterial endospores in par-
ticular often, but not always (87), follows a semi-logarithmic function regardless
of whether thermal or chemical processes are used (63, 90, 247). As with thermal
treatment, the result achieved by a given chemical sterilisation procedure is de-
termined by the process as such and the number, kind and resistance of micro-
organisms (bacterial spores) subjected to the process (13):

Process Survivors = Process Parameters + Microbial Load
Variable survivor curves were found for a number of Bacillus and Clostridium
spores exposed to hydrogen peroxide (148). Tailing of death curves has been
observed, which is explained by lump formation (88). Bacillus subtilis A,
Bacillus subtilis SA 22, and Bacillus subtilis (globigii) have a high resistance
against hydrogen peroxide. Therefore, these have often been chosen as test
organisms (149). The relative resistance at 24°C to 25.8% hydrogen peroxide
was: Bacillus subtilis SA22 >Bacillus subtilis var. globigii >Bacillus coagulans
>Bacillus stearothermophilus >Clostridium sp. >Staphylococcus aureus, with
“D”-values of 7.3, 2.0, 1.8, 1.5, 0.8 and 0.2 minutes respectively (251). Age of
the spores did not affect their sensitivity but dry spores were about twice as
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resistant as wet ones (166, 167). The opposite effect, however, has also been
reported (251). Nevertheless, the efficiency of a specific sterilisation process is
characterised by a sterilising effect which can be expressed in the number of
decimal reductions in bacterial spore counts achieved by the procedure. The
methods and procedures for such tests have been described (21).

Reactivation of Bacillus subtilis spores treated with a 15-35% solution of
hydrogen peroxide at 24°C has been observed. More than 90% of the spores
could be reactivated by subsequent heat treatment at 80°C for 5 minutes. How-
ever, heating to 100°C resulted in permanent inactivation (89), a temperature
which is reached in most packaging material sterilisation procedures.

In aseptic packaging systems, with few exceptions, the packaging material
(food contact surface) is sterilised by the application of hydrogen peroxide (93),
a chemical process. The following parameters need to be considered:

e the kind of chemical used;

* the concentration of the chemical;

» the contact between the chemical and the object to be sterilised,;
e the contact time; and

 the temperature during contact.

As pointed out elsewhere, spray application does not result in total coverage of
the food contact surfaces. Depending upon the construction of the spray nozzles,
only 30-40% of the surface is covered with hydrogen peroxide. However, sub-
sequent heating using hot (~ 180°C) sterile air in order to eliminate the sterilant
from the packages, thus reducing hydrogen peroxide residue to an acceptable
level, results in satisfactory sterilisation because of the increase in temperature
(93) and the development of hydrogen peroxide vapour which facilitates the
necessary contact.

For optimum microbiocidal effects, hydrogen peroxide solutions in concentra-
tions of about 50% (w/v) are recommended. A rapid destruction of the most
resistant Bacillus spores has only been observed at temperatures around or above
80°C. Mould spores, vegetative bacteria and yeast cells are easily killed by
hydrogen peroxide at far lower temperatures (90). D-values of Bacillus subtilis
spores decreased rapidly with increasing concentration and temperature (table 3)
(167).

Another, earlier study (247) showed a similar result (table 4).

For different temperatures and concentrations, Q. -values reported are fairly
constant ranging from 1.36 to 1.74 (247).

Clostridium botulinum was found to be more sensitive to the action of 35%
hydrogen peroxide than Bacillus subtilis (table 5) (148).

10

Chemical Process Parameters:
Chemical Concentration Contact
Contact-Time Temperature

%H,0, 20°C  30°C 40°C

59 389 10.7 3.1
113 16.2 5.1 1.6
17.7 9.3 2.9 1.0
23.6 5.6 2.0 0.9

Table 3. D-Values for Bacillus subtilis
Spores

Temp.°C 10% H,0, 15% H,0, 20% H,0, Spores 71.5°C 71.5°C 87.8°C 87.8°C
25 1640 780 570 Cl.botulinum 169B 0 5 2 3
50 192 128 66 B.subtilits A 5 10 2 4
60 96 53 45 B.subtilits (globigii) - - 14 16
70 60 39 26 B.stearothermophilus 1518 - - 10 14
80 36 23 15
Table 4. Time (sec) for Reduction of 4 log Cycles of Bacillus Table 5. Time in Seconds Necessary to Kill 10° Spores at Different
subtilis spores. Temperatures (35% H,O,)
33



Synergistic Effect:

H,0, + UV-Light
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Using hydrogen peroxide as a sterilant, the following D-values and z-values were
found (table 6) (252).

Organism % H,0, Temp.°C D-Value z-Value
B.subtilis A 26 25 7.3 24
B.subtilis ATCC 9374 26 25 2.0

B.coagulans 26 25 1.8
B.stearothermophilus 26 25 1.5

B.subtilis ATCC 95244 20 25 1.5 47
B.subtilis 25 25 3.5

Cl.botulinum 169B 85 88 0.03 29

Table 6. D-Values and z-Values for Different Microorganisms

The US FDA requires a minimum of four decimal reductions for packaging
material sterilisation as tested with Bacillus subtilis spores (personal commun-
ication).

The sterilisation efficiency of low concentrations of hydrogen peroxide can
be drastically increased through combination with ultraviolet irradiation. UV-
irradi-ation of spores in the presence of hydrogen peroxide produced a kill which
was about 2,000-fold greater than that produced by irradiation alone. Ultravio-
let irradiation of spores in the presence of 2.5g H,0,/100 ml water followed by
heating to 85°C produced a kill of at least 99.99% (4 decimal reductions) in all
15 strains of Bacillus and Clostridium examined (44, 45). The combined effect of
UV-light and hydrogen peroxide was less pronounced in systems in which the
chemical is sprayed on to plastic surfaces. The explanation is found in the partial
coverage of these surfaces (148, 251).
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Installation

Summary

The installation of equipment is important not only with respect to available
space and appearance, but also with regard to the operative and qualitative results
obtained. Attention should be paid to a// aspects, some of which are discussed
bellow: the factory surroundings, the layout of the plant, the choice of equipment
and its installation. Factors having an impact on microbiological performance are
also discussed.

1. General

When planning, erecting and installing a plant, all legislative requirements per-
taining to the surroundings, building exteriors and interiors, and equipment have
to be followed.

The planning of any plant, and in particular a UHT plant, demands very
careful consideration of the following factors (32):

a) a feasibility study to ascertain whether long-life milk and/or UHT dairy
products are likely to fulfil a demand and whether there is a possibility of
greater demand in the future;

b) the capital sum which is available or can be provided for the project, and an
estimate of the likely expenditure in order to assess the viability of the project;

¢) an economic assessment of the installation and running costs to provide
information on profitability;

d) the location of the plant in relation to: (i) the area from which the milk is
collected or from which it is supplied, and (ii) the distribution area of the pack-
aged long-life milk or milk products taking into account climatic conditions,
possible difficulties in terrain, seasonal variations in milk supply, etc.;

e) the availability of technical, skilled and unskilled personnel and professional
advice in connection with any contractual work which may be involved, and
with the operation and maintenance of the processing plant and ancillary
equipment;

f) the facilities which exist in the area for water, fuel and electrical supplies, and
for the disposal of effluent, both with regard to immediate needs and possible
future requirements.

The fundamentals of quality assurance are laid down at the drawing board stage
of a project and, to a large extent, become integrated when the plant is erected
and installed. The design, capacity and siting of the individual units, and the way in
which they are integrated and connected with one another to form a whole plant,
are some of the many factors that can have a permanent effect on the standards of
quality (33).

An installation should be adequate for its intended purpose. Thus, an optimal
installation can only be designed if the goal is clearly specified. This is often
done with respect to quantity but not always as far as quality aspects are concerned.
Product quality specifications should preferably be decided upon even before a
decision has been made concerning the site where the factory is going to be built.
Obviously, the requirements placed on the surroundings and installation depend
upon what ever it is one wants to achieve, i.e., among other things, the AQLs
(acceptance quality levels).

Considerations When
Planning a UHT Plant

Optimal Installation Requires
Definition of the Goal
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2. Factory Surroundings

The external environment will have an impact on the quality of the manufactured
product(s). Processing and manufacturing premises should be located in areas
which are free and likely to remain free from flooding, objectionable odours,
smoke, dust or other contaminants (10). Attention should be paid to:

e dust which, depending upon prevailing wind directions, may enter the plant
in unacceptable quantities causing microbiological and other quality prob-
lems;

e polluted water from sewage, and other household and factory effluents which
may form heavily infected aerosols, sometimes even with pathogenic micro-
organisms;

« water purification plants producing massively infected aerosols which
concentrate microorganisms;

» the presence of a slaughterhouse, the effluent from which is usually seriously
infected, even with pathogenic microorganisms, and thus may imply a public
health risk. In addition, the smell may also affect the quality of the products;

e pests (insects, rodents, etc.,) which may enter the factory and cause un-
necessary product losses.

The immediate surroundings of any food-producing factory and particularly of
plants producing long-life products should be clean and kept so by proper house-
keeping procedures. The area immediately adjacent to the factory should be
paved with concrete or other suitable material to give a hard, cleanable surface.
All unnecessary pollution must be avoided. Waste material, pallets, market
returns, spoiled products, etc., should be removed quickly from the vicinity of
the building. The handling of product returns, spoiled and/or outdated products
should be performed in a specified area separate from the immediate surround-
ings of the plant.

3. The Plant Layout

It is important that the building is designed and finished in such a manner that it
facilitates cleaning and that it can be kept tidy at all times. Internally, the walls
should be smooth, non-porous, and crevice-free. The floors should be drainable
and resistant to attack or corrosion by acid and alkaline solutions as well as by
product residues. The building should be adequately protected against the entry
of rodents, insects, birds, and other animals (34).

The plant should be laid out in such a way that the floor and walls around the
processing equipment, storage tanks, etc., are easily accessible for cleaning and
housekeeping. Wherever possible, equipment should be raised above floor level
to permit underside surfaces and the floor itself to be cleaned (34). Equipment
should not be placed on top of drains. Consideration should be given to the sewage
system, the placement of gullies, the product flow and ventilation. “Open” and
“closed” operations should be clearly identified. In open operations, the product
is not separate from the environment; the surrounding air has free access to the
product. In closed operations the product is protected and separated from the
environment. “Open’” operations should be connected to the main effluent duct
upstream to “closed” operations (figure 1).
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Open Operation Closed Operation

Figure 1. Drainage System

Effluent, waste products, etc., should be removed from the aseptic filling area via
open ducts covered with a removable grate. In the aseptic filling room, gullies
should be avoided as much as possible. They must be placed and constructed in
such a way that they are easily accessible for cleaning and disinfection, and not
covered by equipment.

Dry floor conditions are of importance in order to avoid aerosol formation by
splashing and/or injury to personnel by slipping. For the installation of aseptic
filling machines, the following arrangement (figure 2) could be considered.

The filling machine could be surrounded by a small “bulwark” which guides
any waste water on the floor to the drain.

Packaging material should be stored in areas which are specifically designed
for the purpose and in accordance with the recommendations of the supplier.
Raw material (ingredients) storage and handling as well as the formulation of
products, particularly if these contain powders, must be kept separate from the
storage of the intermediate product and from UHT processing and aseptic
packaging. Any installation for the production of long-life products should be
kept distinctly separate from other activities in the factory (32). The product flow
should be arranged not only with economy in mind but also with regard to

Drainage
System

Figure 2. Filling Machine: Installation to
Reduce Water

S . o Packagin
hygienic requirements. It is highly recommended that a separate room for the Matgriasi
aseptic filling operation (figure 3) be provided. Proper ventilation with reason-
ably clean, filtered air should create a slight overpressure in the aseptic filling area. Filling

Room
Raw Materials Product Int diatt A Aseptic
Ingredients For::ull:t:ion " :::fun;ta ° Wiy Hrezzesli Packaging Storage
Figure 3. Flow Chart: Separation of Areas
For ventilation, the air intake should be located in such a way that any unneces-
Ventilation

sary contamination from microorganisms, dust and other pollutants is kept to the
minimum.

The air intake should be situated in the wall (not the roof) of the factory in a
position opposite to the prevailing wind direction (figure 4). An air filter for the
removal of dust and other particles should be provided.

Prevailing Wind

l Direction Roof
L
Air Intake I I I I I I

Factory

Figure 4. Air Intake: Wind Direction
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For the aseptic filling area, a filter size of 2 to 5 [ is recommended
and is normally sufficient. In the filling room the air should enter
at a low level and leave at a high level (figure 5).

The air flow should be slow, and laminar and should not
exceed 0.8 metre/second. If necessary, air conditioning can be
installed in the filling room. Space for later extensions of
production capacity should be provided.

The floor of the filling room should be covered with acid-
resistant tiles and have an incline of 1:50 towards an open drain.
Recommended drain measurements are 100 mm in depth and 300 mm in width.

A disinfection mat at the entrance is recommended. For very ambitious quality
requirements (low microbiological AQL), “clean room” conditions may be neces-
sary.

Installation requirements in general and for the filling room in particular
depend upon the AQL (acceptance quality level). The higher the demands on
the microbiological performance of a production line, the more requirements
have to be placed on the quality of the installation.

Lighting must be adequate to permit machine operators to check package
integrity effectively and carry out other necessary duties. 500 lux at a working
height of 4 meters is a recommended minimum value.

The area in which the distribution equipment is installed should provide
stacking space for packages which may be needed during stops for servicing and
breakdowns, etc.

The storage area for the finished product should have cleanable floors and
walls. Its size should be sufficient to permit production planning.

The microbiological conditions prevailing in sensitive areas such as the filling
room should be checked by adequate methods. Special sampling tools are available
for this purpose. Fallout (settle) plates may be used. Several Petri dishes containing
appropriate media are exposed for a given time and incubated. The colonies are
then counted (222). Acceptable counts are determined by the AQL, i.e., micro-
biological performance requirement, but (for low-acid food products) they
should not exceed 50 cfu (colony forming units) on a normal Petri plate
(diameter: 9 cm) after 15 minutes of exposure.

4. The Equipment

When choosing equipment for pre-processing, UHT treatment, aseptic packaging,
and outer wrapping, etc., attention should not only be given to the cost factor.
Service availability, quality performance levels, etc., should also be considered.

The equipment must be of hygienic design and suitable for “cleaning in
place” (CIP). It must also be as “closed” as possible.

For hygienic reasons, all product contact surfaces must be neutral to the food,
cleaning agents and disinfectants. Stainless steel is the ideal material for most
foodstuffs. Two main grades should be used for dairy products (249):

e AISI304; and
e AISI 314, an acid-proof steel quality.

Rubber and plastic hoses should be avoided to the greatest extent possible; they
present cleaning problems. Where flexible connections are needed, the hoses
should be as short as possible.



| NN T T o

5. Installation of the Equipment

The installation should be performed by competent staff. Flexible connections
by means of plastic or rubber hoses should be avoided as much as possible
(they present cleaning problems). However, such solutions may be necessary in
the reception area when liquid raw materials are delivered by tankers and used in
the product composition or formulation. If unavoidable, tubing should be short.

Pipe connections (permanent joints) should be welded as much as possible
(139), and by professional welders only.

If the equipment should have to be dismantled, the pipe connections should
be in the form of a threaded union with a male end and a retaining nut with a
joint ring inbetween, or a clamped union with a joint ring. This type of connec-
tion is used for process equipment, instruments, etc., that need to be removed
for inspection, cleaning, repair or replacement.

Attention must be paid to dead ends, both in the pre-processing and final
processing area. The length of the dead end (measured from the centre of the
main pipe to the end of the dead end) must not exceed 1.5 times its diameter
(figure 6) (129). When placed in a bend, the flow of cleaning solution should be
into the dead end (figure 6).

Certain basic rules of hygiene should be followed when installing aseptic
filling equipment (60). When setting up pipelines, unnecessary “ups” and
“downs” should be avoided (figure 7).

Supports for auxiliaries, such as water and air pipes, electrical cables, etc.,
should be accessible for cleaning (housekeeping: removal of dust).

Figure 7. Installation of Piping

—

Pipe
Connections

Dead
Ends

I=<15d

Correct Flow

Direction ' |

Wrong Flow Direction

Figure 6. Dead Ends: Length and Flow
Direction

Product in

== == = Not Recommended

I Preferred

Filling Equipment
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An installation should be as straightforward as possible and as flexible as
necessary. Some situations require complicated installations (262). An example of
a rather flexible installation is given below (figure 8) (24).

Incorporation of (aseptic) tanks may also add to flexibility. Is the flexibility
really necessary? Everything installed beyond the outlet of the steriliser holding
cell increases the risk of microbiological recontamination! However, there are
some clear advantages connected with operations that include an aseptic tank:

TBA 8

TBA 8

TBA 8

TBA 8

|_
|_

TBA 8

TBA 8

Figure 8. Complex, Flexible Installation

Production
Flexibility

Al |4 A

Recommended

Manifold

Manifold

Figure 9. Installation of Swing Bend Panels
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1) product overflow (reprocessing) is
avoided; this is of increasing interest
as the number of filling machines in
a production line is increasing and
particularly if fillers with different
volumes are included in one and the
same line;

2) longer production runs may become
possible since the product steriliser
can be cleaned while the filling
operation continues from the aseptic
tank;

3) operational stress is reduced since
the sterilisation of the product be-
comes independent of the packaging
operation;

4) during start-up of the filling opera-
tion, an abundant surplus of product
is available. This results in a reduc-
tion of packaging material and pro-
duct losses and minimises pressure
drops during the production stage.

Flexibility can be obtained by auto-
matic valve arrangements, swing bend
or manifold panels, etc. Sometimes it is
less expensive to replace versatility by
production planning, provided that the
necessary storage space is available and
that the market department delivers, at
least one week in advance, a forecast of
the amounts of the different products
required.

If manifolds are used, they should be
firmly mounted and placed in such a
way as to minimise “ups” and “downs”
of piping because of air pockets and/or
condensate which lead to cleaning and
plant sterilisation (disinfection) prob-
lems. Raising the manifold above floor
level may require the installation of a
platform for operation, an additional
cost. On the other hand, piping be-
comes much shorter, and this consti-
tutes a saving (figure 9).

In a manifold, the position of the con-
nections can be controlled, interlocked
and recorded by automatic devices.
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8. Cleaning and Housekeeping

A. Cleaning

Summary

In any food producing plant, but particularly in those producing long-life products,
proper cleaning is one of, if not the, most important operation. The purpose of
cleaning is to remove all visible dirt from equipment surfaces, whether they are
in contact with the product or not. Efficient sanitation and/or sterilisation of
equipment surfaces is possible only if they are free from dirt. In this respect, two
aspects need to be considered: the repeatability and the adequacy of the process
involved. Repeatability requires full, preferably automatic, control. Knowledge
and experience are necessary to achieve adequacy. The different parameters
involved in cleaning are also discussed.

1. General

The purpose of cleaning is to render equipment physically clean, i.e., to remove
all dirt. No aspect of processing is more important than cleaning and sterilisation
of the equipment (42). A consistently good result from an operation can only be
expected if the equipment is reasonably clean.

Food residues are bound to surfaces by a number of forces, or may even
penetrate into materials (plastics, rubber, etc.,). In cleaning, these forces have to
be overcome by either a mechanical and/or chemical effect (figure 1).

The cleaning of a plant and the equipment installed there must be carried out
with the utmost care and attention if the end-product quality of the processed
materials is to be entirely satisfactory (34). To this end, not only procedures, but
also the design and installation are of great importance (152) (see the section on
Installation).

Whether it is carried out manually or by circulation, the wet-cleaning of
equipment involves three basic steps (34).

e Pre-rinsing, the purpose of which is to remove by water any loosely adhering
residues from plant surfaces. It should be done as soon as production is
completed to prevent dirt from drying on the surfaces. It must be applied in
the correct manner relative to the plant, (e.g., burst-rinsing for vessels and
continuous flow for components and pipelines), the product and at the
correct pressure and velocity for both. The time taken must be sufficient to
ensure that the discharged water is free of product residues (42). If possible,
the temperature of the rinse should be above the melting point of any fat
residues but should not denature protein.

e Cleaning entails the removal or elimination of any residues from equipment.
It is accomplished by a process of soaking and/or scrubbing involving the use
of detergent solutions (emulsification, hydrolysis, saponification, dispersion,
etc.,) by plain alkali and/or acid or by formulated cleaning agents. Since the
actual cleaning is a chemical process, correct temperatures are essential.

e Final rinsing, the aim of which is to remove or reduce to an acceptable level
all traces of residues and detergent from the equipment by means of clean
water. The quality of the water used is of great importance with regard to physical
(damage to equipment), chemical (corrosion) and microbiological aspects.

Mechanical Effect Chemical Effect

Cleaning Object

Binding Forces

Figure 1. Forces Binding Dirt to Surfaces

Steps Involved in
Wet-Cleaning

Pre-Rinse

Actual
Cleaning

Final
Rinse
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2. Manual Cleaning

The result of manual cleaning depends to a large extent on the mechanical
effect. Appropriate tools must be made available. Only mild chemicals may be
used. The pH value should not exceed 10 or be below 4. The human factor is of
the utmost importance in manual cleaning. The importance of motivation in the
staff (operators) involved in manual cleaning cannot be overestimated. Training,
education and supervision are necessary to ensure a satisfactory result.

3. Cleaning in Place (CIP)

In CIP cleaning, solutions are pumped and circulated through the equipment “in
place” (248). The chemical effect dominates.

In a food factory, there is usually more than one cleaning cycle in operation.
Attention should be paid to areas where two or more cleaning cycles meet (interface,
figure 2). Often these areas are not included in the cleaning operation.

The “mechanical” effect of circulation cleaning requires a turbulent flow for
the removal of air from the system and transportation of particles through the
circuit. A flow rate of > 1.5 m/sec in pipes is recommended.

The result of any process, including cleaning operations, is determined by its
repeatability and adequacy (table 1).

A repeatable process is not necessarily adequate!

In chemical processes such as cleaning, five (critical) control parameters need

to be controlled and must be adequate:
1) the chemical;
2) the concentration of the chemical; Repeatability Adequacy

3) the contact (= flow rate) between
the chemical and the cleaning object;

Process Control  Knowledge
Maintenance Experience

4) the contact time; and .
Table 1. Processes: Repeatability

5) the temperature during contact. and Adequacy

3.1 Cleaning Parameters

3.1.1 Chemical

Chemicals used in cleaning food plants in general and dairies in particular may
either be simple or formulated cleaning agents. If formulated cleaning agents are
used, the recommendations of the suppliers must be followed meticulously.

In the dairy industry, the use of pure caustic soda and acid (nitric or phos-
phoric) is common and usually quite adequate. However, for some milk-based
and other products containing emulsifiers, stabilisers, thickening agents, etc.,
formulated cleaning agents may be required to obtain an acceptable result in the
cleaning process. Poor quality of the raw milk (intermediate product) may also
cause problems.

3.1.2 Chemical Concentration

The concentration of the detergent depends upon the kind of dirt to be removed.
Heated surfaces often require higher concentrations than cold ones. For the
cleaning of heat exchangers (pasteurisers, UHT equipment) used for processing
milk, an alkaline (NaOH) concentration of 1.5-2.0% is usually sufficient. The
corresponding concentration of acid (HNO, or H,PO,) is 1.0-1.6% (11).
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If controlled by dosing only, special attention should be paid to the concentration
of the detergent(s) used. The dosing device of automatic cleaning units is usually
rather sensitive. Service and maintenance are required to ensure proper func-
tioning. A conductivity measurement connected to a guarding and recording
function is safer.

Semi-automatic and manual cleaning units (see below, table 2) may present a
problem. In such units, the detergents are often added in “one go” directly to the
balance inlet tank of the steriliser by means of a bucket (figure 3). Since heat
exchangers are designed to give the same residence time to every passing particle,
the product (detergent) does not mix. As a consequence, a plug of concentrated
detergent passes through the equipment reducing the contact time and causing
corrosion, particularly during the acid clean. The detergent needs to be added
during the time required for one circulation. The duration depends upon the
capacity of the equipment and the installation, but is typically between 5 and 10
minutes. It is impossible to empty repeatedly a bucket for such a long time!
Either a “dosing” device has to be constructed or a pre-mix of ready-to-use
detergent solution must be prepared in sufficient amounts (the volume needed to
fill the entire cleaning circuit).

3.1.3 Contact between the Chemical and the Cleaning Object
Contact between a liquid and the inner surfaces of pipes requires a certain flow
rate: turbulent flow is needed in order to remove effectively air pockets from the
circuit and transport particles through the system. In pipes, a flow of at least
1.5 m/sec (34) is recommended and usually necessary to achieve sufficient
turbulence. In addition, the flow direction should be into, and not past, dead ends
(figure 4) (129).

Correct Flow Direction *

Wrong Flow Direction

Figure 4. Cleaning of Dead Ends: Flow Direction

For cleaning aseptic and other tanks complete coverage of the inner tank surface
is needed. 200-250 litres/hour/m? for horizontal tanks and 250-300 litres/hour/m?
for vertical tanks are necessary. In addition, a spray device needs to be installed
every second metre in horizontal tanks. The proper functioning of spray devices
must be ensured by regular service and maintenance, and they must be controlled
regularly.

Heat exchangers are normally designed to create a turbulent flow but con-
necting pipes must be taken into account. Due to flow restrictions, a bypass may
become necessary for heat exchangers and especially homogenisers. Installation
of a special “cleaning pump” with sufficient capacity may be required.

3.1.4 Contact Time

A distinction should be made between contact time and circulation time. The
circulation time is given by the effective contact time plus the time needed for
one circulation in the circuit to be cleaned. For the alkaline cleaning phase, an
effective contact time of ten minutes is usually enough. A somewhat shorter time
suffices for the acid-cleaning phase. For the pre-rinse, intermediate and final
rinses, 5 to 10 minutes effective contact time is usually sufficient.

Control

Problem: Semi-Automatic and
Manual Cleaning Units

Return Line

Balance Inlet
Tank

Figure 3. Wrong Addition of Chemicals

Flow Rate = >1.5 m/sec
Flow Direction

Cleaning the Tank

Heat
Exchangers

Circulation Time
Effective Contact Time
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3.1.5 Temperature during Contact

The temperature of the pre-rinse should preferably be above the melting point of
fat residues (for butter fat, 50°C) but below the denaturation temperature of protein
(for milk 70-80°C).

As mentioned above, cleaning is mainly a chemical process. All chemical
reactions are very much temperature-dependent. This is particularly true of the
alkaline-cleaning phase. It is safe to assume a Q, -value of 2 to 3. Each increase
in the temperature of the alkaline phase by 10°C doubles or triples the speed of
reaction.

Therefore, the caustic-soda cleaning phase should be done at as high a tempera-
ture as possible, preferably at processing temperature: higher temperatures make
the caustic-soda phase clean more effectively! Corrosion problems at high tem-
peratures of caustic-soda cleaning are negligible. If, however, temperatures in
excess of 100°C are used, the equipment (especially plate heat exchangers) must
have the necessary protection shielding. The manufacturer of the equipment should
be contacted to ensure that such high temperatures are tolerated without their
causing corrosion or other problems.

The acid-cleaning phase is different. Dissolving minerals is more of a
physical/chemical reaction and as such much less temperature-dependent. In
addition, acids at high temperatures corrode stainless steel and, above all, reduce
the elasticity of rubber. As a result, gaskets and membranes, etc., become increas-
ingly brittle. Preferably, the acid-cleaning phase should be at 60-70°C.

A temperature of 90°C should not be exceeded.

3.2 The Control of Cleaning Processes

Whenever cleaning in place is performed, a cleaning unit is in operation. A
distinction can be made between three different types of cleaning unit: fully
automated, semi-automated and fully manually controlled units (table 2) (42).
Depending upon the degree of automation, cleaning units are able to control the
cleaning process more or less efficiently. Attention should be paid to the extent at
which the different functions of a cleaning operation are controlled, guarded and
recorded. Only full control guarantees repeatability. For each cleaning circuit, the
type of cleaning unit should be identified and classified with regard to its func-
tions.

The chemical, often NaOH (caustic soda) and HNO, (nitric acid) or
H,PO, (phosphoric acid), can be controlled by dosing only, or by measuring
and recording the pH of the cleaning solutions. Control of the concentration
is possible by determining the conductivity. A guarding function may be
connected to the measurement of conductivity. The contact is given by the flow
rate, which is determined by the capacity of the centrifugal feeding pump and
the pressure drop over the cleaning circuit which remains constant until the
circuit or the capacity of the feeding pump is changed. A flow meter offers the
possibility of using a guarding function and permits recording. The contact time
can be controlled and guarded by a timer, and the temperature by a thermosensor.
All these functions can (and should) be recorded.

Parameter Fully Automated  Semi-Automated Manual

Chemical

Concentration

Contact (Flow)

Contact Time

Contact Temperature

(+ = controlled, - = not controlled)

+ + + + +
+ 4+ +
1

Table 2. Control Level of Different Types of Cleaning Unit
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3.3 Cleaning Programme

The sequence of the different cleaning phases is often the following:
a) water rinse;

b) alkaline-cleaning;

c) water rinse;

d) acid-cleaning; and

e) water rinse.

If the water used for rinsing contains chloride (CI'), stainless steel surfaces should
be left slightly alkaline. Otherwise, the risk of chlorine corrosion increases. The
above programme always results in slightly acid surfaces since the acid used for
cleaning cannot be rinsed off totally.

The first action of caustic soda on

Standard
Cleaning Programme

protein is a swelling. This may cause
problems particularly in plate heat
exchangers. The product to be processed
is heated (cooled) by passing it through
a number of parallel sections (figure 5).
On heat exchange surfaces, deposits are
formed which, specifically in the
temperature range of ~ 80-115°C, may
contain relatively large amounts of
protein (referred to as deposit A). At
higher temperatures, the deposit consists
mainly of minerals (deposit B). It is un-

Product in

_>

. .. Heating Medi i
likely that the same amount of deposit is cating Tedlum n

formed in all parallel passages. More likely, some will have more, others less dirt.

Swelling of the protein will enhance the difference. Cleaning liquids will seek
to pass through sections of low resistance, i.e., those channels with less deposit.
Where cleaning is most needed (heaviest dirt), the smallest amount of detergent
passes through and is active! In general, deposit formation is favoured by:

a) the product as such;

b) the quality, mainly protein stability, of the raw materials used in the formula-
tion of the product and the intermediate product;

¢) the actual temperature — in milk, the largest amount of deposit forms in the
temperature range 80-120°C;

d) the temperature differential — the lager the difference in temperature between
the heating medium and the product, the more deposit will form;

e) the flow rate of the product — laminar or turbulent;

f) the characteristics of the heat exchange surface — more deposit will form on
corroded or dirty surfaces;

g) foam in the product — possibly the single most important factor of all.
Acids also dissolve protein. However, the first action is contraction of the protein
deposit. Thus, heavily soiled passages are opened. If heat exchangers are soiled

with large amounts of precipitates containing protein, a change of cleaning
programme may be considered:

a) water rinse;

b) acid-cleaning;

C) water rinse;

d) alkaline-cleaning;
e) water rinse;

f) acid-cleaning; and

g) final water rinse.

Figure 5. Plate Heat Exchangers: Parallel
Channels

Deposit
Formation
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Such a programme requires more time, more cleaning agents and larger amounts
of water. On the other hand, it may solve difficulties in cleaning which in turn
may cause problems in product quality. In both programmes, the surfaces show
traces of acid after cleaning.

3.4 Chemistry of Cleaning

Cleaning in place is mainly a chemical process. Reactions are very highly
dependent on temperature (Qt-value: ~ 2 to 3). The mechanical effect is limited,
but turbulence from the cleaning solutions is necessary to remove air pockets
from the circuit and to transport particles through the system.

3.4.1 Caustic soda

The effect of the alkaline detergent (caustic soda, NaOH) depends on the pH. An
alkalinity corresponding to a pH of 13 is necessary for full efficiency. Caustic
soda acts by first swelling and then splitting and dissolving protein. In this
process, peptides are formed. Some of these are wetting agents reducing the
surface tension of the cleaning solution. This results in emulsifying fat, a better
penetration of dirt and wetting of the surfaces to be cleaned. The process is very
dependent on temperature. Therefore, the temperature of the alkaline-cleaning
phase for heat exchangers, pipes, etc., should be 80°C or more. For cleaning
tanks, a lower temperature and the use of formulated detergents may be a better
alternative. This, however, requires a separate cleaning unit, i.e., a decentralised
CIP-system.

Caustic soda also acts on fat. At high temperatures fat is saponified, i.e., soap
is formed. Soap also lowers the surface tension of solutions thus improving the
emulsification of fat and the wetting effect.

In alkaline solutions, multivalent metals (mainly calcium Ca** and magne-
sium Mg**) are precipitated. If hard water is used for rinsing and/or preparation
of the cleaning solutions, this will add to the mineral-based dirt in the equipment.
Precipitation of metals can be avoided by the addition of sequestering (poly-
phosphates etc.,) or chelating agents (EDTA, ethylene-diamin-tetra acetic acid or
NTA, tri-nitrilo-acetic acid etc.,) to the caustic soda. Such formulated cleaning
agents are optimal both for temperature and pH. These must be observed care-
fully. Because of the strong ability of chelating compounds to dissolve metals,
the risk of corrosion should not be forgotten. In addition, their effect on the
environment is debatable.

3.4.2 Acid
The main task of the acid (HNO, or H,PO,) is to remove mineral deposits from
the equipment. This process is much less temperature-dependent than the alkaline-
cleaning phase. In addition, acids at high temperatures have an apparent corrosive
effect on stainless steel but even more so on rubber. The gaskets lose elasticity,
they become brittle, and the “pressure-set” decreases. Therefore, the acid should
be used at relatively low temperatures, preferably at 60-70°C, but certainly
below 90°C.

In addition, acids first contract and then remove protein. This process is much
slower and less effective than the action of the caustic soda.

3.4.3 Water

In cleaning, the quality of water is very important and should influence the
choice of cleaning agent, and it may be of even more importance as a possible
cause of corrosion of the equipment (248). Water treatment or the addition of
sequestering (chelating) agents may be necessary. The following water qualities
have been recommended (tables 3 and 4):
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a) Tetra Pak:

The water must be soft and, if necessary, dehardened, and it must be clean in S ETE
order to prevent deposits from forming in the plant. It must not contain iron Hardness 3-4dH
or manganese. Deposits, due to an inferior quality of water circulating in the pH 8.3
plant, can cause vital parts to malfunction. Chloride <50 ppm

Sulphate <100 ppm
Iron <0.3 ppm
Manganese  <0.1 ppm

Supply pressure, min. 400 kPa (4 bar), must be constant.
» Total hardness, less than 180 mg per litre of CaCO, equal to 10 dH or

12.5e.
+  Chlorine content: less than 0.2 ppm. Table 3. Cleaning: Water Quality
e Chloride content: less than 30 ppm.
»  pH value: higher than 7. Component Content
b) IDF (International Dairy Federation) for minimum corrosion: (table 3). Total Hardness (CaCO,) <50 ppm
¢) The Society of Chemical Industries, London: (table 4). Chlor!de (NaCl) oL efetin
. . . . Chlorine (Cl) <1 ppm
The Society of Chemical Industries recommends slightly lower pH values
pH 65-75
and states a pH range of 6.5 to 7.5 (table 4). Iron (Fe) <1 ppm
The recommendations of Tetra Pak and the IDF (table 3) require a high pH (> 7 Manganese (Mn) <0.5 ppm
and > 8.3 respectively). Because of environmental problems, such water is no Suspended Solids Free

longer available in most countries. The high pH values are advocated in order to
minimise corrosion of the stainless steel surfaces of the equipment.
The hardness of water is defined (US) in table 5.

Table 4. Cleaning: Water Quality

Soft Water 0 -6dH
. Medium Hard 6-12dH
B. Housekeeping Hard Water 12-18 dH
Introduction Very Hard >18 dH
Housekeeping relates to the cleaning of the exterior and interior of a factory. (1 dH =10 ppm Ca0 = 17.9 ppm CaCOo,)
Satisfactory results can only be expected from an operation if both the sur-
. .. . .. Table 5. Hardness of water
@ roundings and the inside of a plant are in an acceptable condition. In a factory @
producing long-life products, cleaning activities should be carefully scheduled
since they are usually connected with dust and/or aerosol formation. The princi-
ples of housekeeping are presented below (221).
1. External Housekeeping
It has already been pointed out that the location of a factory has an impact on the
quality of the product(s) produced.
Immediate

The immediate surroundings are even more important. A stretch of 20 metres Surroundings
of concrete next to and around the buildings reduces the amount of dust caused
by traffic. Mice do not pass an open area of this size and, consequently, the risk
for an invasion of the factory by mice is reduced. This area should be kept clean
and tidy and must be free from stacks of pallets, old equipment, returned or
spoiled products, etc. The planting of bushes and flowerbeds close to buildings
should be avoided since they, although attractive, may harbour mice and insects
and may attract birds, all of which increase the risk of contamination of the
actual production section.

At regular intervals, but preferably not when production is in progress, the
premises must be cleaned manually with suitable tools or machines. Great care
must be taken to avoid unnecessary airborne contamination of the production
area (152).

47



Inside
the Factory

Housekeeping
Schedule

How to
Clean?

Moulds

Air
Currents

Aerosols

Cleaning
Floors

48

s [T 1T 11 ||

2. Internal Housekeeping

For the actual housekeeping, i.e., the cleaning of the indoor areas, it is necessary
to prepare and implement a cleaning schedule which includes all the room:s,
storage areas, toilets and offices, etc. The schedule is needed in order to be able
to minimise the extra load of particles in the air which occurs whenever any
housekeeping activity takes place.

Some zones must be cleaned once a day or even more frequently, whereas
others need to be cleaned once a week or maybe only once a year. The house-
keeping schedule has to be decided on and will be different for each factory.
The principle is very simple: minimise the load in the air in sensitive areas!
Obviously, the storage area for the finished product is a low-risk section. How-
ever, if trucks run between the storage area and, for example, the filling room, the
floor in the storage section has, at the least, to be kept clean: frequent cleaning
becomes essential.

Once a housekeeping schedule has been prepared it needs to be implemented!
The schedule states only when to clean, but the question of how to clean needs
also to be addressed. Methods and procedures must be established.

Cleaning with brushes and brooms, pressurised air, vacuum cleaners, or
wiping dust off with a cloth increases the load of dust in the air. Small particles
will rise several metres and settle slowly, contaminating horizontal surfaces in
particular. Consideration should be given to any materials carrying electrostatic
charges, such as plastic-coated packaging material. Often, dust particles are also
electrically charged: an active attraction is taking place. The risk of contamina-
tion in sensitive areas increases if dust is moistened by condensed water. Growth
of mould is likely to result. This is easily overlooked on the ceiling, cable ducts,
behind tanks, on piping, etc., and may cause severe problems.

It must also be recognised that dust may be transported from one room to
another by air streams due to differences in temperature and air currents caused
by open doors or windows. The only way to reduce such a risk effectively is to
schedule the housekeeping work and adhere to the plan meticulously.

Wet-cleaning may be done manually or with machines, water hoses, high-
pressure equipment or by foam or gel cleaning. Although floors and walls in
production areas must be made of non-absorbent materials, before a wet-cleaning
operation is started it is important to remove all moisture-absorbing materials
such as wooden pallets, cardboard boxes, etc., from the section. These come into
contact with moisture by being splashed with water or by aerosols which are
always formed when a wet-cleaning phase is underway. If such materials do
become moist, the risk of growth of microorganisms, particularly moulds,
increases. These in turn will contaminate the air and may cause quality problems.

The first step of any housekeeping activity should be to put everything in its
proper place. The cleaning of floors may often be difficult because the distance
between floor and undercarriage is too narrow. In addition, it is not possible to
control by inspection the effects of sweeping or rinsing.

Corners are likely to remain dirty, thus providing ideal spots for insects and
microorganisms to breed. Equally, the bottom of tanks, conveyor belts, etc., are
critical areas and difficult to keep reasonably clean. Usually, such areas must be
cleaned manually with a brush. They are only accessible by crawling on one’s
knees and a satisfactory result is difficult to achieve.

The housekeeping schedule should not only state when different rooms are to
be cleaned but should also contain information on how often the outside surfaces
of the items of equipment in each room should be cleaned and inspected.
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Obviously, it is possible and tempting to prepare a housekeeping schedule which
is so ambitious that its execution would require many hours every day. This is not
necessary. It is important to keep in mind that every housekeeping activity
removes a risk but also creates one as well: the risk removed must be higher than
the one originating from the activity. It is recommended to clean the production
area thoroughly after each production run, at the end of every day, or at the end
of the week if it is considered sufficient. All surfaces exposed to dust fallout
should be wiped with a towel moistened with water or disinfectant before the
next production run or use of the equipment commences.

It is highly recommended that all surfaces which are cleaned with water are
carefully dried at the end of the cleaning operation. Small residues of water
support the development of microorganisms and increase the microbial load in
the air. The importance of a proper installation of the sewage system has already
been addressed. All drains in the floors as well as all basins for washing items of
equipment by hand should be cleaned manually and disinfected at the end of
each working day.

In spite of all these efforts, it is difficult to prevent the appearance of insects
and pests in a food factory. It is common to contract a specialist company for
regular control and, if need be, treatment in order to kill mice, insects and other
pests. Depending on local regulations, only certain biocides are permitted. To
achieve an optimal result, it is usually necessary to locate the breeding spots.
Specialist companies should have the equipment and knowledge necessary in
order to minimise the risk of an invasion of the factory by pests. They should
also know which chemicals are permitted and which chemicals require pro-
duction to be shut down for several hours or even days.

For cleaning as well as for housekeeping, the goal must be to achieve a result
which is as good as necessary and not as good as is humanly possible. Every
activity in this field represents a compromise between economy and quality.

Cleaning and housekeeping should be:

as good as necessary — no more, no less!

Over-Ambition!

Sewage System,
Drains

Pests
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9. Commissioning

Summary

Commissioning is the demonstration that the equipment, production line and/or
plant perform as specified or agreed upon. Specified conditions are not negotiable,
neither with regard to stated values nor to the methods and procedures to be used
in checking. However, some important performance criteria are heavily affected
by conditions which are beyond the control of the equipment, production line or
plant supplier. If these are included in the commissioning process, values as well
as methods and procedures for checking have to be agreed upon between the
parties involved, usually the buyer and the seller. In the present chapter, the
commissioning of microbiological performance criteria is discussed in detail.

1. General

Before production commences, it must be established that the assembled plant is
as specified and capable of working to the standards laid down (142).

Commissioning is the demonstration that the components, processing systems
and/or combinations delivered and/or installed operate within their technically
specified limits or are capable of producing an agreed upon result. As part of the
GMPs (US FDA: 21 CFR 113), every plant should be subjected to a commis-
sioning procedure.

Equipment specifications are prepared by the manufacturer of the machinery
and thus not negotiable. This applies to the specification parameters as such and
the methods and procedures for testing. However, not all characteristics of
interest can be specified by the manufacturer of the equipment since they
depend upon factors which are not, or not fully, controlled by the equipment
supplier. The details of such performance criteria have to be agreed upon by the
commercial processor, the supplier of the machinery, and any other party involved.
Microbiological performance criteria present an example and are discussed in
some detail below.

2. Microbiological Performance

Prior to any microbiological performance test of the production line for a
long-life product, it should be confirmed that the plant is cleanable. In addition, it
is recommended that during commissioning, all parts of the plant which come
into contact with the sterile product reach the required temperature and/or con-
ditions for the required duration when pre-sterilisation is carried out (222).

Microbiological performance can only be checked on entire production lines
running under true operating conditions (142, 222), never on individual compo-
nents that make up such lines (262). The normal procedure is to sample an
agreed number of packages or containers which, after proper incubation, are
evaluated for microbial spoilage. One manufacturer of an aseptic packaging
system provides a “sterile guarantee” (22) without, however, specifying condi-
tions. For such a guarantee to be meaningful, a large number of parameters need
to be specified.

Commissioning is
Part of GMP

Specifications
Performance Criteria

Pre-Conditions for Micro-
biological Performance Testing
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When agreeing on microbiological performance criteria, attention must be paid
not only to the equipment but also

 to the environment in which the equipment functions;

 to the installation in general;

 to the microbiological quality (spore count) of the raw materials (ingredients);
 to the intermediate product(s);

» and to operative procedures.

The purpose of microbiological performance testing is to demonstrate that the
plant in question can perform to defined standards. Because of the costs and time
involved, such a procedure should be restricted to a limited number of products,
preferably only one. Often, if required, process parameters can be adjusted to
apply to specific demands for individual products. The idea of including in the
microbiological performance test secondary packaging as well as handling
practices and distribution procedures (222) could also be considered.

Microbiological performance criteria for aseptic production lines could be
AQLs (acceptance quality level; maximum acceptable defect rates). Since test
procedures are based on statistics, unsterility rates can only be expressed in terms
of probabilities. At most, a microbiological performance test only shows that a
production line at a certain time, and under specified and existing conditions, has
achieved the agreed upon result. This is not a guarantee that the line will deliver
the same or comparable results at other times or under other conditions. Factors
having an impact on the result change continuously.

Before commencing a microbiological performance test, agreement should be
reached on the following:

1) number of samples to be tested;

2) sampling procedures;

3) incubation conditions;

4) methods of evaluation;

5) definition of a defective (unsterile) package; and

6) consequences of deviation.

2.1 Number of Samples to be Tested

It has been claimed that the number of test package should not be less than
20,000 and should represent a running period of not less than 4 hours (142).
Tetra Pak suggests three independent production runs. From each run 2,400
packages are sampled, incubated, and evaluated, thus giving a total of 7,200.
A defect rate of 0.1% is recommended as acceptable (262). This corresponds to
no more than three defects in the total number of packages tested (7,200), and is
based on a 90 % probability level. However, the number of samples which should
be drawn for testing depends on the AQL to be checked. This in turn should be
defined by the commercial processor and the sampling procedures should be
adopted accordingly. Agreement should be reached on the parameters above by
the buyer and seller.

Statistics are used in all sampling procedures, including that of checking
microbiological line performance. In this instance, Poisson distribution applies.
(For a more detailed discussion of sampling statistics, see the section on “Quality
Control”). In order to be able to establish a suitable sampling plan, the following
two parameters need to be specified:

» the rate of defects to be checked; and

 the probability level.
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The Poisson distribution diagram is shown in figure 1 at the end of this section.
In the diagram, the y-axis shows the probability. When developing attribute
sampling plans, the required probability needs to be decided on in order to be
able to use the diagram. The x-axis gives a factor for calculating the number of
packages needed to fulfil the requirements of a specified sampling plan. Formu-
las for this calculation are given at the bottom of the diagram. In addition, the
diagram contains a number of C-lines (C=1, C=2, C=3, etc.,) which indicate
the number of events which are being checked. If, for example, a defect rate of
1 per 1,000 (0.1%) packages is to be determined at a 90% probability level, the
Poisson diagram is entered at 9 (= 90% probability). One proceeds along this line
until the curve C=1 is reached and the corresponding x-value of ~ 2.3 is
extracted. Using the formula for n (= number of samples needed), the following
calculation results:

n =100 ¢ x / defect rate to be checked
n=100°2.3/0.1 =2,300

In order to check a defect rate of 0.1% at 90% probability, 2,300 packages are
needed. The conditions for the sampling plan are fulfilled if, after proper incubation,
no more than one defective package is found. If the defect rate to be checked is 2 per
1,000 (0.2%), the same procedure is used but instead of reading the curve C=1, the
curve C=2 is read and a value of ~ 4 is obtained. The rest of the calculation is the
same: 2.3 is replaced by 4 and the resulting number of packages needed is 4,000.
The number of defective packages acceptable is zero, one or two.

On the other hand, if a given number of packages is incubated and evaluated
(say 200) and one defective package is found, what are the conclusions that can
be drawn? Again the Poisson diagram should be consulted, but this time the
corresponding defect rate should be calculated. Based on a 90% probability level,
x is again equal to 2.3. The following formula should be applied:

defect rate =100 ¢ x/n
defect rate =100 2.3 /200 = ~ 1.1

At a 90% probability level, the defect rate is equal to or less than 1.1%. However,
there is a 10% risk that the defect rate is even higher than 1.1%!

Table 1 shows that low defect rates (< 0.1 %) are difficult to detect: a large
number of packages is needed to reach any reasonable probability level of
detection.

Size of sample (No. of packages tested)

% Spoilage
in Batch 10 30 100 300 1,000 3,000
5 40.1 785 994 999 999 999
2 183 450 86.7 99.8 999 999
1 96 260 634 951 999 999
0.1 1.0 30 95 259 632 950
0.01 01 03 10 30 95 259

Table 1. Percentage probability of detecting one or more spoiled
aseptic packages in different sample sizes for a number of spoilage
levels in an entire batch.

Ineffectiveness of
Sampling Procedures
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Buyer’s Risk Versus

Seller’s Risk

Defect Rate Risk Samples Needed

%
1:10,000 10.0
5.0
1.0
0.1
1:1,000 10.0
5.0
1.0
0.1
1:100 10.0
5.0
1.0
0.1

Table 2. Samples (Packages) needed to
detect different defect rates. (Acceptance
level: one defective unit).

Large Numbers of

Packages are Needed!

Incubation Time and Temperature:

A Compromise!

Evaluation:
A Compromise!
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23,000
35,000
46,000
70,000
2,300
3,500
4,600
7,000
230
350
460
700
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2.2 Sampling Procedures

Sampling procedures are described in more detail in the section on “Quality Con-
trol”. Agreement should be reached as to whether the sample is the total produc-
tion run or only parts of it. In addition, if a sampling scheme is applied, should
random or aimed sampling procedures be used, or both?

It has been suggested (265) that 300 individual packages be randomly sampled
from a production run of 3,000 to 8,000 units. A defect rate of 0.1% is achieved
if no more than one defective package is found. This number is based on the
buyer’s risk, i.e., that production within quality specifications is not claimed
incorrectly. The “American Military Standard” is based on the buyer’s risk. In
commissioning the producer’s risk, i.e., that of not releasing a “bad” production,
should be considered. Much larger numbers are required: 2,300 packages need to
be incubated. If no more than one defective package is found, the unsterility rate
of 90% probability does not exceed 0.1%.

The Poisson distribution diagram (figure 1) has been used to calculate of the
sampling plans. The conditions of the sampling plan are fulfilled if not more than
one defective package is found in the sample. As can be seen in table 2, very
large numbers of packages are needed in order to detect low defect rates (0.1% or
less) at a reasonable level of probability. In this respect, the space needed for
incubation can be a problem. A suitable room has to be provided. Sometimes the
boiler room can be used.

Table 2 gives the number of samples needed to check for different defect rates
at varying levels of risk. The level of probability is an expression of the likeli-
hood that the conclusion drawn is correct, while the risk indicates the opposite.
The risk of an operation is equal to 100% minus the probability of that process.

2.3 Incubation Conditions

For how long and at what temperatures are the samples to be incubated? The
choice of any high incubation temperature introduces a factor of choice. The
most correct procedure would be to store the selected packages at ambient tem-
perature for the whole of their intended shelf life. However, such a procedure is
prohibitive because of the time factor involved.

Accelerated procedures must be used. In so doing, artificial conditions are
created and, as a result, not all (or even more?) unsterile packages will be
detected. A compromise between accuracy and time needs to be arrived at. In
choosing the most suitable incubation temperature, consideration must be given
to the normal climatic conditions prevailing in the area where the plant is located,
and the product distributed and marketed. It is recommended that incubation
should be at ~30°C for 3 weeks (142) or at 30°C for at least 7 days (Tetra Pak’s
recommendation). The subject is discussed further in the section on “Quality
Control”.

During the incubation of packages, temperature changes in the containers will
be rather slow. Consequently, average incubation temperatures are of impor-
tance. During incubation, exact temperature regulation, though desirable, is not
really necessary.

2.4 Methods of Evaluation

Methods of evaluation should be agreed upon. A list of some commonly used
procedures is presented in the section on “Quality Control”. Again, a suitable
compromise has to be reached between cost and accuracy. A large number of
units has to be tested and checked. Expensive methods of evaluation, though
accurate, may be prohibitive because of cost.
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2.5 Definition of a Defect

To a certain extent, a failure is defined by the method of evaluation. Depending
on the method(s) of evaluation agreed on and used, clarification is needed as to
what deviation from normal is to be regarded as a failure, i.e., an unsterile package.

2.6 Consequences of Deviation

What consequences arise if the result agreed on is not attained: repetition of the
test or test sequence? Adjustment of the equipment and/or installation? Return of

the equipment? etc. If the test is repeated, who is responsible for what? How are
the expenses incurred to be recovered?

001

01 o1

-
-

E C=1
T 2 2
g s 3
S 4 4
’-': 5 5
n 6 6
7 7
8 8
9 9
99 99
999 999
0.1 2 3 4 5 6.7 8 .9 10 2 3 4 5 6 7 8 910
Defect Rate * n 100 * x 100 * x
X= === 0 1 n= ———~ 2 Defect Rate = ———~—2
100 Defect Rate n
Defect Rate = Unsterilty in per cent n = Number of packages tested

Figure 1. Poisson Diagram
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10. Changes During Milk Processing

Summary

Each treatment of a food product inflicts changes on it. Depending on the product
in question, these changes may be desirable or undesirable. To a greater and
greater extent, consumers today are demanding “natural”, i.e., unchanged food
products. Any effects of commercial processing are regarded as negative. On
the other hand, because of rationalisation, distances between food processing
factories and consumers are increasing. Concentration of sales outlets (super-
markets and hypermarkets) add to the problem. As a result, an increased shelf life
for food products is required. Long-life products represent the best compromise
between the demands of unchanged products (limited effects of processing) and
increased shelf life.

1. General
Why Food

In general, food products are processed for a number of different reasons: public Processing?
health, prolonged shelf life, to increase nutritional values or enhance flavour, etc.

Heat treatment of milk is recommended mainly because of public health

aspects and to increase its shelf life. A number of thermal processes are either

legally recognised and enforced or are already in use in most countries. In

principle these processes are:

e pasteurisation;

 retorting (in-container sterilisation);

e UHT treatment (in-flow sterilisation); and

e boiling.

Depending on its severity, heat treatment results in a number of changes in the
composition, nutritional value and flavour of milk.

2. Acidity

After UHT treatment, a slight increase in titrable acidity has been found, probably
caused by the formation of -SH groups in the heating process (56). However, in a
study of 66 UHT-treated samples of milk (250), “sterilisation reduced the titrable
acidity somewhat but did not affect the pH”.

3. Water

The water content of milk is, of course, not affected by heat treatment provided
that no evaporation takes place. If direct (injection or infusion heating) systems
are used, it is essential that the vacuum in the expansion cooling vessel is properly
adjusted. Otherwise either dilution or concentration of the product takes place.

4. Lactose

The carbohydrates in milk, mainly lactose, are relatively heat stable. Short The Maillard
boiling, pasteurisation and UHT treatment do not affect the lactose content in a Reaction
measurable way (155). Depending on the total load of heat, however, retorting

may lead to “browning”, a product change due to the so-called “Maillard”

reaction (118). UHT treatment does not result in browning (205). In this chain

reaction, certain sulphurs containing amino acids and lactose are involved. One

of the first steps of this reaction is the formation of hydroxy-methyl-furfural

(HMF) (204, 205).
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Product HMF-Value UHT Treatment HMF uMol/litre
Raw Milk 0.08 Direct 2.16

UHT Milk 0.07 - 0.09 Indirect 2.56 - 7.64
UHT + Retort 0.16 - 0.24 Retorted 12.04

Retorted Cream 0.38

Table 2. HMF-Values: Comparison
between UHT and Retorting

Table 1. Different Heat Treatments of
Milk, HMF-Values

In tests, milk was subjected to heating in the temperature range 135-155°C with
holding times of 5 to 1 seconds (UHT process). For comparison, in-container
sterilisation (retorting) was carried out at 120°C for 15-20 minutes. The HMF-
values are shown in table 1.

All retorted products had a significantly higher amount of HMF than the
UHT products (table 1) (106). In a comparison between different UHT treat-
ments and retorted milk, the HMF-values shown in table 2 (204) were found.

Any heat treatment of milk results in an increase in the lactulose content. This
compound originates from lactose and is also formed in UHT- treated milk. The
lactulose value has been used as a measure of the severity of different heat
treatments and permits a distinction between various heat treatments of milk.

5. Milk Fat

The milk fat is also rather heat stable (217). No essential changes in composition
are reported by short boiling and pasteurisation. Some reports indicate a slight
effect on unsaturated fatty acids from both UHT treatment and retorting: they
lose some of the double bonds. From a nutritional point of view, this change is
regarded as negligible.

6. Milk Protein

The milk protein, casein ( 80%) and whey or serum protein ( 20%) are practically
unaffected by pasteurisation.

UHT treatment results in abnormally long rennetting times which could be
corrected by the addition of soluble calcium (205). Short boiling, UHT treatment
and retorting denature the serum proteins to a varying extent (table 3). The values
in parentheses indicate the percentage gain of casein or loss of whey protein
nitrogen inflicted by the different heat treatments.

Heat Treatment Casein Nitrogen Whey Nitrogen
(mg/1009) (mg/1009)
Raw Skimmed Milk 432 (100.0%) 87 (100.0%)
Pasteurisation 442 (102.3%) 68 (78.2%)
UHT Treatment 470 (109.0%) 37 (42.5%)
Retorting 498 (112.8%) 19 (21.6%)

Pasteurisation: 85°C, 15 seconds; retorting: 116°C, 15 minutes;
UHT treatment: steam injection, 150°C, 2.4 seconds

Table 3. The Effect of Heat Treatment on Casein and Whey Nitrogen

Depending on the severity of the heat treatment, the casein nitrogen increases
and the whey nitrogen decreases: the serum proteins are deposited on to the casein
protein. In an experimental UHT plant, the effects of direct and indirect heating
on B-lactoglobulin were studied. Bacteriologically equivalent processes resulted
in a 68.4% denaturation for direct UHT treatment, while the indirect system
denatured 91.9% (106). Denaturation of the milk serum protein whitens the milk (79),
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does not reduce the nutritional value (229), and gives a soft coagulum which
actually improves digestibility (6, 205, 213). The coagulum obtained from
human milk is soft.
Most of the amino acids remain unaffected by any of the different heat treat-
ments. However, a slight loss in the lysine content (table 4) of milk can be regis- Loss of
tered (18, 214, 215, 216). Again, the magnitude of this loss depends on the Lysine
severity of the heat treatment.
Comparing direct and indirect UHT treatment, the differences observed in the
loss of lysine were not significant (229).

The coagulation time of milk depends very much on its pH. Milk was heated PREEEE o LElie s
to 140°C and the time needed for coagulation by heat was determined (39). Pasteurisation 1-2
A minimum heat stability was found at a pH of, or close to, 6.8, the normal pH Short Boiling 5
of milk. In the alkaline range in particular, protein heat stability increased UHT Treatment 3=4
drastically (figure 1). Retorting 6-10

As found in tests on rats, the effects of pasteurisation, UHT treatment, spray Table 4. The Effect of Different Heat
and roller drying, concentration and evaporation on the biological value of milk Treatments on the Lysine Content of Milk

protein are very slight. Retorting had a more pronounced effect (table 5) (79).

Feeding experiments on rats showed no effects of pasteurisation or UHT
treatment but retorting resulted in a clear decrease in the biological value. In a
further rat feeding experiment, no major changes in the overall nutritional value
of pasteurised or UHT-treated milk were registered (66).

Coagulation Time

at 140°C (min)
28 =
24 Type of Biological Value
Milk for Rats
20 ==
Raw 90%
$ 164 Pasteurised 91%
12 - UHT 91%
Spray-Dried 90%
84 Roller-Dried 89%
4 = Condensed 89%
Evaporated 88%
Retorted 84%
Frrrrrrrrrnrri
6.5 6.7 6.9 71 7.3
pH Table 5. The Effect of Different Heat

Figure 1. The Effect of pH on the Treatments on the Biological Value of Milk

Coagulation Time of Milk (at 140°C)

7. Minerals

Milk minerals are insignificantly affected by heat treatment. The content of soluble
calcium and phosphate may decrease slightly, a change which is of no signific-
ance for the nutritional value (209, 216).

Heat Treatment Freezing Point (°C)

8. Freezing Point Untreated Milk -0.514

Pasteurisati -0.516

Depending on the UHT treatment applied, the freezing point of milk may be UZSTeSirrlzitlon _0519

slightly increased by direct heating and expansion cooling (table 6) (72). UHT Indirect ) O: 516
The increase in freezing point (250) is due mainly to the removal of dissolved

gas (oxygen and carbon dioxide) during expansion cooling in direct working Table 6. The Effect of Different Heat

UHT sterilisers. Under extreme conditions, the freezing point can rise up to Treatments on the Freezing Point of Milk

0.010°C. Pasteurisation and indirect UHT treatment may lead to an increase in
freezing point of between 0 and 1.7%, while the corresponding values for direct
UHT heating may reach up to 4.5% (77). In some countries, the freezing point is not

Increase in
Freezing Point!
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Di-Sulphide Bonds in the Milk Protein
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only used to detect adulteration (dilution with water) in raw milk but also for the
finished product. It should be borne in mind that even with correct adjustment of
the expansion cooler, an increase in freezing point might occur: freezing point
determination is not a suitable method for determining adulteration in finished
UHT milk!

9. UHT-Induced Changes in Flavour

The flavour of any food product is probably the most significant quality charac-
teristic in the judgment of the consumer. A product which, for whatever the
reason might be, is not consumed has a nutritional value of zero. Therefore, the
sensory reception of any food product is of paramount importance. The flavour
of long-life milk is determined by three factors:

a) the quality of the raw milk or, more correctly, of the intermediate product;
b) changes in flavour induced by UHT treatment; and
¢) changes during storage.

The Q,,-value for the change in reaction rate is greater for the destruction of
bacterial spores, Q,, = 8 -30, than for chemical changes, Q, =2-3 (121, 219)
(figure 2).

Consequently, microbiologically equivalent processes cause less chemical
change at higher temperatures and have correspondingly shorter holding times.

Immediately after processing, UHT-treated milk has a pronounced cooked
flavour (121, 219) which appears in all types of milk heated above 75-80°C
(204). A large number of chemical compounds have been identified that
contribute to the cooked flavour. However, the main cause is the reaction shown
in figure 3 (49, 77, 168, 217).

If milk is heated above 80°C, B-lactoglobulin is denatured and in the process
di-sulphide groups are reduced to sulfhydryl groups which have a “cabbage” like
flavour (126). This also leads to a slight drop in pH of 0.1 to 0.2 units (56). The
occurrence of the cooked flavour could be reduced in intensity or eliminated by
the addition of small amounts (30 to 100 ppm) of 1-cystine (36, 49, 50).

The formation of SH-groups is reversible (77, 224). The presence of oxygen
accelerates this process (56). As a result, the flavour of long-life milk gradually
improves during storage until an optimum is reached.

Burnt flavour may result from burnt-on particles which, mainly in indirect
heating systems, may loosen from heat exchange surfaces if production times are
extended excessively.

Species Solids Protein Fat Lactose Ash

Dolphin 55% 10.5% 35.0% 1.0% 0.5%
Fallow Deer 34% 10.5% 20.0% 2.5% 1.5%
Elephant 29% 3.5% 18.0% 5.5% 0.6%
Pig 20% 6.0% 8.0% 5.0% 1.0%
Sheep 19% 6.0% 7.0% 4.5% 0.9%
Cow 14% 4.0% 4.5% 4.5% 0.8%
Goat 13% 3.0% 4.5% 4.5% 0.8%
Human 13% 1.2% 4.5% 7.0% 0.2%
Camel 12% 3.5% 3.5% 5.0% 0.7%
Horse 10% 2.0% 1.5% 6.0% 0.4%

Table 7. Composition of Milk from Different Animals
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10. Nutritional Value of Milk

Milk is the lacteal secretion obtained by milking mammals. The composition of
the milk varies from species to species; some examples are given in table 7.

Milk is the sole natural source of nutrition for mammals to feed their off-
spring. It provides all the nutrients needed for growth and development during
the first period of life. In its composition, milk differs between different species
of mammal (table 7) because of differences in their nutritional needs. Though
intended by nature to support the optimal development of infants and suckling
animals, cow’s milk can provide valuable nutrients for growing children, adults
and elderly people. Early in history, milk from domesticated animals was re-
cognised as a valuable food source.

In addition to the components listed above, minor constituents are also present
in milk, such as vitamins (table 10) and trace metals. The term “milk” refers
below to cow’s milk unless otherwise stated. The protein in cow’s milk has a
high biological value, i.e., it has a high content of essential amino acids (214).

Essential Amino Minimal Daily Content in 1 Litre Litre of Milk
Acid Intake (in mg) of Milk (in mg) Needed (Adult)
Tryptophan 0.25 0.5 0.5
Phenylalanin 1.1 1.8 0.6
Leucin 1.1 3.6 0.3
Isoleucin 0.7 2.2 0.3
Threonin 0.5 1.7 0.3
Methionin 1.1 0.9 1.2
Lysine 0.8 2.7 0.3
Valin 0.8 2.3 0.4

Table 8. Essential Amino Acids in Cow’s Milk

With regard to the essential amino acids, tables 8 and 9 (4) show the rather
close similarity between cow’s milk and human milk. Essential amino acids
cannot be produced by the human body, they have to be supplied from an outside
source. The use of a protein as building material depends upon its content of
essential amino acids. The nutritional value of a protein is determined by the
essential amino acids present at their relative lowest concentration.

Amino Acid Cow’s Milk Human Milk Hen’s Egg
Isoleucin 6.4 6.4 6.6
Leucine 9.9 8.9 8.8
Lysine 7.8 6.3 6.4
Phenylalanin 4.9 4.6 5.8
Tyrosine 5.1 5.5 4.2
Cystine 0.9 2.1 2.4
Methionin 2.4 2.2 3.1
Threonin 4.6 4.6 5.1
Tryptophan 1.4 1.6 1.6
Valine 6.9 6.6 7.3

Table 9. Essential Amino Acids: Comparison between Cow's Milk, Human Milk
and a Hen's Egg

Composition of Milk:
Different Species

Vitamins, Essential
Amino Acids

Nutritional Value:
Essential Amino Acids
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Vitamin

Caroten A
Carotin
Thiamine B,
Riboflavin B,
Pyridoxine B,
Cobalamin B,
Niacin

Folic Acid
Panthothenic
Acid B,
Inosit

Ascorbic Acid C

Content in Milk:
mg/Litre Average

0.35
0.20
0.43
1.7
0.48
0.0045
0.95
0.055

3.6
170
18

Table 10. The Vitamin Content of Cow'’s

Milk

Milk: Vitamins

A,Dand E
Heat Treatment I.U. Vitamin

D/Litre Milk
Pasteurisation 80
UHT Treatment 77
Retorting 75
@ Table 11. The Effect of Heat Treatment on
Vitamin D
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11. Vitamins

Milk supplies a large number of vitamins (table 10) that are essential not only
to the development of calves but also necessary to fulfil the nutritional needs of
human infants, children and adults.

Opinions differ considerably about the human adult’s need for vitamins.
Reported variations in the estimated need are 2-30 mg of vitamin E (tocopherol),
0.5-7.0 mg of B (pyridoxine) and 0.5-5(1g of B, (cobalamin) per day (214).
Milk should be regarded as an important source of some vitamins, especially B,
and B, as well as vitamin A, B, folic acid and panthothenic acid (122, 214).

Some vitamins are affected by heating, the magnitude of loss depending on
the severity of the heat treatment applied.

Fat soluble vitamins in milk fat are vitamin A (azerophthol and carotene),
vitamin D (calciferol) and vitamin E (tocopherol). The amounts present depend
on the fat content of the milk.

Vitamin A is essentially unaffected by pasteurisation and UHT treatment
(58, 161, 216). Vitamin D is slightly affected by heating, the loss depends upon
the severity of the heat treatment (table 11) (55). Vitamin E is considered to be
stable in all commercially applied heat-processing procedures (209, 214).

Water soluble vitamins present in milk are vitamin B complex, vitamin C,
folic acid, biotin and nicotinic acid.

Vitamin Pasteurisation Short Boiling UHT Retorting
% Loss % Loss % Loss % Loss

B, 10 10-20 5-15 30 - 40

B, 0 4 6

B, 0 0 0 0

B, 0-5 5-8 10 25

B 10 20 10-20 80 - 100

12

Table 12. The Effect of Heat Treatment on the Vitamin B Complex

Vitamin B complex consists of a number of vitamins of varying sensitivity to
different heat treatments (table 12) (18, 55, 79, 209, 216).

Vitamin C, ascorbic acid and dehydro-ascorbic acid are heat sensitive. This is
particularly true for dehydro-ascorbic acid (55, 79, 209, 216). Some losses are
already encountered at pasteurisation (table 13). As the severity of the heat treat-
ment increases, more and more vitamin C is lost.

Process % Vitamin C Process % Folic Acid
Loss Loss
Pasteurisation 5-20 Pasteurisation 3-5
Short Boiling 15-20 Short Boiling ca. 15
UHT Treatment 10- 20 UHT Treatment 10-20
Retorting 30-50 Retorting 40 - 50

Table 13. The Effect of Heat Treatment on
Vitamin C

Table 14. The Effect of Different Heat
Treatments on Folic Acid
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The effects of the different heat treatments of milk (table 14) reported for folic acid
have to be used with care (79, 155). Methods and procedures of analysis are not
always comparable or adequate.

Biotin and nicotinic acid are regarded as heat stable and unaffected by
commercially applied heat processes (58, 122, 209).

A comparison of the various heat treatments on the vitamin content of milk
(table 15) showed the following losses in percent (151). Some of the results
differ considerably from those obtained in other studies (see above). Different
methods of analysis have been used by different researchers. The oxygen content
of milk can and does affect some of the vitamins to a varying degree. In addition,
the vitamin content of milk varies widely over the lactation period.

Vitamin Past. Direct UHT Retort  Spray Drying
Vitamin A 0-57 1.0-28

B-Carotene neg. 6.1 neg.

Vitamin D neg. neg. neg.

Vitamin E neg. 5 neg.

Vitamin C 16.6 10 - 30.1 30 - 100 20
Vitamin B, 11.9 9.4-18.0 20 - 45 10 - 15
Vitamin B, 1.0 0-27 15

Vitamin B, 0-8 32-73 15

Vitamin B, , 8 18 20 - 100 30 - 35
Nicotinic Acid neg. 4.0 10

Panthothenic Acid neg. 3.6 10

Folic Acid 5-12.2 12-17 40

Biotin 0-10 0-10 0-10 10 - 15

neg. = negligible

Table 15. The Effect of Different Heat Treatments on Different Vitamin losses in %
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11. Product Changes During Storage

Summary

All food products change during storage. Depending on the product in question,
these alterations may be favourable improving flavour, texture or digestibility,
but they are usually undesirable. Often these changes are caused by chemical
reactions. Such reactions are very much affected by temperature: the lower the
temperature the slower the changes. Attention must also be paid to biochemical
reactions caused by the activity of enzymes, some of which are very temperature-
resistant.

As far as long-life products are concerned, milk and milk products have been
studied very extensively. During storage, three different kinds of product
alterations are essential and of major importance: the effect of storage on milk
protein, the flavour and the vitamin content. These and other changes are
discussed in some detail.

1. General

In addition to changes inflicted by processing, other changes take place during
the storage of milk and milk products. In general, the speed of such changes
depends on the storage temperature. Since most of the reactions are chemical by
nature, it is fair to assume a Q,,-value of around 2 to 3. Each increase in storage
temperature by 10°C doubles or triples the speed of the chemical reactions. On Chemical Changes:
the other hand, if the storage temperature is lowered by 10°C, the chemical shelf Q,,-Value =2 -3
life is doubled or even tripled. Some reactions require a minimum temperature
(threshold value) to start at all. This temperature can be provided by processing
the product.
In milk and milk products, natural and microbiological enzymes are present
in varying amounts. The most studied and best known are proteases and lipases.
Some of these enzymes change the product rapidly even at low temperatures. In
contrast to chemical reactions, enzymatic activities have optimal temperatures.

2. Water

The water content of milk should not change measurably during storage. This
very much depends on the packaging which should provide a barrier against loss
of water. Chemical changes do not measurably affect the water content.

3. Lactose

At high storage temperatures (>30-35°C), the Maillard reaction starts. This is a
chain reaction in which sulphur containing amino acids and reducing sugars such
as lactose are involved leading to a browning of the milk. These reactions
proceed faster and at lower temperatures with galactose and glucose (hydrolysed
lactose).
Some people suffer from lactase deficiency (lactose intolerance). As a con-
sequence, lactose is not split into glucose and galactose and it reaches the colon.
Breakdown of lactose by the intestinal flora results in the formation of gas. By
adding lactase to milk, the content of lactose can be reduced. Long-life milk
offers a good possibility: after UHT treatment, lactase can be added to the milk.
Lactase is heat-sensitive and inactivated by UHT treatment. Consequently, the
enzyme has to be added subsequent to UHT treatment. After sterile filtration, Lactase Deficiency
small amounts of lactase are injected into the aseptic transfer line or, better, into (Lactose Intolerance)
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Figure 1. Hydrolysis of Lactose in Long-
Life Milk

Increase in Free
Fatty Acids

Free Fatty Acids:
Flavour Threshold

Storage Free Fatty
Temperature Acids
4°C 0.32%
20°C 0.41%
38°C 0.59%

Table 1. Free Fatty Acids in Long-Life Milk:

Effect of Storage Temperature

Sedimentation
Gelation
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Liquid Lactase Sterile Filtration

Aseptic Storage

Aseptic Transfer Packaging Hydrolysis

commercially sterile milk during the aseptic filling operation (195) (figure 1).
During storage, the lactose is hydrolysed into galactose and glucose. These
monosaccharides more easily start the Maillard reaction and, consequently,
browning and flavour changes during storage proceed more rapidly and develop
at lower temperatures. In addition, the milk develops a slightly sweeter taste.

4. Milk fat

During storage, a slight increase in the content of free fatty acids is normal (56).
If, however, the untreated milk (intermediate product) contains a relatively high
content of thermo-resistant lipases, these will cause a more rapid increase in the
free fatty acid content with the development of a rancid flavour as a conse-
quence. This increase is also temperature-dependent (table 1).

The effect after 10 weeks of direct and indirect heating and storage tempera-
ture on the content of free fatty acids in long-life milk has been studied (table 2)
(218).

These values are difficult to understand since the higher heat load of indirect
systems should lead to a more effective inactivation of the enzyme. One
possible answer is that different types of raw milk (intermediate products) have
been used. An increase of 0.05% in the free fatty acid content can be recognised
by expert graders. Normal consumers are far less sensitive. Different fatty acids
have distinct flavour threshold values (table 3) (112).

Unless the flavour changes render the product unacceptable, this lipolytic
activity is of no nutritional significance.

Fatty Acid in Water in Oil

UHT 4°C 20°C 38°C Acetic Acid 54 ppm 3 ppm
Butyric Acid 7 ppm 0.6 ppm

Caproic Acid 5 ppm 3 ppm
Caprylic Acid 6 ppm 350 ppm
Capric Acid 4 ppm 200 ppm
Lauric Acid - 700 ppm

Direct 0.28% 0.35% 0.82%
Indirect 0.37% 0.43% 1%

Table 2. Free Fatty Acids in Long-Life Milk: Table 3. Flavour Threshold Values: Free
Effect of Direct and Indirect Heating Fatty Acids

5. Milk Protein

During storage of long-life milk, sedimentation and/or gelation may occur. Sedi-
ment formation is frequently observed in long-life milk, though wide variations
exist in respect to the amount (56, 24). A slight sediment is normal. At pH values
below 6.65, extremely heavy sedimentation consisting mainly of milk protein
(casein and albumin) has been encountered (273). Aggregation leading to
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sedimentation depends not only on the heat treatment as such but also on a
number of other factors such as pH, Ca*™ concentration, raw milk (intermediate
product) quality, etc. Sedimentation can be reduced by adding 0.5 g/l Na-citrate,
Na-bicarbonate (224, 225), or Na-diphosphate, while adding CaCl2 increases the
amount of sediment (table 4).

During storage, sedimentation can cause a “sandy” flavour defect to develop.

A correlation between alcohol stability (protein stability of the untreated milk,
see the section on “Quality Control”) and the amount of sediment has been
demonstrated (figure 2) (250).

During storage, the rennet coagulation time first increases then decreases
often below the coagulation time for raw milk. This phenomenon depends very
much on storage temperature. In addition, the coagulum obtained is rather soft
(56).

When long-life milk is stored at a temperature of 20-30°C or higher, a slight
flocculation up to complete coagulation may occur. The phenomenon of “sterile
coagulation” is described as proceeding in two steps: first flocculation, fol-
lowed by gelation. The following changes were observed in UHT-sterilised, age-
thickened milk:

a) a proteolytic casein decomposition with an increase in the soluble, non-
protein nitrogen;

b) a decrease in the relative concentration of B-casein;
¢) achange in the o-casein; and
d) an increase in sensitivity of the casein to calcium ions.

Gelation can, to some extent, be overcome by the addition of 0.05% sodium
polyphosphate, whereas orthophosphates make the problem worse (272). Gela-
tion is probably caused by the action of heat-stable proteases.

Proteases from Bacillus cereus were found to be rather temperature-resistant.
In milk, heating to 146°C for 3 seconds at a pH of 6.6 resulted in only a 50% loss
of proteolytic activity. Thermo-resistant proteases are also formed by Pseu-
domonas fluorescens (239). More and more microorganisms are shown to be able
to produce such enzymes. The half-life of the enzyme in skimmed milk at a
temperature of 149°C was 7 seconds (41). Cold storage of untreated milk of good
quality for up to 72 hours at 4°C did not lead to more pronounced proteolytic
activity, while raw milk intentionally enriched with psychrotrophic microorgan-
isms showed a significant increase in non-protein nitrogen (NPN) compared to
the untreated control milk (57).

Inactivation of thermo-resistant proteases at low temperatures (60 min at
55°C) has been proposed, resulting in a 70% inactivation of thermo-resistant
proteolytic activity in milk (40).

Factor Amount of Sediment
No Addition 1.15
CaCl, 1.64
Na-Citrate 0.11

Table 4. The Effect of Calcium and Citrate
on the Amount of Sediment

Sediment

2.0

60 70 80 90 100
Alcohol Number

Figure 2. Relation Between Amount of
Sediment and Alcohol Stability

Gelation = Sterile Coagulation =
Age Thickening

Thermo-Resistant
Proteases
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Figure 3. Schematic Flavour
Development in Long-Life Milk
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6. Minerals

No information is available on the effect of storage on the mineral content of
long-life milk.

7. Freezing point

Storage of long-life milk at temperatures of 5°C or 25°C did not affect the
freezing point. However, a significant density gradient was observed which
increased during storage. The gradient was more pronounced at 25°C than at 5°C.
This gradient was caused by creaming as well as by sedimentation of casein and
casein-fat complexes.

8. Sensory Characteristics

The subject of flavour is controversial since it is related to consumer acceptance,
and is thus very subjective. Consumer groups in different areas and countries react
surprisingly differently to certain flavour changes in milk.

Storing long-life milk with a fat content of 3.5% at 6°C or 20°C respectively
for up to 9 weeks, did not result in any difference in flavour recognised by a
consumer panel group (125). Expert panel evaluation may, and often does, give
an indication of the kind of flavour changes that have taken place in the prod-
uct (milk) studied. They do not usually provide a suitable means of relating
these changes to consumer acceptance.

The cooked flavour of long-life milk arises as a consequence of UHT
treatment. Free sulfhydryl groups (-SH), hydrogen sulphide (H,S) and carbon
disulphide (CS,) are the most important compounds responsible for the cooked
flavour. During storage, this cooked flavour diminishes in intensity (114), a
reaction which is accelerated by the presence of oxygen (115). An oxygen content
of ~2 to ~4 ppm appears to be optimal.

During the first 2 weeks the effect of storage temperature on the intensity of
the cooked flavour is negligible, but after 6 weeks of storage the milk stored at a
low temperature (4°C) is preferred (114).

The time required depends on the presence of oxygen. Due to the low dis-
solved oxygen content resulting from expansion cooling, this period is significantly
longer in directly heated milk. Cooked flavour is not always regarded as a defect,
particularly by consumer groups used to the consumption of boiled or retorted milk.

As judged by an expert grading panel, in a very general, simplified, and
schematic way, the flavour of long-life milk shows the following three develop-
ment stages (figure 3):

Scoring

Off-Flavour
UHT Flavour

Rancid
Bitter
Oxidised
Cardboard

Cooked Flavour Time
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Oxidative flavour changes occur only during storage (262). Milk protein and
lipids are both subject to oxidation. Oxidative flavour changes are dominated by
oxidation of the milk lipids. Head space (with air), dissolved oxygen in the milk,
and permeation through the package (container) may provide the oxygen neces-
sary for such reactions.

Two oxidative flavour changes occur in long-life milk (262), both of which
are accelerated by light. The “sunlight flavour” is caused by the oxidation of
methionine and tryptophan resulting in a “burnt protein” flavour. Light is
needed to start the process. “Oxidised” is a flavour defect caused by the oxidation
of lipids. The “oxidised” flavour also develops slowly without light. An oily,
cardboard-like flavour defect results which is attributed to the oxidation of
phospholipids present in the fat membranes. The development of detectable
flavour changes may take more than six months if the container provides
reasonable protection against the penetration of light and oxygen.

Depending on the quality of the untreated milk (intermediate product), long-
life milk may contain greater or lesser residual lipolytic and/or proteolytic activity
(presence of thermo-resistant enzymes) (191). Lipolytic activity leads to an
increase in free fatty acids resulting in a “rancid” flavour. An increase in the free
fatty acid content by 0.05% causes recognisable flavour changes.

Proteolytic enzymes attack the protein. The first change is the development of a
“bitter” flavour (267). Some destruction of heat-resistant enzymes has been observed
after UHT treatment: inactivation of heat-resistant proteases in normal long-life
milk averaged 87-90% (267), a value which appears to be rather high.

If long-life milk is stored for longer periods of time at high temperatures, the
Maillard reaction may start. The result is a change in colour (browning) and
flavour (poorly studied and identified).

The intensity of heating determines the sensory quality of long-life milk: the
more intense the heating, the more unfavourable the taste of freshly processed
long-life milk. The sensory quality following storage at ambient temperature is
better as the heat intensity is higher (190).

9. Vitamins

The fat-soluble vitamins A, D, and E appear to be stable during the storage of
long-life milk.

The situation is more complicated as far as the water-soluble vitamins are
concerned.

Up to ~15% loss of vitamin B, was registered during four weeks of storage at
ambient temperature. The same storage conditions led to a ~13% loss of
vitamin B,

Vitamin B, was stable during 180 days of storage at room temperature. The
vitamin B content is clearly affected by storage. The breakdown of vitamin B
appears to be independent of oxygen and storage temperature. Losses of up to
50% after three months, and 60% after six months have been reported.

Storage losses of vitamin B, seem to be limited to the first four to eight
weeks but may reach up to 60% after six months.

During storage, considerable losses of vitamin C are encountered. Decomposi-
tion of vitamin C seems to be directly related to the availability of oxygen
(219) (dissolved oxygen, head space and permeation of oxygen) and is fairly
independent of storage temperature (115). In pasteurised milk, the vitamin C
content dropped from ~20 mg/l to ~5 mg/l within 10 days of refrigerated storage,
a loss of about 75%. A comparison of pasteurised, directly and indirectly proc-
essed long-life milk is shown in figure 4 (219).

With low levels of oxygen, i.e., ~ 1 ppm or less, the ascorbic acid content
remains practically unchanged during 2-3 months at ambient temperature.

Oxidative Flavour
Changes

Thermo-Resistant
Enzymes

Fat Soluble Vitamins
Water Soluble Vitamins

Vitamins B,, B,,
B,,B,and B,,

Vitamin C
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Direct heating and expansion cooling result in a very low oxygen content, ~0.1
ppm. Barrier attributes of the packaging material are important to prevent passage
of O, into the product. In indirectly heated long-life milk (without deaeration),
the oxygen content depends on the temperature of the milk fed into the steriliser.
It is high (up to 6-9 ppm, the milk is usually saturated with oxygen), resulting in
the almost total decomposition of vitamin C within days of storage.

Ascorbic Acid mg/l

20 Mc UHT direct

*

* * Past.

UHT indirect

0 2 4 6 8 10

Days of Storage

Figure 4. The Loss of Vitamin C as Effected by Dissolved Oxygen

The relation between the availability of oxygen and the decomposition of
vitamin C has been demonstrated in an experiment (table 5). Sterile milk was
filled into bottles with and without head space, the original oxygen content in the
milk being <1 ppm (37):

No Head space Head space
Storage Time  Vitamin C Reducing Vitamin C Reducing
Days mg/l Compounds mg/l Compounds
mg/I mg/l
0 13 20 13 20
1 12 17 11 15
18 13 17 2 3
45 12 16 0 2
90 11 15 0 2
150 14 16 0 2

Table 5. The Effect of Oxygen (Head Space) on the Decomposition of Vitamin C

Losses of folic acid are very similar to those of vitamin C. They depend on the
presence of oxygen. At an oxygen concentration below 1 ppm, folic acid is rather
stable. In milk saturated with oxygen, i.e., containing about 6 to 8 ppm, an
almost complete loss of folic acid occurs within 2-3 weeks. Both biotin and
nicotinic acid are stable during storage.
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12. Quality Control

Summary

The goal of quality control is to ensure that the materials and products used in the
manufacturing process, and those released on to the market, are within given speci-
fications. Meaningful quality control work can only be done if quality specifications
are available. In practice, quality control establishes sampling points at which
material is extracted for analysis. Some of these sampling points are holding points:
passage beyond them requires authorisation. Often the analysis needs time for
completion: products have to be put on hold until further passage has been authorised.
The main limitations of quality control procedures are:

» some of the analytical procedures are quite expensive;
e time may be required to obtain analytical results;
» some sampling procedures are not very effective;

 the results are always “after the event”, i.e., quality control
is not preventive.

1. General

The quality of a product has been defined as its ability to fulfil consumer
expectations, needs and wants (184) and match the promises made by the
producer (185). The ISO 9000 standard defines quality as the “totality of charac-
teristics of an entity that bear on its ability to satisfy stated and implied needs”.
Quality of foods is the composite of those characteristics that differentiate the
individual units of a product, and have
significance in determining the degree Consumer
of acceptability of that unit by the buyer SHRECiatons *
(100). Another definition requires the
absence of pathogenic organisms and
toxic substances, a sensory factor which
is generally acceptable and a nutritional g::t"r‘gl
value which is real and meaningful

(33). However, it should be borne in
mind that consumers find it easier to
recognise poor quality than to tell what Quality
good quality is (184). G

The quality of any product is a
complex matter and many factors must
be taken into consideration (figure 1).

Definitions of quality control and quality assurance are not generally accepted.
The purpose of quality control is to ensure that raw materials and intermediate
and end products meet their respective specifications, whereas the aim of quality
assurance is to prevent the production of sub-standard products. To implement an
effective quality control programme, it is essential to specify standards of quality
and performance (142). A clear distinction should be made between the defini-
tion of a product and its quality specifications. Definitions are outlined in product
standards and legislation, and they provide basic requirements. A food product
which does not comply with its definition is simply not that product. Quality
specifications have to be more stringent and should be established individually
by each company. They are part of a company’s quality policy!

Quality
System

Definition of
Quality
Producers'
Promises
Quality
Assurance
1SO 9000

Other
Factors

Figure 1. Factors Having an Impact on the
Quality of a Product

Quality Control
Quality Assurance

Product Definition
Quality Specifications
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The main intention of a commercial producer is to avoid product spoilage. How-
ever, often government and international bodies require, for example, micro-
biological limits that are more restrictive than product spoilage. Examples are:

» IDF’s (International Dairy Federation) microbiological definition of long-life
milk: after a specified period of incubation, the total count is not to exceed
10 colonies/0.1 ml (140, 147). By definition, long-life milk with higher counts
is not long-life milk!

» The US FDA (Food and Drug Administration) requires that long-life products
are commercially sterile (21 CFR § 113).

Acceptance quality levels (AQLs) have to be established for all pertinent quality
parameters. For long-life products, a microbiological AQL should be stated as a
maximum or potential spoilage rate (142). It has been suggested (262) that the
specification of long-life milk should be based on a defect rate that does not interfere
with marketing. Such a specification would differ according to the company,
product and area in which the commodity is marketed.

In the present study, the task of quality control is limited to determining
whether or not a product (raw materials, intermediate and/or end products)
complies with its specifications. This is a passive role! Quality control is per-
formed by a limited number of people who have been specially trained for the
task. The quality control manager is responsible for product quality and/or for
ensuring that the product released on to the market complies with its (quality)
specifications. A quality control system works in a differentiated way. In a
production line, sampling points are established (figure 2) at various stages.
Material is extracted from the sampling points or containers are sampled for
analysis. Some of the sampling points may be “holding points”, i.e., further
passage of the product requires the authorisation of an appointed person.

Although intermediate products are also checked and analysed, quality
control typically concentrates on raw materials and on end-product control. In a
quality control system, “quality is achieved by control”, but quality (sterility)
cannot be tested “into” a product (200). At most, a sub-standard product can be
prevented from being released on to the market.

Whenever possible, quality diagrams or charts should be prepared (figure 3).
These charts should contain acceptance and “action” limits. They permit the
detection of development trends such as microbiological counts.

Result log count

Upper Acceptance Limit

“Action” Limit

Lower Acceptance Limit

Figure 3. Quality Diagram
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2. Raw Material Control

Raw materials are the ingredients used in the formulation of a product, as well as
all other materials needed for its production. Of course, a high-quality product
cannot be produced from poor raw materials, but poor quality products can be
made from high-quality raw materials.

Because of conflicting interests, one of the problems of quality control
systems is the lack of co-operation and communication between departments.
Raw materials are bought by the purchasing division. They are usually interested
in obtaining the least expensive materials available: specifications are often of
secondary interest!

The task of quality control is to ensure that the raw materials conform with
their respective quality specifications. To this end, specifications are first of all
needed! They should cover:

e physical; and
e chemical parameters; as well as
* microbiological aspects.

Quality specifications cannot be discussed generally, since they will vary in
accordance with the quality policy of the company concerned and will vary from
product to product. Though physical and chemical quality specifications are
usually available, microbiological specifications are often lacking, especially for
long-life products.

For long-life products, a microbiological AQL could be a maximum accept-
able defect rate larger than 0. Such an AQL has to be defined by the commercial
producer (189).

The objective of a heat-sterilisation process is to reduce the number of
surviving microorganisms to a low, acceptable number. A practical way of
expressing this is to give a relative number of non-sterile containers (200). It has
been suggested that three different situations be distinguished: the public health
aspect, and spoilage by mesophilic and thermophilic microorganisms. For these
categories, three different AQLSs have been proposed for the canning industry
(sterilisation process survivors) (201):

 safe from a public health point of view; preserved from spoilage by Clostrid-
ium botulinum - the probability of a viable Cl. botulinum spore surviving in a
container of food should be of the order of less than 107,

e preserved from spoilage by non-pathogenic microorganisms;

a) preserved from mesophilic, spore-forming organisms - the probability of
mesophilic organisms surviving the preservation process should be in the
order of less than 10°¢;

b) preserved from thermophilic, spore-forming organisms - the probability of a
thermophilic organism surviving the preservation process in food stored
below the growth range of thermophilic organisms should be equal to or less
than 10, If the canned food is stored at high temperatures, the probability
of a non-sterile unit should be less than 10°.

It has been suggested that the end point of a heat preservation process be ex-
pressed as a specification, which on a unit basis is the probability of producing a
non-sterile unit (142, 201). It has been stated that a failure rate of 1 in 10,000
containers produced is generally regarded as acceptable (177). This is a very
questionable statement since a company’s quality policy is involved! Maximum
acceptable defect rates could be anything from 1:100 to 1:100,000 or even less.

The defect rate in aseptic packaging should not exceed 0.1% (59). The level
of spoilage in canned foods is often quoted as one defect in 10,000. This tends
not to take into account flat-souring which may occur if the contaminating

Raw
Materials

Quality
Specifications

“Sterilisation” Becomes
Reduction in Numbers

Defect Rate in
Canning
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organisms do not produce gas. Taking this into consideration, the true figure is
probably nearer to one in 5,000 (142). This standard is not an unrealistic one
for aseptic products (142).

AQL’s must be taken seriously. They are part of a company’s quality policy. It
should be kept in mind that with a linear increase in the quality level of a product, the
costs of installation, raw materials, quality control and production increase
logarithmically. A suitable compromise must be established. Perhaps AQL’s
should be based on the reaction of the market rather than on quality control
procedures. Consumer complaints could be used.

AQL’s should not be confused with the goal of production. Though a zero
defect rate (in an unlimited volume of product) is not achievable, this never-
theless must be the goal of production.

Generally, raw material control can be performed
with two different goals in mind: improvement of
the general hygienic conditions of raw material
production, or the suitability of the raw materials for
the manufacture of specific products. Both, but
especially factors of processability, depend very much

pH on the product to be produced. For the production of

Dirt Particles long-life milk, some of these parameters are given in

Thermo-Resistant Enzymes table 1.

Etc. Of course, the total quality of the finished product

Table 1. Quality Parameters for Raw Milk

UHT Treatment of Milk =
~9 to 10 Decimal Reductions

Total Spore Count

Thermo-Resistant Spore Count

Bactofuge

74

is determined by both the general hygiene conditions

of raw material production and their processability.
2.1 Spore Count
As pointed out elsewhere, sterilisation processes such as UHT treatment are not
absolute. What a sterilisation process achieves is a certain number of decimal
(logarithmic) reductions in the spore count of the intermediate product. This
number is determined by the time-temperature combination used in UHT
treatment, the type and resistance of bacterial spores present, and the kind of
product. Since these factors will vary from case to case and time to time, the
result achieved by a UHT treatment will also change. Consequently, precise
statements as to the number of decimal reductions resulting from such a process
cannot be given. However, regarding the situation for milk, it is safe to base
calculations on 9 to 10 decimal reductions for the total spore count.

In determining spore counts, a distinction should be made between the total
and the thermo-resistant spore count. Thermo-resistant spores are more difficult
to kill and, consequently, a lower sterilising effect is obtained (if all other para-
meters are kept constant). Spore count limitations are of importance for the raw
materials (raw milk, milk powder, cacao powder, sugar, etc.,) but even more so
for the intermediate product(s). It has been suggested that payment of untreated
milk intended for the production of long-life milk should be based partly on its
spore count (220). A bactofuge (170), or other means such as filtration, can be
used in order to reduce the bacterial endospore count and thus improve the
quality of the raw milk intended for the production of long-life milk.

2.2 Protein Stability

Protein instability leads mainly to the formation of deposits in heat exchangers, thus
reducing the interval between cleaning, i.e., shortening the available production time.
A distinction should be made between two different types of deposit:



| NN T T o

» Deposit A consists predominantly of protein but also contains fat, minerals
and lactose. This deposit is formed on heat exchange surfaces in the tempera-
ture range of ~80°C to ~110°C with a maximum between ~95-100°C;

» Deposit B contains mostly minerals but also small amounts of fat, protein and
lactose. This deposit starts to form at a temperature of ~90°C and increases
roughly linearly with increasing temperature.

Protein instability results principally in the formation of deposit A. For cow’s
milk, the simplest method to determine protein stability is the alcohol stability
test. In this method, alcohol stability (alcohol number) is expressed by the
highest concentration of ethanol mixed with an equal volume of milk that does
not give a precipitate. IDF recommends a minimum alcohol number of 72
whereas Tetra Pak suggests 74.

Protein stability also affects product changes during storage, such as sedi-
mentation, flocculation, etc.

More accurate than the alcohol stability test is testing for heat stability. A rare
fault in the salt balance of milk will give an acceptable alcohol number in spite of
low protein stability. In a heat stability test, the milk is heated to ~130-140°C for
some minutes and checked for precipitate formation.

The test requires special flasks and safety measures. A heat stability of more
than 9 minutes at 140°C is suggested for milk intended for UHT processing (273).

2.3 pH

The pH relates to sedimentation during storage. Even a small deviation from
the normal pH increases precipitate of a protein/fat mixture. A “sandy” flavour
defect results. It has been suggested that the drop in pH in the raw milk should
not exceed ~0.02 units.

2.4 Dirt Particles.

Dirt particles are difficult to sterilise (heat penetration). Usually they are re-
moved during pre-processing either by filtration or by separation (clarification).

2.5 Thermo-Resistant Enzymes

In untreated milk and/or the intermediate product, different amounts of thermo-
resistant proteases and lipases may be present. A number of bacteria (mainly
Pseudomonas and Bacillus but also others) produce them. Longer periods of cold
storage at the farm and dairy increase the risk of unacceptable levels of these
enzymes forming. Lipases split fat. The resulting increase in free fatty acids
causes rancidity. A bitter flavour and eventually sterile gelation is the con-
sequence of proteolytic activity. Cold storage periods should be kept short and
temperatures should be as low as possible. If longer cold storage is unavoidable,
and if legislation permits, intermediate thermisation or pasteurisation should be
considered. This will not affect the content of thermo-resistant enzymes as such
but will reduce the number of bacteria (mainly Pseudomonas) capable of producing
such enzymes. Total psychrotrophic counts of up to 10%/ml have been found after
only 2 to 3 days of cold storage (183).

3. Intermediate Product Control

Intermediate products are the products fed into the UHT steriliser. It is the
intermediate product which is processed and not the raw materials! During pre-
processing, such as storage, separation, etc., the quality parameters of importance
may be, and often are, negatively affected. Consequently, checking important
quality parameters at this stage is even more important than control of the raw
materials (ingredients).

Protein Stability
Alcohol Test

Heat Stability
Test

Thermo-Resistant
Proteases and Lipases
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Quality limits for raw materials have already been presented above. The same
limits apply to the intermediate product(s). One of the most important quality
degradations which might take place during pre-processing relates to an increase
in the bacterial endospore count.

Since the microbiological result obtained from a given UHT treatment is
determined by the spore count in the intermediate product, a quality specification
should be defined. This quality specification depends on the AQL. Assuming a
sterilising effect of 10 and packages containing 1 litre of product, varying maxi-
mum acceptable total spore counts result for different AQL’s (table 2).

It has been stated that a failure rate of
1 in 10,000 is a generally acceptable level ~ aqL Total Spore Count
for long-life milk (177). This statement

is questionable! A clear distinction IS0 102200
hould be made between the AQL and the 1 000 (Rl
should be ma e. eweefl e AQ al? e 1:10,000 1.000/ml
goal of production. “It is better to aim at 1:100.000 100/ml
perfection and miss than to try for some-
thing less and succeed” (269). Table 2. AQLs and Acceptable Spore
Counts

4. End-Product Control

4.1 General
A quality control system concentrates on controlling the end product. This
implies ensuring that a product released on to the market will meet its microbio-
logical quality specifications. As tools of end-product control, three different
activities can and should be considered (figure 4).

End-product control has three main Incubated
Packs

limitations and shortcomings:

it is always “after the event” and,
consequently, the procedure cannot i Storags
be preventive; Product Control

e itis expensive, particularly if destructive

test methods are applied,; Complaints
. . Handling
« the results are often not very informative.

From a microbiological point of view, a
certain defect rate is unavoidable but
should not exceed a specified unsterility level in a released production run. In
Germany, the technically unavoidable defect rate has been stated to be at least
0.1% (268)! A defect rate of 0.1% has been regarded as acceptable (201). These
defect rates are rather too high! The number of defects in a production run of UHT
milk should and can be less than 0.1%, and preferably less then 0.01% (86).

In any event, an AQL must be decided upon which, in turn, has to be checked
by quality control. In quality control procedures, samples are taken and analysed.
Based on the results obtained, the production run is either released on to the
market or retained in part or in total for further analysis. How effective is such a
procedure?

Whenever sampling procedures are used, statistics are also applied. Con-
sequently, the results obtained can only be expressed in terms of probabilities.
Obviously, the purpose of end-product sampling is to assess the quality of the pro-
duction run from which the sample has been drawn and not the quality of the sample
as such, which can be stated in absolute terms. Figure 5 illustrates the situation.

Figure 4. Tools of End-Product Control
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Figure 5. Sampling Procedures

4.2 Sampling Statistics
When developing a sampling scheme for microbiological quality control or
performance testing, the following questions require an answer:

1) how many samples are to be taken;
2) how to sample;
3) how to incubate; and

4) how to evaluate.

4.2.1 How Many Samples?

When developing a sampling plan, a distinction needs to be made between the
producer’s risk (a sub-standard production run is released), and the buyer’s risk
(claims are made wrongly when the product is good) (265). The “Military
Standard” which is used by some producers of long-life products deals with the
buyer’s risk. It is questionable whether this is the correct approach. In the
following, sampling plans are discussed on the basis of the producer’s risk.

In order to be able to decide on the number of units to be sampled, the
statistical situation must be clarified. A distinction has to be made about whether
the characteristic to be tested is a variable or an attribute. Fortunately, this
distinction is rather easy: looking at a variable, one always obtains a set of
figures which may have a given value within a certain range. An attribute is
characterised by a “yes” or “no” reply: the characteristic under study is present
or absent. Obviously, a package is either commercially sterile or not: a typical
attribute situation.

Testing for commercial sterility is checking an attribute

In attribute situations, the conclusions which can be drawn from a sample depend
upon the sample size only and not on the amount of product from which the
sample is drawn. This can be shown by
a simple example (figure 6). Consider
two containers one of which is filled
with 1,000, the other with 100,000 balls.
The first contains 900 white and 100
black balls, the other contains 90,000
white and 10,000 black balls. After
careful mixing, 50 balls are randomly
“sampled” from each of the two con-
tainers. The probability of finding a
certain number of black balls in each of
the two samples is exactly the same. The
probability depends on the ratio of black to white balls and not on the number of
balls in the container.

In addition, unsterility is a rare event, at least as long as the unsterility rate is
not above 10%, a level which can, but very rarely, occurs. Even if a defect exists
in a production line, unsterility rates are usually low (262). Checking for
unsterility is verifying a rare event.

Figure 6. Sample Size is of Importance

Military Standard =
Buyer’s Risk!

Variable or
Attribute?

Only the Sample Size
is of Importance!
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An attribute and a rare event are covered by Poisson distribution
Nevertheless, sampling plans have been recommended that are based on the
magnitude of production. This could be justified if a higher degree of safety is
desired for larger production runs since these represent a larger value. The low
level of defects in a normal production run and/or the low AQL necessitate large
numbers of packages being taken in order to achieve statistical significance (86).

When a new production line is taken into commercial production, the operative
staff lack experience. As production proceeds, operative knowledge is accumu-
lated and used to improve the safety of production. Consequently, a higher risk of
failure exists immediately after the commencement of commercial production.
This is often met by tighter sampling procedures. An example of such a start-up
plan is given in table 3 (101). The reduced risk under normal production condi-
tions is accounted for by a reduction in the sample size (table 4) (101).

Size Number Accepted Rejected Size Number Accepted Rejected
of Production of Samples of Production of Samples
1,301- 3,200 150 0 1 1,301- 3,200 30 0 1
3,201- 8,000 225 1 2 3,201- 8,000 45 0 1
8,001- 22,000 300 1 2 8,001- 22,000 60 1 2
22,001-110,000 450 2 3 22,001-110,000 90 2 8

Table 3. Recommended Sampling During Start-Up of Production

Sample Accepted Detection

Size Defects Level %
150 0 <15
225 1 1.0
300 1 0.8
450 2 0.9
30 0 <77
45 0 < 56
60 1 38
90 2 66

Table 5. Detection Levels (90% Probability)
of the Sampling Plans Shown in Tables 3
and 4

Developing a
Sampling Plan

It Is Not Important What You Do,
But It Is Very Important That You
Know What You Are Doing!

Checking the Producer’s
Risk is Prohibitive!
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Table 4. Recommended Sampling During Normal Production

The above example is very debatable! First of all, because of the rather limited
number of samples tested the detection level is very low. Based on Poisson
distribution and a 90% probability level, table 5 gives the corresponding detection
levels.

Secondly, and even more important, whenever a defective (unsterile) unit is
found in a sample of rather limited size, it should be regarded as a serious
indication of a potential problem. Defective units should never be accepted
without further investigation!

In Germany, sampling varied mainly between 0.03% and 0.3% of the pro-
duction run. Only part of the sampled packages were analysed for defects (261).

In order to be able to develop a sampling plan, two factors must be known:
the level of defects to be checked for and the desired probability or risk (risk =
100 - probability in per cent). Probability is an expression of the likelihood that
the conclusion drawn is correct, whereas the risk states the opposite (the likeli-
hood that the conclusion is wrong). In statistics, probability levels of 90%, 95%,
99%, and 99.9% (10%, 5%, 1%, and 0.1% risk) are common. Probability levels
below 90% (risk above 10%) should not be used: it is not important what you do
but it is very important that you know what you are doing! Assuming the follow-
ing parameters:

e an AQL of 1:10,000; and
* a90% probability level,

23,000 packages are needed (146) as found in the Poisson distribution
(n=2.3+100/0.01) (see page 55 for the Poisson diagram). After proper incuba-
tion and evaluation of the sample, the production run is accepted if not more than
one defective unit is found. The number of packages needed is prohibitive! Based
on the buyer’s risk, a different figure results. A defect rate of 0.1% can be
checked by sampling 300 units (packages). After incubation, the batch is ac-
cepted if not more than one unsterile package is detected (265).
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A commercial producer samples 100 packages from a production run. After
incubation and evaluation, all the packages are judged to be sterile. The
production run is released on to the market. What conclusions can really be
drawn from this result? Again, the Poisson distribution diagram needs to be Conclusions Which Can Be
consulted. With 90% probability, the defect rate of the production run is less than 2L 0 21 S ) [ B
2.3% (there is a 10% risk that the defect rate is 2.3% or even higher; defect rate =
x ¢ 100/n = 2.3 « 100/100).
Obviously, within an acceptable economic framework, incubated package
control cannot be used to check for compliance with any reasonable AQL, i.e.,
any AQL above one defect in 100. For there to be any quality control work at all,
two specifications are needed:

a) the AQL, which can be anything from 1:1,000 to 1:100,000; and Quality Specification

b) arelease specification which is based on the economically acceptable sam- Release Specification
pling rate and which usually will be around 2% or more.

These circumstances will become better if one looks at sampling plans on a con-
tinuous basis (197). A commercial processor continuously samples a certain
number of packages from each successive production run. The aim of such a
sampling procedure is to:

a) enable a release decision for a specific batch to be made (this situation has
been discussed above);

b) detect changes in the defect rate; or

¢) collect data over a longer period of time and, through its accumulation, gain
information on average performance.

A producer examines 100 packages every day (table 6). If any defects are found, Continuous
there will be an alarm. How long will it take to detect a change in the defect rate? Sampling
How often will there be an alarm and how often will the alarm be a false one?

Actually, the results are surprisingly good.

Defect Rate Signal Frequency
0.01% 100.0 days between alarms on average; varying between 6 and 300 days
0.05% 20.5 days between alarms on average; varying between 2 and 60 days
0.10% 10.5 days between alarms on average; varying between 1 and 23 days
0.20% 5.5 days between alarms on average; varying between 1 and 12 days
0.50% 2.5 days between alarms on average; varying between 1 and 4 days
1.00% 1.6 days between alarms on average; varying between 1 and 3 days

Table 6. Effectiveness of a Continuous Sampling Procedure

The following conclusions can be drawn from table 6 (197). Assuming
different but constant defect rates in each successive production run, the
following results can be noted:

a) moderately poor production runs will take some time to be detected;
b) temporarily poor production runs will often not be detected at all;
c) really bad production runs will be detected after one or a few days; but

d) even in good production runs, an alarm will appear every now and then. This
should be taken as a signal: re-sample when a defect is found!

4.2.2 How to Sample?

Sampling can be done in two basically different ways:
1. random sampling; and Random Sampling or

2. aimed sampling. Aimed Sampling?
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4.2.3 Random Sampling

In random sampling schemes, every package should have the same chance of
being included in the sample. The pre-condition for random sampling schemes is
uniform conditions of production. However, in practice the production of long-life
products is often characterised by an uneven distribution of defective units caused
by the large number of possibilities that exist for reinfection (262).

Random sampling plans are usually time-based (86, 261). For practical
reasons, a certain number (usually 1 or 2) of packages are drawn at regular
intervals. Although this is not a true random sampling procedure, it is close
enough.

Even though limited numbers of packages are included in every individual
sample from which only restricted conclusions can be drawn, accumulation of the
results obtained from random sampling will give the average unsterility rate of a
production line and will eventually show if the production line (on average) fulfils
the requirements of the AQL (86).

The results gathered from random sampling are used as a basis for product
release: a typical tool of quality control. The entire production run has to be kept
on hold until the results from incubation are available (86). The results from
random sampling can be arranged according to filling machine so as to test
relative performance, machine operators, shifts, etc. In this way, useful informa-
tion for quality improvement can be gathered at low cost.

4.2.4 Aimed Sampling

Aimed sampling focuses on areas of increased microbiological risk. These
situations arise whenever production conditions are changed. In a production line
for long-life products, areas or functions at risk are:

 starting production (142, 261);
« changing packaging material (reels) (261);
« changing the longitudinal strip;

« changing the intermediate product (raw material batch,

new mix of product) (261), etc.;
» if applicable, changing from steriliser to sterile tank;
» changing back from tank to steriliser;
» end of production (261), etc.
Areas of increased risk have to be identified separately for each production line.
Since aimed sampling concentrates on functions that have a greater chance of
containing defects, the results obtained will show a higher defect rate than the
one obtained by random sampling.

The goal of aimed sampling is to quantify the contribution of certain risk
areas to the total defect rate. Direct actions for improvement become possible:
one of the tools of process control (261) and quality assurance. It is essential that
the results obtained from both these procedures (random and aimed sampling) are
kept strictly separate. Accumulation of both is recommended. For aimed sampling,
a programme should be devised based on the purpose of the procedure.

4.3 How to Incubate?

Prior to microbiological evaluation, the packages included in the sample must be
incubated. For this reason, the

1) incubation temperature; and
2) incubation time,

have to be decided on.



4.3.1 Incubation Temperature

The choice of incubation temperature introduces a factor of selectivity. Ideal would
be an “incubation” at ambient temperature during the entire intended shelf life of
the product. The best incubation temperature is the optimum temperature (fastest
growth) of the spoilage flora. The optimal temperature has to be known. This

. . . . . . . Incubation Temperature:
requires knowing which microorganisms are present in the product. If this is P

A Guess!
known, incubation is not necessary at all. The choice of an incubation temperature

becomes a guess.

Microorganisms can be divided according to their growth temperature
characteristics. Psychrophilic bacteria grow at low temperatures and have a
growth optimum at <20°C, mesophilic organisms grow most rapidly at 30-37°C,
while thermophilic microorganisms develop most quickly at temperatures >40°C.
Mesophilic psychrotrophic organisms have a growth optimum at 30-37°C, but
will also, though more slowly, develop at low temperatures. The temperature
range to be considered is very wide: from <20°C to >40°C. A curve visualising
the relation between temperature and multiplication of bacteria (figure 7) shows
the following:

Psychrophilic Mesophilic
Thermophilic Microorganisms

Log Growth

Temperature
Minimum Optimum Maximum

Figure 7. Typical Growth Curve

At a certain minimum temperature, growth will start. As the temperature rises, Growth Curve of
the speed of growth increases slowly until the optimum temperature is reached. Microorganisms
The maximum temperature of growth is usually relatively close to the optimum:
the incubation temperature should not be too high. The most common and frequent
spoilage organisms in long-life milk belong to the mesophilic group. Consequently,
an incubation temperature in that range should be chosen. Typically, a tempera-
ture of 30-35°C is optimal.

An incubation temperature of 37°C is often used (261). Because of the rapid Bo e
decline of growth above the optimum temperature, caution is recommended Temperature
for higher temperatures of incubation. Attention should be paid to the ambi-
ent temperature prevailing. In tropical areas, higher incubation temperatures
should be considered.

Since some psychrotrophic organisms will not grow at 30°C, an incubation
temperature of 27°C has been recommended (159).

A relatively high percentage of defects was detected after incubation at 30°C
(72%). 32% of the spoiled samples showed thermophilic growth only (177). In
addition, most of the obligate thermophiles causing spoilage at 55°C will remain
dormant under normal storage conditions of long-life milk: the climatic
conditions during storage and distribution must be considered. Because of the
statistics involved, only one incubation temperature, for instance 35°C, is
recommended (177, 261). Thermophilic microorganisms in general and Bacillus
stearothermophilus spores in particular may survive sterilisation processes and
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Thermophilic cause product spoilage if the packages are stored at high temperatures. An
Microorganisms incubation temperature of 50-55°C is suitable and should be considered for the
detection of such bacteria (159). Thermophilic spores may be found in the product
surviving from the UHT treatment and/or the plant sterilisation process. To ensure
that the number of survivors from the UHT process is at an acceptable level, it would be
more efficient to check the intermediate product (raw materials) than to perform an
end-product control. Plant sterilisation survivors are usually caused by insufficient

cleaning. Aimed sampling at the start of the filling operation is often appropriate.

4.3.2 Incubation Time

In a quality control system, the results from the incubated package control is
used as one of the parameters on which the release decision is based: the
production run has to be kept in storage until the results are available. Conse-
quently, the cost factor needs to be considered.

% Unsterile Packages Detected — = % Unsterile Packages Detected
100

— — == = Cost

Figure 8. Relation between Accuracy
(Time) and Cost of Evaluation

Days of Incubation

Assuming the same product and package volume, the cost of storage increases
linearly with time. The detection level of possible defects follows a different
pattern. After three days incubation, about 50% of the total number of
unsterile packages in the sample can be detected. This value increases to about
75% after five days, and to 80-85% after seven days. Thereafter, further
increases in the detection level are very slow and 100% is never reached because
the choice of incubation temperature is a factor of selectivity. With this back-
ground in hand an incubation time of five to seven days appears to be the best
compromise between cost and safety.

In addition, prolonged incubation times may lead to a delay in the detection

Incubation Time of a possible problem with all the consequences that this can mean. With this in
A Compromise! . . L

mind, an incubation time of three days has been recommended as the shortest
acceptable alternative (159). A further possibility is to incubate a limited number
of additional samples for two days and evaluate by plating. If heavy reinfection
has taken place, the incubation period is regarded as permitting sufficient multi-
plication to enable detection of spoilage organisms in a volume of 0.1 ml (159).

For low defect rates, particularly if caused by spore formers, an incubation
time of five days is regarded as optimal (262). Using test tubes filled with long-
life milk, inoculation tests with inactive (dormant?) Bacillus spores showed that
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an incubation time of seven to nine days at 30°C was needed for an optimal
recovery, with the streak method used for evaluation. (164). At longer incubation
times, microorganisms may die off again. Checking different incubation times
and using organoleptic evaluation, the following results were obtained in South

Africa (table 7) (177).
Incubation at 30°C at 30°C
Period Number %

(Days) Positive Positive

0 0 0

3 6 17.6

6 14 41.2

7 23 67.6

14 34 100.0

at 55°C at 55°C

Number %
Positive Positive
0 0
2 71
9 32.1
28 100.0

Table 7. The Effect of Incubation Time and Temperature on the Detection of Defects

The official sampling plan and exami-
nation procedures for long-life milk in
France are as follows (figure 8) (86).
One per cent of the packages produced
in a production run are sampled for
incubation at 30°C for 7 days. The
remainder of the run is stored and
examined daily for blown packages.
After the incubation period is over, 1/4
of the sampled units (0.25% of the total
production run) are opened and exam-
ined for microbial multiplication. If no
defects are found, the rest of the incu-
bated sample (0.75% of the production
run) is released together with the rest of
the run. If defects are detected, the 0.75%
incubated packages are opened and
checked for sterility. Again, if no further
defects are found, the production run is
released. Detection of additional
unsterile units leads to further trouble-
shooting measures.

4.4 How to Evaluate?

As an indication of the bacteriological
quality of long-life milk, the number of

99% at Ambient

"Good Section"

samples tested is of greater importance than the test procedure used for evalua-
tion (262). Different methods are available for checking the commercial sterility
of incubated packages. Such methods are usually destructive since the packages
have to be opened. The most commonly used of these destructive test methods

are:

e pH measurement (262);

» determination of oxygen tension (163);

e flavour, smell (sensory) of the product (261);

 titrable acidity (177);

* microbiological testing, etc.

Of all the tests recommended by IDF Standard 48:1969, the titrable acidity test
was shown to be the most suitable for detecting spoilage of long-life milk after
incubation at 30°C for three or five days respectively (table 8) (177).

o

Production

1% Sampled
7 Days, 30°C

0.25%
Examination

0.75% Unopened

0.75%
Examination

Elimination
of Defects

Figure 9. Sampling Plan Required in
France

Some Methods of
Evaluation
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Impedance Measurement
Versus pH Determination

Methods of Evaluation
ATP, pH, Plating

Incubation,
30°C

1 day

2 days
3 days
9 days

ATP = Adenosin-Tri-Phosphate

ATP

16/44
31/44
33/44
38/44

s H N 5 HEEN

The results shown in table 8 should be treated with caution. Generally, micro-
biological methods of evaluation are the most sensitive ones. They are also the
most expensive. Three days of incubation is often too short a period for attaining
a 100% detection level.

Test Method 3 Days, 3 Days, 5 Days, 5 Days,
Number % Number %
Acidity 11 100 26 100
Alc.Stability (68%) 7 64 15 60
Organoleptic Test 6 54 14 56
Col. Count 100 /ml 7 64 15 60
Col. Count 10/ml 7 64 15 60
Dil.Count 100 /ml 6 54 14 56
Dil.Count 10/ml 6 54 14 56

Alc. = Alcohol, Col. = Colony, Dil. = Dilution

Table 8. Detection of Unsterility by Different Test Methods and after Different Periods of
Incubation

Using impedance measurement (Bactometer®) and pH determination of in-
oculated long-life milk incubated for 48 hours, the following results were
obtained (table 9) (137).

Test pH Impedance
Bacterium Decrease Detection Time
Bacillus cereus 1.04 0.70 hours
Bacillus polymyxa 0.61 0.80 hours
Lactobacillus 0.21 6.15 hours
Micrococcus 0.01 -
Escherichia coli 1.01 1.01 hours
Citrobacter 1.02 2.15 hours

Table 9. Comparison of Evaluation by pH and Impedance

The Bactometer® measures the change in a substrate caused by metabolites due
to microbial growth: the impedance of the medium changes. Table 9 shows that
development of Micrococcus remains undetected by pH measurement as well as
by impedance determination. Growth of all other test organisms could be detected
by both procedures. Testing a number of different bacterial strains, a count of at
least 10?/ml milk was necessary for detection (245). A count of 10°/ ml was
required for detection of Pseudomonas putida and Streptococcus faecalis while
Bacillus cereus was already detected at a count of 10'/ml. Consequently, since it
is unlikely that the original infection is already at such detection levels, samples
with low counts (such as long-life milk) have to be incubated before the
Bactometer® can be used (245).

Determination of bacterial ATP is suggested as a suitable method for the
detection of unsterile packages (table 10) (264).
Because of the reagents needed, the method is quite expensive.

pH Bacterial Incubation, ATP pH Bacterial
Count 30°C Count
5/44 19/44 1 day 1/47 0/47 10/47
25/44 35/44 2 days 27147 2/47 33/47
31/44 37/44 3 days 47147 2/47 47/47

37/44 38/44
Table 11. Detection of Surviving Spore-Formers in UHT Milk

Table 10. Detection of Reinfection in UHT Milk
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One non-destructive procedure is used to some extent: the Electester (189). The Non-Destructive
packages do not need to be opened. Changes in consistency are measured by Testing
checking the oscillation curve of a test package and comparing it with the one
obtained from sterile units. The equipment is rather expensive but can be used in
quality control work (evaluation of incubated packages) as well as for checking
and separating non-sterile packages from a bad production run.
Which method or combination of methods should be used? Attention should
be paid to accuracy and cost. The cost of incubated package evaluation can be
expressed by a simple equation:

a=nb +nc

where a is the total cost of analysis, #n the number of samples tested, b the cost of

product losses (including packaging material), and ¢ the cost of the analytic

procedure used. Usually, the more accurate a method of evaluation, the more

expensive it is. Microbiological test methods (streak or plating) are the most Which Method of Evaluation

exact but also the most costly. Should Be Used?
Frequently, a combination of pH determination and sensory (appearance,

taste and smell) evaluation is used. Sound products should give readings of no .

. . Accuracy of Evaluation
more than 0.2 pH units below the normal (142). Evaluation procedures should be Versus Probability of
simple and inexpensive, such as the determination of pH and sensory assessment. Presence in the Sample
On the other hand, the accuracy of evaluation also needs to be considered, but
exactness should be sacrificed in order to be able to increase the sample size and
thus the probability of including a non-sterile unit in the sample. It does not
make much sense to use very exact methods of evaluation in order to detect a
defective container which, in all likelihood, will not be included in the specimen.

Any defective unit found should be subjected to microbiological analysis (see the
section on “Troubleshooting”) (159).

End-product sampling procedures are expensive, particularly if the testing
procedures are destructive. Neither are they effective, particularly if the characteristic
to be tested is an attribute (133, 262). Since laboratory microbiological
procedures involve destructive testing, it is evident that these cannot by their very
nature be adequate to give a true statistical assessment of the short-term spoilage
pattern (142). Through accumulation, the results can be used to establish average
performance values, which may provide indications of long-term trends (142).

5. Storage Control and Handling Complaints

5.1 Storage Control

In storage control procedures, figures
obtained from the storage area are used
as a measure of product quality. Such
systems can be of greater or lesser
sophistication.

% Storage Waste

Action Level

5.1.1 Storage Waste

The easiest and least expensive way to

apply storage control is by using Quality Goal
storage waste to determine the differ-
ence in numbers of packages entering
and leaving the storage area. Such
figures are often available but are rarely
used for quality control purposes.

Unavoi

Consecutive Production Runs

Figure 10. Storage Waste Diagram
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Causes of
Storage Waste

Storage Control System:
Steps Involved

Only Gas Formation
Can be Detected!

86

s H N 5 HEEN

Depending on the conditions prevailing, a certain loss of packages is unavoidable.
When introducing a quality control system, quality charts should be prepared
(figure 10).

A quality level should be set up as a goal. In addition, a limit of what is accept-
able should be established. Whenever this limit is reached or a clear rising trend
in product waste is recognised, action (troubleshooting) must be taken. Of course,
waste figures as such do not indicate the reason for product losses. These may be
caused by such factors as:

a) microbiological spoilage (blown packages);
b) careless driving with fork-lifts, etc.;

¢) poor quality of pallets used for storage;

d) poor stacking of packages;

e) theft of product, etc.

If the storage waste exceeds the acceptable level, the reason for the loss has to be
identified and proper measures taken in order to restore normal conditions.

5.1.2 Storage Control System

A storage control system is more demanding but also considerably detailed, and
it enables valuable information to be gathered. Basically, a storage control
system consists of three steps:

1) selection of defects;
2) classification of the defects selected; and

3) registration and documentation of the results obtained.

5.1.3 Selection of Defects
Only those defective units can be selected from the storage area which are
detectable by observation. Discovery is determined by the:

a) type of spoilage (gas formation, blown packages);
b) outer wrapping used;

c) size of pallets;

d) layout of the storage area; and

e) procedures used during delivery of the product.

The best solution with regard to storage control would be to store each package
individually. However, a factory does not produce goods for the purpose of storage
control, and some sort of compromise has to be reached. Since factors affecting
detection will vary from case to case, an optimal compromise must be worked
out individually for each production plant.

As far as microbiological spoilage is concerned, gas formation is required for
detection. Unusually high-acid products show a high percentage of blown
packages: storage control systems become very effective. Gas formation is less
frequent in low-acid products but nevertheless a sizeable percentage of unsterility
is combined with gas formation.

5.1.4 Classification

The classification of defects is the most difficult task of the entire storage control
system. Its aim is to determine the most probable reason behind the fault.
Classification is teamwork. By inspecting the blown packages, possible defects can
be detected. Basically, packages may be classified into different groups.
Damage caused by:
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a) operation of the aseptic packaging machine;

b) maintenance of the equipment;

¢) faulty packaging material;

d) internal transportation;

e) outer-wrapping equipment;

f) handling during storage.

The above points relate to defects caused by the packaging machine and/or the
packaging material. However, outer areas may be the cause of unsterility. In such

cases, it is not possible to identify a package defect. The event should be re-
corded by:

g) no package defect detectable.

Depending on experience and knowledge of the classification group, the above
areas should be split into sub-groups.

5.1.5 Registration and Documentation

The defect rate is very low during normal production conditions. Results obtained

from a single production run are usually insufficient to permit or justify any

measures to be taken for improvement. For this reason, accumulation becomes

necessary. A suitable recording system has to be established. The purpose of such a

registration system is to achieve improvement in production results by:

a) providing feedback for the production department;

b) visualising performance levels and trends in the form of charts; and

c) establishing an information system for senior management by means of
suitable summaries (monthly).

The organisation of a storage control system should be as straightforward as

possible. The different departments involved must have clearly stated rights and

responsibilities.

5.2 Handling Complaints

One of the measures of consumer acceptance and satisfaction with a product is
consumer complaints. However, if a producer is to benefit from consumer
complaints, he cannot ignore them. Systems for handling consumer complaints
must be established to (133):

a) receive, read and respond to individual consumer complaints;
b) resolve complaints quickly and satisfactorily;
¢) record, tabulate and evaluate the complaints on a time basis;

d) recognise serious complaints, “red flag” rapid trends, and initiate appropriate
actions;

e) feed evaluations, rates and trends back to the QA/QC department, and to the
manufacturing, marketing and management departments so that appropriate
remedial action can be promptly initiated and carried out.

6. Hygiene Control

6.1 Control of Cleaning Efficiency
Microbiological methods are generally not informative, taking into account that
the number of microorganisms on surfaces available for testing is very low.

Quality Improvement
Requires Documentation
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Analysis of the rinse water after a CIP programme is sometimes recommended,
but it is necessary to use a filter method and analyse rather large volumes.

Unfortunately, the results cannot be used for locating where in a cleaning
circuit a problem is present. Consequently, in case of failure, the control and
dismantlement of components in the circuit will become necessary.

Generally speaking, it is better to control the important parameters for the
results of the cleaning operation. As with all chemical processes, these param-
eters are:

Test Methods for
Controlling Cleaning

Control the Process a) the chemical;

Rather Than The Results! b) the concentration of the chemical;
c) the contact between the chemical and the object being cleaned;
d) the contact time; and
e) the temperature during contact.

In manual cleaning operations, the only recommendation that can be given is to
provide good cleaning instructions, adequate tools and competent supervision.
Both in CIP and manual cleaning, the best information on the result achieved is

Inspection obtained by visual inspection. Good torch light is an inexpensive and very helpful
tool, especially for the control of cleaning efficiency in tanks. Pumps and valves
should be dismantled and inspected at regular intervals. If visually recognisable
residues are present, they provide proof that cleaning is less than satisfactory.
Even if it is possible to sterilise a soiled surface, it will become more and more
difficult as time passes by because of the constantly increasing amounts of dirt.
Eventually, unsterility may result as a consequence of insufficient cleaning and
plant sterilisation.

6.2 Control of Airborne Contamination

Different types of air samplers are available on the market. For screening the @
microbial load in the air, it is often sufficient to use fallout plates. Petri-dishes

using the medium preferred, usually a substrate for obtaining a total count or fungi,

are exposed for a set time at points where the sedimentation of dust and aerosol is

regarded as a potential risk.

Often in food processing areas, an exposure time of 15 minutes is sufficient.
After exposure, the plates are closed and incubated at a suitable temperature. The
number of colonies is counted. Depending on the AQL, a fallout of 50 CFU/15
minutes might be acceptable. In high-acid food production areas, the fallout
count of fungi should not exceed 15 CFU/15 minutes.

Microbial Load in Air:
Methods

6.3 Personal Hygiene

The control of personal hygiene is usually restricted to the hands and fingers.
The simplest method is to prepare plates, as described for the control of air. The
personnel to be tested are “finger-printed” on the substrate surface of the plates.
After incubation, the number of colonies should be low; only a few per finger if
the right disinfectant has been used in the correct way. High counts should
trigger off an education programme and/or a change in disinfectant.

Quality does not have to be as good as possible,

but as good as is necessary!
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13. Quality Assurance (QA) and HACCP

Summary

The primary task of quality assurance is to prevent any deviation from given
quality specifications; secondary quality specifications should be tightened. In
quality assurance activities, everybody working in and for a plant should be
involved. Senior management has to accept overall responsibility for the quality
of all the products produced: a precondition for the proper functioning of
quality assurance. The workforce needs to be trained. Programmes should be
planned well in advance and executed accordingly. Motivation of the staff is an
essential part of any quality assurance system.

One of the principles of quality assurance is process control. Good Manu-
facturing Practices (GMPs) should be put down in writing. The introduction of
the Hazard Analysis Critical Control Point (HACCP) concept should be consid-
ered since this is the most effective tool for quality assurance available today.

1. General

The production of long-life products involves high risk and potential failure. It
demands a highly efficient performance at each stage of “unit operation”. The
physical and chemical parameters of all the pre-process stages, sterilisation
procedures, packaging processes, and possibilities of reinfection must be care-
fully checked and recorded under the supervision of skilled control staff (86).
Operational procedures must be documented and skilfully supervised. Control of
production is much more effective and important than end-product control
(262). Suitable means of assuring the production of safe and wholesome products
of adequate quality should be introduced into every operation.

This is the task of quality assurance which should be designed to prevent the
production of sub-standard products (133). Whenever possible, quality specifications
should be tightened — an additional task for quality assurance.

According to the ISO 9000 standard, quality improvement work should be a con-
tinuous process and should consist of three stages that repeat themselves (figure 1):

Where Do We How Do We Get
Where Are We? Want To Be? There?

g

Figure 1. Quality Improvement Loop

The first step is an analysis of the present situation, followed by a clear and
precise definition of a realistic goal, both with regard to its achievement and a
time frame for achieving it. The third step is a description of the means necessary
to accomplish the goal.

Quality assurance also results in a level of confidence which the producer or
manufacturer has in the quality of the product which he markets either directly or
indirectly to the consumer. The attainment of these objectives depends on three
main essentials (33):

» the planning and installation of the processing plant;
» the management and personnel;

 the control procedures that are adopted and incorporated into a quality system
(figure 2).

Process Control Is More Effective
Than Product Control!

Quality
Improvement
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Figure 2. Components of a Quality System

A quality system places high demands on management and staff. It is a very
complex subject.

The quality of a processed material or a manufactured product depends on the
care which is exercised from the time the raw material is received until the time
the product is used by the consumer. Irreparable damage can be caused at any stage
in the sequence of steps which take place during processing, manufacture (33),
distribution and handling. To prevent this from happening, close teamwork is
needed between production, quality control, quality assurance and marketing, in
short by everybody working inside and outside the plant. Each person has his or
her specific role! The full commitment and support of senior management is a
precondition for the introduction of any quality (assurance) system (144, 235).
A quality system can only be established if all the departments involved cooperate
effectively and the process functions are reasonably understood.

For this purpose, staff training is essential. Communication experts estimate
that people learn by using all their senses, although the outcome very much de-
pends upon which sense is addressed in the learning process (132). As shown in
table 1, the most effective means for achieving understanding is by the use of
images (“seeing”) followed by the spoken word (“hearing”). Consequently, in
training, image-based material should be used as much as possible.

Learning and retaining information are not the same thing, as table 2 shows
(132). These figures are impressive and certainly make for a strong case. Know-
ledge is of value only if it can be applied, which requires permanent awareness
of the material learned. Practical exercise is the most effective way to ensure
that the information learned is also remembered.

Sense Learning Parameter Retained
Touch, Taste, Smell 6% Reading 10%
Hearing 11% Hearing 20%
Seeing 83% Seeing 30%
Seeing and Hearing 50%
Doing 90%
Table 1. Involvement of the Senses in Table 2. Retention of Learning
Learning
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Obtaining a better understanding of the processes involved in the production of
long-life products is usually needed, and has the following advantages (156):

a) more effective and more rapid troubleshooting;
b) better system control and maintenance;
¢) continuous improvement of processes; and

d) the ability of all employees to control and improve their operations and
performance.

While the responsibility for product quality rests with the quality control man-
ager in a quality control system, the senior management (general or factory
manager) has to assume overall responsibility for quality in any quality assurance
system. The main obligations of senior management are (33, 172, 235):

a) to formulate the company’s quality policy and targets, both with regard to
their actual achievement and a realistic time frame;

b) to establish an organisational structure in which rights and responsibilities are
clearly defined and enforced;

¢) to make available the personnel and funds, as well as the organisational condi-
tions necessary for the successful and cost-effective realisation of the
quality policy;

d) to supervise the quality assurance measures and the implementation of any
correction which may become necessary;

e) to establish efficient systems of communication between management and
members of the departments involved.

Quality programmes are developed to ensure that:

a) the finished product complies with the design and concept as agreed on by
company management;

b) the processes and products are kept within the tolerances stated in the written
(quality) specifications;

c¢) the processes and products are safe, consistent and wholesome, and that
defects are within tolerance;

d) proper corrective measures are formulated and executed if processes and/or
products deviate from their respective specifications.

ISO 9000 outlines the requirements for a quality system. Tools for this purpose
are GMPs, as well as the QACP (see below) and HACCP concepts (figure 3)
which should be incorporated into quality assurance activities.

ISO 9000 describes a quality system in general for all manufacturing enter-
prises and requires its proper implementation. A certificate can be obtained if the
documentation and its execution fulfil the specified requirements. GMPs are more
specific and can deal with branches of the food industry and special product
groups, etc. QACP and HACCP are very specific: they deal with one product and
one production line at a time. The introduction (documentation and implementation)
of an acceptable quality assurance system and particularly of the HACCP concept
could lead to the reduction of official routine inspections thus considerably reducing
inspection costs (133).

2.1S0O 9000

ISO 9000 outlines the requirements for a quality system in general (with the
exception of electrical products and electrical engineering) (246), and offers the
possibility of certification. More and more companies obtain ISO 9000 certifi-
cation and demand the same from their suppliers (246). Basically, the system
requires a documented quality system (246) consisting of total verification of

Obligations and Tasks of
Senior Management

Quality Programme:
Why?

1SO 9000

Figure 3. ISO 9000, GMP, QACP and

HACCP
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processes, products, procedures, quality specifications and a suitable organisa-
tion. The standard includes three different levels: 9001 covers development,
production, marketing and services; 9002 deals with production, marketing and
services; while 9003 is restricted to services only. ISO 9001 lists 18 areas or
points of concern (185):

 the tasks and responsibilities of senior management;
e quality assurance system;

e marketing;

* development;

e supervision of documentation;

e purchasing;

e products received from a third party;
 identification and tracing of products;

» checking of products (quality control);

» supervision of quality control work and procedures;
» handling defective (sub-standard) products;

* corrective action;

» handling of products (storage, packaging and distribution);
e quality records;

 internal quality audits;

 training and education;

e consumer services; and

 statistical methods.

The food industry is working to an increasing extent to get ISO 9000 certification.
Unfortunately, the primary goal is sometimes the certificate and not the intro-
duction of a quality system and the economic benefits connected with the process
(172). It is not expected that the legislative body will require the mandatory introduc-
tion of ISO 9000, though the EU Commission is said to recommend to the extent
possible the placing of orders with companies that have obtained ISO 9000
certification (185). “The ISO 9000 certification is not the end of the journey but
rather the beginning” (186). It is an indication that a company is on the right
track. The standard requires the preparation of three different documents (246):

a) the quality manual, a short outline of 25 to 30 pages which provides a
description of the company’s quality philosophy. All points in the appropriate
ISO 9000 standard should be addressed;

b) quality procedures describing how the information in the quality manual is
deployed and implemented. The procedures will answer the questions of who,
where and when;

¢) work instructions describing in detail how the procedures are to be accomplished.

3. Good Manufacturing Practices

Good manufacturing practices (GMPs) are guidelines for the production of safe
food products. GMPs state the steps that a producer of low-acid or high-acid foods
should take in order to ensure that his products are hazard-free and to minimise
commercial losses due to non-sterility or any other quality deviations of the
product (222). While ISO 9000 is applicable to the manufacturing industries
in their entirety, GMPs are more restricted. They may cover the food industry in
general, a branch of it or a product group. Larger food-producing companies
often have their own GMPs. Good manufacturing practices are often based on
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experience. Though passed on by word and deed, they actually should be put

down in writing.

In several countries (the USA, Canada, Taiwan, etc.,) the relevant legislative
body has either passed regulations on GMPs for certain food groups (for example,
shelf-stable, low-acid foods), or issued recommendations to this effect. At the
present time, rules, guidelines and regulations covering GMPs for long-life food
products are being formulated in an increasing number of countries, either on a
voluntary or legislative basis. Though the legislators often have an under-
standable desire to regulate aseptic technology, they are usually lacking in the
necessary knowledge. Therefore, the industry concerned should observe de-
velopments closely and, whenever possible, take an active part in them by co-
operating with the legislators.

GMPs require that scheduled processes be established. (Critical) Control points
and parameters need to be identified. For thermal operations such as UHT treat-
ment, this relates to a time-temperature requirement. Instruments usually control
such processes. It is important to calibrate such control instruments regularly. The
settings for these parameters can be calculated, learned by experience and/or
determined under experimental conditions (222).

The aseptic filling operation is a more complex process. The design of the
aseptic filling equipment establishes the performance of the packaging material
sterilisation process and all other pertinent parameters. As yet, no internationally
accepted method for checking performance efficiency exists.

Whenever action is taken (and even by refraining therefrom), a risk is involved.
Every operation will face problems of a greater or lesser kind. GMPs aim at mini-
mising the frequency, severity and consequences of such occurrences.

Some of the GMPs are concerned with the establishment of an “emergency
programme” which should be developed well in advance. An emergency pro-
gramme deals with action to be taken if a sub-standard product is released on to
the market, and it must include a product-recall plan. The point of a recall is to
protect the consumer and thus minimise the consequences of failure by:

* locating and retrieving affected stock;

* notifying the trade and consumers of the recall, and providing accurate infor-
mation to the regional and national health authorities. A recall may be
classified according to the severity of the fault, such as mislabelling, product
defects or a health hazard. The extent of the product recall should be defined
by batch codes and other relevant identification (222).

In a crisis situation, guidelines should exist as to what to do, who should do what,
and how it should be done. Crisis management should be regarded as part of an
emergency programme. A crisis-handling team should be established consisting
of (203):

a) senior management, as decisions of major importance may have to be made;
b) the production manager;

c) the operational manager;

d) the quality assurance manager; and

e) the public relations manager.

If mismanaged, a crisis can easily develop into a catastrophe! The probability of
such an event occurring can be minimised through preparation, as well as by
training and educating the workforce in general, and the crisis management
team in particular (269).

Legislation
on GMPs

Co-operation between
Legislative Body and Industry

Process
Control

Emergency
Programme

Crisis
Management
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4. Hazard Analysis Critical Control Point

Today, the hazard analysis critical control point (HACCP) is the most powerful
tool for quality assurance available. At the present time, the European Union (EU)
has issued a directive demanding the mandatory introduction of HACCP in the
food industry. The US FDA has already published a regulation requiring the
fish industry to implement HACCP. It is to be expected that an increasing
number of countries will render HACCP compulsory. The respective public health
authorities are aware of the limitations implicit in end-product control. This is
one of the procedures applied by public health inspectors today. A very limited
number of containers (packages) are drawn on for analysis. If, for example, five
packages are analysed and no defective package is found, what conclusions can
be drawn? Using the Poisson distribution diagram (see the section on “Quality
Control”) and based on a 90% probability level, the defect rate = 100 * x/n = 230/5
=46%! With 90% probability, the defect rate is no greater than 46%.

There is a 10% risk that the defect rate will be even higher! Such a procedure
is totally inadequate. The most likely and logical development for official food
inspection will be to ensure that the food industry follows quality assurance pro-
cedures rather than analysing a limited number of end-product units.

With this in mind, some general reflections are necessary. Public health depart-
ments are likely to issue regulations for the introduction of HACCP. Health
inspectors will check that the HACCP documentation is satisfactory and that the
commercial operator implements and follows the outlined procedures. This
requires access to the HACCP documentation. However, not all quality parameters
are of significance to public health. Some of them may even be trade secrets.
There is no need to make these accessible to the public health inspector. There-
fore, it is recommended that HACCP documentation be restricted to those quality
parameters that have public health significance. All others should be docu-
mented under a different heading: quality assurance control point (QACP) has
been suggested. In both cases, methods and procedures are exactly the same.
Below, the discussion will focus on QACP which provides a wider frame-
work, HACCP being part of QACP. The system covers the entire process, from
the production of raw materials to the consumption of the finished product, and it
deals separately with one product, one production line and one hazard at a time.

When considering the consequences of agricultural practices, processing
technologies and environmental hazards on the safety and wholesomeness of
food, decision-makers must assess the risks to public health and the likelihood
of food spoilage that may exist or may be introduced by processing and handling
food. Nothing is free from risk! Therefore, they must also decide on what is an
acceptable level of risk for the consumer (138) and the producer.

The process of developing a QACP (HACCP) programme for a specific
food product and processing line requires technical expertise and considerable
time. The most efficient use of QACP is to begin applying its principles during
the product and process development stages. In this way, safety can be built into
the product and process. The introduction and the necessary documentation of
QACP require the execution of a number of consecutive steps.

1) The pre-condition for the successful introduction of QACP is the commitment
and active support of senior management. Senior management must also
assume responsibility for the total quality of the products produced.

2) The introduction of the QACP concept is a matter of teamwork. A group has
to be formed which is small, consisting of no more than three to five people.
Representatives from quality control, production and marketing etc., should
be part of it. It is important to indicate that QACP is not only a subject of
production and quality control, but that it also includes many other aspects
such as marketing and purchasing. The group needs to appoint a chairman
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3)

4)

5)

6)

and a secretary and must have the authority and means (funds) to call on
outside expertise if needed.

Identification of the product to be studied. The intended use should also be
documented. QACP deals with the normal conditions of production and
handling. Intentional misuse of the product, tampering and sabotage are not
included in the system.

Description of the production line to be studied. This is done preferably by
preparing a flow chart (157) which should be fairly detailed. It should be
borne in mind that QACP (HACCP) deals with operations and functions and
not with equipment. This should be observed when flow charts are prepared
(see example 2 on page 105).

Identify the hazard to be studied. A hazard is a compound, substance,
material, etc., the presence of which can lead to harm (HACCP) or product
spoilage (QACP). There are three main groups of hazards:

a) physical hazards: pieces of foreign material, the weight or volume of a
package, etc.;

b) chemical hazards: disinfectants, cleaning agents, heavy metals, antibiot-
ics, pesticides, microbiological toxins, etc.;

¢) biological hazards: in long-life products, microbiological spoilage (QACP)
and/or the presence of pathogenic microorganisms (HACCP).

Only one hazard is studied at a time. In food commodities in general and

long-life products in particular, the number of possible hazards is very large.

In order to reduce the volume of documentation, hazards should be grouped

together as much as possible. For the HACCP concept, this must be done in

co-operation with the local public health authorities, whereas QACP is the

concern of the producers only.

At this stage, a risk assessment should be made covering the entire line, from
raw materials to consumption of the product. The purpose is to provide a
ranking of the importance of different hazards in order to permit an optimal
use of the resources available for quality improvement work. This risk
assessment consists of two steps (138):

a) probability estimate: this is an appraisal of the likelihood of the hazard
under study becoming a reality, i.e., that the hazard reaches the consumer.
The key word is “estimate”. Usually there are insufficient data available
for a more accurate appraisal. This should not prevent the group from making
the best attempt possible. Such a probability estimate must be based on a
defined time span. How often does the hazard become a reality within this
defined period? It has been suggested that a scale ranging from 0.00 to 1.00
(table 3) be used. The scale used depends on the producer in question but
should be the same for all hazards.

b) severity estimate: is an appraisal of the consequences arising if the hazard
under study becomes a reality. The appraisal could be based on a monetary
scale, with values ranging from O to 10. Again, the information available
may not be sufficient to arrive at an accurate severity estimate. The team
should do the best it can. Since the total cost of failure, including market-
ing aspects, is to be appraised, an input from marketing is necessary. The
severity (cost of failure, consequences) varies from country to country.
One example is the insurance costs for road accident deaths calculated for
1995 (table 4) (156).

Time Scale

every week

every month
every three months
every six months
every nine months
every year

every other year
every third year
every fourth year
every fifth year
>every fifth year

Probability
Rating

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Table 3. Risk Assessment: Probability

Ranking
Country “Cost of Life”
in Thousands of
US Dollars
United States 2,600
Sweden 1,236
New Zealand 1,150
UK 1,100
Germany 928
Belgium 400
France 350
Portugal 20

Table 4. The Cost of a Road Accident
Death, 1995
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By multiplying the probability estimate and the severity value, a figure in the range
of 0.00 to 10.00 is obtained which represents a relative estimate of the importance
of the hazard under study.

Perhaps an easier way of arriving at a risk assessment is to adopt the following
procedure:

a) decide upon the time span to be covered for all hazards in for example, a
5-year period;

b) determine the frequency (probability estimate): how often does the hazard
under study become a reality within the total time span decided on, for
example, 10 times during the 5-year period;

c) estimate the average cost (severity rating) of the incidents when the hazard
under study has become a reality. The estimate should not only include direct
product losses but should also contain the costs incurred from loss of market
share, etc., for example, 10,000.00 monetary units;

d) multiply the frequency of the hazard under study by the average cost rating to
obtain a total cost estimate caused by the hazard under study during the 5-year
period, for example, 100,000.00 monetary units. In this way, a sum of money
is arrived at which is an expression of the importance of the hazard under study
and which can serve as a basis for future improvement.

Based on the risk assessment, three groups should be set up:

e no action: the basic principle underlying the setting up of tolerances in the food
industry is based on the concept of threshold values (138). A certain, albeit low,
defect rate is acceptable;

» development and implementation of an action plan; or
» immediate action.

The development and implementation of an action plan is a very important step:
the QACP documentation is not an end in itself but a means to quality improve-
ment. The action plan should clearly indicate the goal of quality improvement, a
time frame and the costs involved in its execution.

7) Identification of (critical) control points. (Critical) Control points are stations,
stages, functions, operations, processes, etc., where control can be exercised in
order to eliminate a hazard or reduce the hazard to an acceptable level. It is re-
commended that a further risk assessment be attempted at this stage. However,
it should relate to failure at the control point only. Often, the magnitude of a
hazard is governed by more than one control point. In assessing the risk, the
same scale of judgement must be used as above. The sum of the risk assess-
ments of the control points for one particular hazard must be the same as the
one arrived at previously (point 6).

8) Depending on the complexity of the technology, it might be necessary to
identify (critical) control parameters. In UHT processing and aseptic
packaging, thermal and chemical processes are used. These have the
following (critical) control parameters:

a) thermal processes:
e time and
* temperature,
b) chemical processes:
* type of chemical;
e concentration of the chemical;
» contact between the chemical and the object;

e contact time; and

» temperature during contact.
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Again, at this stage a risk assessment should be performed. Using the same
scale for evaluation, the sum of the risk assessments of the control parameters
must be the same as the one obtained from the risk assessment of the (critical)
control point. For each control point or parameter, the following values should be
stated:

e critical limit: a critical limit separates acceptability from unacceptability.
Critical limits must be taken very seriously! Often they can be obtained from
existing legislation or the equipment supplier. In other cases they have to be
determined usually by the quality control manager of the producer and approved
by senior management;

e target values: target values are the set values of processes, i.e., the intended
setting of the parameter;

e preventive measures: this section contains a list of all the means that are im-
plemented to prevent the critical limit from being violated. It is important that
only those measures that are listed actually be performed. To a large extent,
quality improvement will rest on more efficient procedures to prevent process
deviations;

e corrective actions: a list of procedures used to correct deviating processes as
well as those measures to be taken with regard to a product that might have
been produced under deviating conditions;

9) Process monitoring and verification are procedures for ensuring that the
processes applied agree with the processes intended for implementation. Such
procedures include all kinds of record-keeping, supervision, sampling plans,
testing methods, etc. The personnel responsible for monitoring the (critical)
control point, their duties, and the persons they are to contact if the operation
is out of control should be identified.

10) Verification (validation) procedures need to be applied in order to ensure that
the proper, intended process conditions have actually been applied. The US FDA
has defined validation as follows (156):

“Process validation is establishing documented evidence which provides a
high degree of assurance that a specific process will consistently produce a
product meeting its predetermined specifications and quality attributes.”

11) Once the QACP system has been put into effect, regular internal and external
auditing is necessary. The purpose is:

a) to ensure that the procedures outlined in the documentation are really
followed,;

b) to include in the documentation any changes and improvements which
might have turned up;

¢) to add hazards which might have been overlooked; and

d) to inform senior management about the progress, shortcomings, etc., of
the implementation.

A summary of documentation can be made in a QACP table, (see example 1 on
page 104) which is given at the end of this section. For complex technologies such
as the production of long-life products, a more detailed description is needed.
The actual documentation file should be detailed. Of course, particulars depend
on each specific situation (see example 3 on page 117).

5. Quality System

QACP (HACCEP) is a tool for quality assurance only. A quality system comprises
all product-quality-related parameters and the total organisation of an enterprise.
In addition to what has been outlined above, the following aspects need to be
considered.

Quality System =
All Quality-Related Aspects
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5.1 Top Management (25)
The first task of top management is to decide what standard of quality is to be
implemented. “An effective quality system should be designed to satisfy customer
needs and expectations while serving to protect the organisation’s interests. A
well-structured quality system is a valuable management resource in the organi-
sation and control of quality in relation to benefit, cost and risk considerations.
“The responsibility for and commitment to a quality policy belongs to the
highest level of management. Quality management encompasses all activities of
the overall management function that determine the quality policy, objectives and
responsibilities, and implements them by means such as quality planning, quality
control, quality assurance and quality improvement within the quality system”
(ISO 9000).

5.1.1 Quality Policy

Senior management “shall define and document its policy and objectives for, and
commitment to, quality. The senior management shall ensure that this policy is
understood, implemented and maintained at all levels in the organisation.”

“The supplier [“the organisation that provides a product to the customer”]
shall establish, document and maintain a quality system as a means of ensuring
that the product conforms to specified requirements. The supplier shall prepare a
quality manual covering the requirements of this International Standard. The
quality manual shall include or make reference to the quality system proce-
dures and outline the structure of the documentation used in the quality sys-
tem” (ISO 9000).

5.1.2 Organisation
An organisation needs to be established which is adequate to fulfilling the require-

ments of a quality system. To this effect, ISO 9000-1 states that an “organisation
should:

a) achieve, maintain and seek to improve continuously the quality of its products
in relation to the requirements for quality;

b) improve the quality of its own operation, so as to meet continuously all customers’
and other stakeholders’ stated and implied needs (table 5);

Suppliers, Stakeholders Expectations or Needs
Customers Product Quality

Employees Career/Work Satisfaction

Owners Investment Performance
Sub-suppliers Continuous Business Opportunity
Society Responsible Stewardship

Table 5. The Parties Involved and Their Different Interests

¢) give confidence to its internal management and other employees that the
requirements for quality are being fulfilled and maintained, and that quality
improvement is taking place;

d) give confidence to the customers and other stakeholders that the require-
ments for quality are being, or will be, achieved in the delivered product;

e) give confidence that quality system requirements are fulfilled.”

The organisation must contain clearly defined areas of rights and responsibilities

for each of the different departments and their respective managers. Co-operation

is only possible if borderlines are distinctly established and, if necessary, enforced
by senior management.
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5.1.3 Responsibility and Authority

“The responsibility, authority and the interrelation of all personnel who manage,

perform and verify work affecting quality shall be defined, particularly for per-

sonnel who need the organisational freedom and authority to:

a) initiate action to prevent the occurrence of product non-conformity;

b) identify and record any product quality problems;

¢) initiate, recommend or provide solutions through designated channels;

d) verify the implementation of solutions;

e) control further processing, delivery or installation of a non-conforming
product until the deficiency or unsatisfactory condition has been corrected.”

“A management representative shall be appointed who, irrespective of other
responsibilities, shall have defined authority and responsibility for ensuring that
the requirements of the chosen ISO 9000 standard are implemented and main-
tained.”

5.1.4 Training

“The supplier shall establish and maintain documented procedures for identify-
ing training needs and provide for the training of all personnel performing
activities affecting quality. Personnel performing specifically assigned tasks shall
be qualified on the basis of appropriate education, training and/or experience, as
required. Appropriate records of training shall be maintained.”

5.1.5 Resources

“The supplier shall identify resource requirements and provide adequate resources,
including the assignment of trained personnel, for management, performance
work and verification activities including internal audits”.

5.1.6 Documentation

Senior management should ensure that a proper documentation system is estab-
lished and maintained. Such a system should address three types of document:
a) “procedural documents describing the quality system to be applied;

b) planning documents describing the planning and progress of all activities;

¢) product documents describing a particular product.”

“The supplier shall establish and maintain documented procedures to control all
documents and data that relate to the requirements of the ISO 9000 standard

chosen including, to the extent applicable, documents of external origin such as
standards”, etc.

5.1.7 Purchasing

“The supplier shall establish and maintain documented procedures to ensure that
the purchased product conforms to specified requirements.”

5.1.8 Control of inspection, Measuring and Test Equipment

“The supplier shall establish and maintain documented procedures to control,
calibrate and maintain inspection of measuring and test equipment used by the
supplier to demonstrate the conformity of the product to the specified require-
ments.”

5.1.9 Handling, Storage, Packaging, Preservation and Delivery

“The supplier shall establish and maintain documented procedures for handling,
storage, packaging, preservation and delivery of the product.”

The Conditions of the Job
Must Be Defined!

All Personnel
Need To Be Trained

Purchasing According to
Specifications and Not To Price!

Calibration and
Maintenance
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5.1.10 Control of a Non-Conforming Product

“The supplier shall establish and maintain documented procedures to ensure that
a product that does not conform to specified requirements is prevented from
unintended use. This control shall provide for identification, documentation,
evaluation, segregation (when practical), disposition of a non-conforming product,
and for notification to the functions concerned.”

5.1.11 Management Review

“One of the important activities that the executive management of the organisa-
tion needs to carry out systematically is an evaluation of the status and adequacy
of the quality system, including the quality policy, in relation to the expectations
of the stakeholders. The results of internal and external audits are an important
source of information. The outcome of the management review should lead to the
increased effectiveness of the quality system. Records of such reviews shall be
maintained.”

5.1.12 Contract Review

“The supplier shall establish and maintain documented procedures for contract
review [“systematic activities carried out by the supplier before signing the
contract to ensure that requirements for quality are adequately defined, free from
ambiguity, documented and can be realised by the supplier”’] and for the co-
ordination of these activities.”

5.1.13 Auditing the Quality System

“Audits should be planned and carried out to determine if the activities and related
results of the organisation’s quality system comply with planned arrangements,
and to determine the effectiveness of the quality system. All elements should be
internally audited and evaluated on a regular basis, considering the status of
importance of the activity to be audited. For this purpose, an appropriate audit
programme should be established by the organisation’s management.”

5.1.14 Financial Considerations of Quality Systems
“It is important that the effectiveness of a quality system be measured in financial
terms. The impact of an effective quality system upon the organisation’s profit
and loss statement can be highly significant, particularly by improvement of
operations, resulting in reduced losses due to error and by making a contribution
to customer satisfaction.

Such measurements and reporting can provide a means for identifying in-
efficient activities, and initiating internal improvement activities.

By reporting quality system activities and effectiveness in financial terms,
management will receive the results in a common business language from all
departments.”

5.2 Middle Management (33)
In addition to the requirements mentioned above, demands essential to the imple-
mentation of any quality system for the production of heat-treated milk are:

a) the efficient maintenance and operation of processing and ancillary plants;
b) the systematic application of plant and process control procedures;

c¢) the careful monitoring of the composition and hygienic quality of the milk at
all stages, from the time of its acceptance at the dairy until the time of con-
sumption.
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5.3 Plant Maintenance and Operation

5.3.1 Plant Maintenance

From an engineering and electrical point of view, the absence of faults and break-
downs which can occur in any dairy plant is the yardstick by which plant main-
tenance can best be judged. The secret of success lies in the development and
implementation of preventive (predictive) maintenance schedules. For preventive
maintenance to work satisfactorily, it is of the utmost importance that an up-to-date
inventory of the whole plant be kept with full details relating to inspection,
repairs, renewals, etc. It is of course necessary to maintain adequate stocks of
those materials or spare parts which may be needed.

5.3.2 Operation

The operation of a dairy processing plant requires knowledge and skill. In a
modern plant, procedures covering at least the main units will usually be laid
down in written form as a manual or guide and will include such matters as
starting up, running and shutting down the various units, as well as information
on how to detect faults, and so on.

For plant performance to be kept at a high standard of efficiency, it is very
important that there should be good liaison between supervisory, operational and
maintenance staff and laboratory personnel. Good and accurate communication
systems have to be established. It is of paramount importance that management
should create and enforce clear borderlines between departments, that it act in a
coordinating capacity, and establish distinct areas of responsibilities and rights.
Full participation of management is necessary in these areas to obtain optimal
results.

5.3.3 Plant Control Procedures

The efficiency of plant control procedures depends on time-man-machine co-
ordination. System procedures should be laid down by management with full
staff co-operation, their application being in the hands of the machine operators.

The system has to be reviewed regularly (auditing), and improvements in-
corporated. Careful monitoring is required. This will amount to a record of per-
formance, e.g., the amount of milk awaiting processing, the amount processed
and the amount packaged, etc. It will also include time/temperature/pressure
readings of instruments, recorders, etc., in accordance with the requirements set
out in the plant operating manual. Similar routine procedures will apply to the
cleaning, sanitation and sterilisation of the processing and packaging equipment,
and other relevant parts of the plant.

Indications and recommendations to counteract any deviation in standards
will also be forthcoming from the laboratory staff as soon as the results of their
tests become known and have been interpreted. The elaboration and application
of plant control procedures demand knowledge and experience if they are to
work effectively and well. Only too often they are ineffective because commun-
ication and training are inadequate or there is a lack of knowledge, experience, or
sense of responsibility at some point along the chain of command from manage-
ment to operating and maintenance staff and laboratory personnel.

5.3.4 Monitoring Composition and Hygiene; Milk Acceptance and
Storage

Close liaison and a good system of communication and information must be estab-
lished between the milk producer and dairy. Based on a quality payment, a situa-
tion should evolve where the quality and quantity of the intake remain more or
less the same throughout the year. Aspects of processability should be included
in the system.

Plant Maintenance = Reduced
Frequency of Plant Failure

Production Manuals
Co-Operation and Communication

Process Control

Record-Keeping

Relations between the Milk
Producer and Dairy
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At the end of the processing day, any untreated milk surplus should be pasteurised
or heat-treated (thermisation) to be carried forward to the next processing day (33).

Raw milk should be stored at the dairy at a low temperature, preferably below
4°C and as a general rule not more than 6°C, for up to 24 hours.

Processability should be assured by proper laboratory testing. Records should
be kept for both the raw milk and the intermediate product(s).

Vegetative bacteria are easily made inactive by UHT treatment, but careful
consideration should be given to the spore content (86). The mesophilic spore
count in milk produced under tropical conditions is higher than under temperate
conditions. Bacterial endospore counts from less than 10/ml to a few thousands/ml
have been reported (86).

In more and more countries, regulations require that untreated milk which is
used for UHT treatment shall have a low mesophilic count and be produced from
disease-free animals (tuberculosis, brucellosis, etc.,).

In general, the intention is to improve the standards of hygiene in milk pro-
duction. On the other hand, the length of time in which untreated milk is kept in
cold storage at the farm and in the dairy has increased. Coupled with this develop-
ment, it is not surprising that there is an increasing number of incidences of
heat-resistant enzymes produced by psychrotrophic (psychrophilic) bacteria,
mainly Pseudomonas sp. The heat resistance of some proteases (table 6) and
lipases (table 7) of bacterial origin is very high (86).

In spite of good raw material quality, under unhygienic pre-processing
conditions the intermediate product(s) may contain extremely high spore counts:
more than 1,000,000 spores/ml have been found (personal experience).

Organism T (°C) D (min) z (°C) Incomplete
Inactivation

Pseudomonas 120 4 20 150°C, 2.4 sec

Pfluorescens 149 1.5 2285

Pseudomonas 150 1.7 32

Pseudomonas 149 0.4

Pseudomonas 150 0.5 325

Pfluorescens 130 11 34.5

Pfluorescens 132°C, 7 min

Pfluorescens 150 27 28

Pfluorescens 140°C, 1.2 sec

B.cereus 150 0.015

Table 6. Heat Resistance of Proteases

Organism T (°C) D (min) z (°C)
Pfluorescens 130 16

Pseudomonas 150 1.7 25
Pseudomonas 160 1.25 37
Micrococcus 150 1 63

Table 7. Heat Resistance of Lipases

In order to reduce the risk of problems connected with such enzymes from
occurring, the cold storage periods for untreated milk should be as short as
possible. If longer refrigerated storage at the dairy is necessary, an intermediate
heat treatment such as pasteurisation or thermisation should be considered, if
legally permitted. This will reduce the count of Pseudomonas as well as other
vegetative bacteria and thus minimise the amount of thermo-resistant enzymes.
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6. Comparison of a Quality Control System and a
Quality System

Table 8 below attempts a comparison between a typical quality control system
and a quality system. Today, most enterprises operate a combination of both.

The limitations of quality control procedures have been discussed above. This
is especially true for end-product control. Having established sampling points,
quality control works in a differentiated way while a quality system requires
integration of all quality related aspects. Of great importance is that quality
control activities are often regarded as “police” actions and everybody likes to
fool the police! This also contributes to the isolation often encountered. Staff
competence and communication between departments counteract isolation.

Quality Control System Quality System

1. Oriented towards 1. Integration of all quality-related
end-product control. aspects into a quality assurance system.

2. Quality is achieved by control. 2. Quality is produced.

3. Only sections of production are covered. 3. The total production process

and more besides is included.

4. The quality control system 4. Quality assurance is always integrated.
is often isolated.
5. Quality control is often viewed 5. Communication, training and
as a “police” function. education result in quality thinking.
6. The control and checking of raw 6. Co-ordination and confidence of all parties
materials and raw material suppliers. involved from supplier to consumer.
7. Responsibility for product 7. Product quality becomes
quality rests with the laboratory. the responsibility of top management.
8. The laboratory is regarded as a cost factor. 8. Quality assurance prevents production of

deviating products and becomes a cost saving.

9. Isolated from an information point of view. 9. Integrated from an information-exchange point of view.

Table 8. Comparison between a Quality Control System and a Quality System

Perhaps of greatest importance is the question of responsibility. In a quality
control system, the responsibility for the product(s) released on to the market
rests with the quality control manager. A quality system requires that senior
management accepts the overall responsibility for quality and for all quality-
related activities.
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Parameter

1. holding time

2. temperature

1. chemical

2. concentration
of chemical

3. contact

4. contact time

5. temp. during
contact

*

Example 1: QACP Chart

Critical

Limit

pressure drop,
temp. differential

135°C

H,O

30%

passage
through H,O,
bath

6.4 seconds

62°C

Target
Value

n.a.

140°C

n.a.

35%

constant

7.2 seconds

67°C

Preventive
Measures

intermediate
cleaning,
cleaning

stop steriliser,
maintenance of
thermosensor,
comparison with
thermometer

certificate

regular control by
machine operator

n.a.

level sensor: stop
filling process

thermosensor:
stop filling

Corrective Actions

process: none
product: tightened
inspection

process: change of
thermosensor
product: tightened
inspection, re-work

replace

process: adjustment
product: tightened
inspection

n.a.

none

none
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Example 2: Flow Charts
The purpose of preparing flow charts is to achieve a better understanding of the
different process steps involved in the manufacture of a product. This knowledge
should then be used to improve operational safety and the quality level of the
product. In flow charts, the functions should be listed to identify the (critical)
control points, but not necessarily the equipment. Flow charts have to be
produced separately for each product.

From a microbiological point of view, the following should be kept in mind:

Unsterility Rate = Process Survivors + Reinfection;
Process Survivors = Process Parameters + Microbial Load.

Flow charts deal with processes and process parameters, not with the quality of
raw materials or intermediate products. However, all process stages involved in
the manufacture of a product should be included.

Shelf-Stable, Reconstituted Milk

A. Intermediate Product

In the flow chart presented in figure 1, the pre-process treatment, which results in
the intermediate product is shown (i.e., the product which is fed into the product
sterilisation process):

Skimmed Milk Stabiliser

Powder Emulsifier Butterel]

Heating Soaking Tank Heating Heating

Homogenising

Intermediate
Product

Figure 1. Flow Chart: Manufacture of the Intermediate Product

Consideration should be given to the pre-process treatment, i.e., the production
of an intermediate product, the sterilisation of the product, the aseptic transfer (if
applicable) and the aseptic packaging operation. Distribution can also be included.
The intermediate product is used to produce shelf-stable, reconstituted milk. In
order to achieve commercial sterility of the intermediate product, either a retort
process or UHT treatment can be used. In both processes, the following equation
applies:

Process Survivors = Process Parameters + Microbial Load.
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B. In-Container Sterilised Product

In the retort process, the intermediate product is filled into a suitable container
which is subsequently sealed hermetically. Both the product and the container are
sterilised together in an autoclave procedure (figure 2).

Intermediate
Product

Packaging
+ Closing

H Retorting H Sterile Product

Figure 2. The Retort Process (“In-Container Sterilisation”)

The intermediate product may either be packed and autoclaved directly or
subjected to UHT treatment in order to reduce the load of heat necessary for

sterilisation.

10-15 min

115-125°C

I = (Critical) Control Point

= (Critical) Control Parameter

Figure 3. (Critical) Control Points and Parameters

Human
Inspection

Container
Tightness

Automatic
Testing

Retorting

Automatic

Human Venting Pressure

,;—,;:'_‘—;—,L

I - (Critical) Control Point
= (Critical) Control Parameter
= Control Procedure

Automatic
Timer

Human Clock

Automatic Human
Thermosensor

Thermometer

Figure 4. Process Control
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1. Retorting: (Critical) Control Points and
(Critical) Control Parameters

In order to achieve commercial sterility, the necessary
combination of time and temperature is determined
by the product itself, the size of the container and the
type of retort used.

For each operation, (critical) control points and,
where applicable, (critical) control parameters must be
identified. These can and should be included in the
product flow chart (figure 3).

1.1 Retorting: Process Control

Process control procedures can be included in a flow
chart (figure 4). A distinction should be made between
(critical) control points which are controlled by in-
struments (automatic control) and those which are
subject to human control, usually machine operators.
Control devices depend on the specific autoclave used.

Some equipment is operated totally by hand: all
functions are controlled by the operator. Venting, i.e.,
the removal of air from the retort, is a precondition for
correct temperature control, irrespective of whether this
is done by an instrument or the operator.

A clear distinction should be made between a con-
trol function and a guarding device. A control function
should ensure the application of the process intended,
while guarding should prevent the production of a
product under conditions of process deviation. The
control of process parameters is not necessarily com-
bined with a guarding function. In addition, instru-
ments may or may not be connected to an automatic
recording device.
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C. Long-Life Product

The technology used to produce long-life products involves the separation of the
processes of product sterilisation and packaging:

1. UHT Process (“In-Flow Sterilisation”)

UHT treatment involves rapid heating, short holding at the sterilisation tempera-
ture followed by rapid cooling. When combined with aseptic filling, a long-life
product is obtained (figure 5).

Homogenisation

Intermediate

Product Heating Holding Sterile Product

Homogenisation

Long-Life
Product

Figure 5. The UHT Process

A commercially sterile product is obtained by UHT treatment. Using aseptic
conditions, this product is transferred to the packaging operation. In order to
maintain the high level of microbiological quality, packaging has to be done
under aseptic conditions.

In indirect UHT equipment, homogenisation may either be before (upstream)
or after (downstream) the actual product sterilisation. Direct heating always
requires downstream homogenisation.

1.1 UHT-Processing: (Critical) Control Points and (Critical) Control
Parameters

The UHT process is a (critical) control point in the manufacture of long-life
products. The (critical) control parameters should be included in the flow chart.
As with any thermal process, two (critical) control parameters can be identified
(figure 6): the sterilisation temperature and the holding time at that temperature.

v

v
v

135-150°C

v
_

I = (Critical) Control Point
= (Critical) Control Parameter

Figure 6. UHT Treatment:
(Critical) Control Points and
Parameters
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1.1.1 UHT Treatment: Process Control

Usually, the sterilisation temperature is automatically controlled by a thermo-
sensor which has regulating, recording and guarding functions. The pressure
drop and temperature differential, even if measured, are neither registered nor
connected to a guarding system (figure 7).

Automatic
Thermosensor
UHT Treatment ~ —
Volume of
Holding Cell
Homogeniser Diameter
Qe Flow Rate Length Constant Deposit
I = (Critical) Control Point Automatic Automatic
= (Critical) Control Parameter Pressure Drop Temp. Differential
= Control Process

Figure 7. UHT Treatment: Process Control

2. Aseptic Transfer

The commercially sterile product obtained by UHT processing has to be trans-
ferred to the aseptic filling operation under conditions that exclude microbial
infection (figure 8).

Sterile Product

Piping Aseptic Tank Piping »

Figure 8. The Aseptic Transfer Line

Such a transfer line may or may not include one or several aseptic buffer tanks.
From a microbiological perspective, reinfection of the product is a (critical)
control point. To avoid or minimise recontamination of the product, the process
of plant sterilisation and the tightness of the system have to be controlled.

2.1 Aseptic Transfer: Line Sterilisation

The pre-condition for a repeatable and efficient line-sterilisation process is the
cleanliness of the system. Usually, cleaning and sterilisation cycles are identi-
cal. Depending upon whether or not a sterile tank is included in the transfer line,
as shown in figure 9, one or two cleaning and sterilisation cycles are operated.
(The filling equipment is cleaned and sterilised separately.)

Tightness of the system is achieved by changing gaskets, membranes, etc.,
regularly, an action which is not a processing function and, therefore, not
included in the flow chart. The control of the cleaning process depends on the
degree of automation of the cleaning unit.



Cleaning Unit

Aseptic Tank Piping » Aseptic Filling

Figure 9. Cleaning the Aseptic Transfer Line

2.2 Aseptic Transfer: Control of the Line-Sterilisation Process

The sterilisation process of the aseptic transfer line is usually controlled and
guarded by a thermosensor which is placed in the product return line. Usually
this operation is also recorded.

Cleaning Unit

Aseptic Tank Piping » Aseptic Filling

Automatic Automatic
Thermosensor Thermosensor
Return Line T—— Return Line
Automatic Automatic
Timer Timer
"

Figure 10. Sterilisation and Sterilisation Control of the Aseptic Transfer Line

3. Aseptic Packaging

Flow charts can be prepared for total production lines, for sections of such lines,
for individual pieces of equipment, or even for specific functions of such equip-

ment. Examples are given below, using Tetra Pak aseptic packaging systems as a
model.

3.1 Tetra Brik Aseptic 3 (TBA/3)

In the aseptic packaging operation, three (critical) control
points are identified (figure 11): packaging material sterilisa-
tion, a sterile environment in the area where the packages are
formed, filled and sealed, and the production of tight packages.

Tube Heater

Packaging
Material

Sterilisation
Hot, Dry Air

Sterile
Environment

Tight Packages

Steam Barrier Sterile Air

Figure 11. Flow Chart for the Aseptic Packaging Process (TBA/3)

o

Packaging Gt
Material LSS

Sterile Product

Long-Life
Product
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3.1.1 TBA/3: (Critical) Control Point: Packaging Material Sterilisation
Packaging material sterilisation is a chemical process which has five (critical)
control parameters (figure 12): the chemical used (hydrogen peroxide), the con-
centration of the chemical, the contact between the chemical and the packaging
material, the contact time and the temperature during contact.

I = (Critical) Control Point
= (Critical) Control Parameter

Packaging
Material
Sterilisation

Figure 12. (Critical) Control Parameters for the Packaging Material Sterilisation Process

3.1.2 TBA/3: Packaging Material
Sterilisation: Process Control
In order to ensure repeatability of the
packaging material sterilisation process,
suitable control procedures must be
applied (figure 13).

The kind of chemical (hydrogen per-

I = (Critical) Control Point

= (Critical) Control Parameter

Packaging
Material

Sterilisation = Control Process

oxide) is not controlled by the producer
who relies on certification, i.e., the reli-
ability of the supplier. The concentra-
tion is measured either by the machine

l operator or by laboratory staff, usually

Supplier Human Human Machine Automatic
Certificate Gravity Consumptio! Construction Thermosensor
Capacity Repeat Length Tube Heater

Figure 13. Control of the Packaging Material Sterilisation Process
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at the beginning of the packaging opera-
tion. The consumption of hydrogen
peroxide should be determined by the
machine operator either at the end of the
production run or, better, at regular inter-
vals. The contact time is a function of
the packaging material and the machine
construction and, consequently, constant:
no control is needed. Temperature
during contact is achieved by the tube
heater element which in turn is controlled
by a thermosensor which has a regula-
ting and guarding function.
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3.1.3 TBA/3: (Critical) Control Points: Sterile Environment

The area in which the packages are formed, filled, and sealed must be sterilised
before production commences, this is accomplished by steam and by dry, hot air.
In addition, sterility must be maintained in this zone during the entire length of
the production run. This function is achieved by an overpressure of sterile air.

Two different sterilisation cycles are needed, both of which are heat proc-
esses. The product valve is sterilised by steam while the filler is sterilised by
dry, hot air. During production, sterility of the air needed is attained by an
incineration process.

Sterile
Environment

Temperature

Overpressure
Sterile Air

Temperature

Air Temperature Holding Time Air Flow
I - (Critical) Control Point

= (Critical) Control Parameter

Figure 14. Aseptic Packaging: Sterile Environment (Critical) Control Points and
Parameters

3.1.4 TBA/3: Sterile Environment: Process Control: Sterilisation

The precondition for repeatable and satisfactory equipment sterilisation is,
generally speaking, its cleanliness. In addition, and in order to assure re-
peatability of the procedure, the process of sterilising the aseptic filler must be
controlled and, to the extent possible, guarded and recorded. The process
control procedures necessary are outlined in figure 15. The sterilisation process
is controlled and guarded by thermosensors and by a timer.

Automatic Timer

Sterile
Environment

Automatic

embeatie Thermosensor

Automatic Timer

I = (Critical) Control Point Temperature Thl;:t:ons\ae:ts:or
[ = (Critical) Control Parameter
= Control Process ———

Figure 15. Process Control: Sterilisation of the Aseptic Filler
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3.1.5 TBA/3: Maintaining Sterility: Process Control

As shown in figure 16, the proper control of the function of maintaining sterility
during the production run is achieved either by instruments or by the construction
of the equipment.

I = (Critical) Control Point
[ = (Critical) Control Parameter
= Control Process

Automatic
Thermosensor

s_,tenle Steam Barrier
Environment

Overpressure Automatic
Sterile Air Manometer

Holding Time Air Temperature Air Flow

Machine Design Automatic Compressor
Construction Thermosensor Constant

Air System Compressor Compressor

Val i
Volume Capacity Capacity alve Settings

Figure 16. Process Control: Maintaining Sterility During Production

3.1.6 TBA/3: (Critical) Control Point: Package Integrity
The tightness of the package is an important factor in determining the micro-
biological safety of an aseptic packaging operation. At the present time, all
methods available depend on the human factor (figure 17).

Consideration must be given to the tightness of the longitudinal and transver-
sal seals as well as to possible damage in the structure of the packaging material
itself.

I - (Critical) Control Point
[0 = (Critical) Control Parameter

Tight Packages

Packaging

ez Material

Human
(Inspection)
Conductivity
Dye Test

Figure 17. Package Integrity
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3.2 Tetra Brik Aseptic 8 and 9 (TBA/8 and TBA/9)

Tetra Brik Aseptic 8 and 9 differ in a number of aspects from Tetra Brik Aseptic 3.
Consequently, different flow charts result, although, the (critical) control points
remain the same (figure 19).

I = (Critical) Control Point

. Packaging
Packaging . Material
Material Heating

Sterilisation

Sterilisation

Warm Air Sterile Sterile Product
Environment

Maintaining
Sterility

Hot, Dry Air

Tight Packages

Steam Barrier Sterile Air

Long-Life

Product

Figure 19. Flow Chart for the TBA/8 and TBA/9 Aseptic Packaging Systems

3.2.1 TBA/8 and TBA/9: (Critical) Control Points and (Critical) Control
Parameters: Packaging Material Sterilisation

The sterilisation of the packaging material is a chemical process with five (critical)
control parameters (figure 20).

I - (Critical) Control Point

Packaging
Material
Sterilisation

[ = (Critical) Control Parameter

Contact

Chemical Concentration Contact Contact Time Temperature

30-50%

Figure 20. Packaging Material Sterilisation: (Critical) Control Parameters
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3.2.2 Process Control: TBA/8 and TBA/9: Packaging Material
Sterilisation

The control of the packaging material sterilisation process is outlined in figure
21. The (critical) control parameters are controlled and guarded either by
instruments, or they are part of the construction of the equipment and thus
constant.

Supplier’s
Certificate

3

Human Constant Thermosensor

Packaging
EICHE] Concentration ? Contact Time Te:\:l;tr:‘t:;re

Hydrogen
Peroxide

Sterilisation

. Dip-in : :
Certificate Human (Constant) | Machine Design
H,0, Level Capacity Repeat Length
I - (Critical) Control Point Ty — e —
[ = (Critical) Control Parameter
= Control Process ——

Figure 21. Packaging Material Sterilisation, TBA/8 and TBA/9: Process Control
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3.2.3 TBA/8 and TBA/9: (Critical) Control Points and (Critical) Control
Parameters: Sterile Environment

The area in which packages are formed, filled and sealed must be sterilised prior
to production start-up, and sterility must be maintained during the entire produc-
tion run. These process steps involve a number of (critical) control points and
parameters which are shown in figure 22.

Sterile
Environment

Temperature

Time
Air Temperature
Hydrogen

Peroxide

Sterile Air

Chemical Concentration Contact

Temperature
[0 = (Critical) Control Parameter
= Control Process

Figure 22. Sterile Environment TBA/8 and TBA/9: (Critical) Control Points and (Critical) Control

I = (Critical) Control Point

Parameters

3.2.4 Process Control: TBA/8 and TBA/9: Sterile Environment,
Sterilisation

The repeatability of the equipment sterilisation operation requires, in general,
that all surfaces are free from residue and are clean. This is particularly true if the
process of sterilisation is chemical in nature. Sterilisation of the area in which the
packages are formed, filled and sealed is done by thermal and chemical processes.
At this process stage, a number of (critical) control parameters (figure 23) are
involved. Process control is also required in order to ensure that the equipment
sterilisation process is repeatable.

Temperature
Holding Time
Overpressure
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I = (Critical) Control Point
I = (Critical) Control Parameter
= Means of Control

Hydrogen Supplier’s
Hot, Dry Air Steam Chemical b
1 | Peroxide Certificate

Concentration

Temperature Condensation
Fogging

Automatic Timer

Thermosensor

Contact Air Temp. Drying
Temperature

Automatic Timer | Automatic

Temperature
Guard

Figure 23. TBA/8 and TBA/9: Control of Equipment Sterilisation

3.2.5 Process Control: TBA/8 and TBA/9: Sterile Environment,
Maintaining Sterility

During production, sterility has to be maintained in the area where the packages
are formed, filled and sealed. The control of this function is essential for the
safety and adequacy of the operation. Figure 24 shows the way in which these
(critical) control parameters are controlled.

Machine
Construction
~
Air Sterilisation Thtl::on;::i:or
~
Automatic
L S

¥

Air Flow
Constant

Figure 24. TBA/8 and TBA/9: Maintaining Sterility During Production: Controlling the Process
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Example 3: A QACP Plan for Long-Life Chocolate
Milk

1. Raw Materials

The raw materials (ingredients) used in the manufacturing process for UHT choco-
late milk are: reconstituted skimmed milk, fresh milk, cocoa powder, flavour-
ing, sugar, stabiliser, emulsifier and water.

1.1 Quality Specifications

a) Skimmed Milk Powder: purchased from Australia according to ADMI specifica-
tions. Medium/low-heat powder.

b) Fresh Milk: total bacterial endospore count: <1000/ml; alcohol stability: >72.

Storage Tank 1

Cooling : Cooling
<6°C Insulated Tankers H Dairy H _4°C

The flow chart below illustrates the collecting system for untreated milk (figure 1).

Figure 1. Flow Chart: Collecting System for Untreated Milk

¢) Cocoa Powder: special powder quality from Holland, specifically for UHT
processing (187). No other quality specifications.

d) Flavouring: no specifications.

e) Sugar: no specifications.

f) Stabiliser and Emulsifier: no specifications.

g) Water: potable: 44°C, Escherichia coli <1 / 100 ml, total count: <100/ml.
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2. Intermediate Product

Untreated Milk Cocoa Powder

Stabiliser
Emulsifier

Soaking Flavouring

Reconstituted
Intermediate Milk

Storage Tank 1 Product

Skimmed Milk Stabiliser
Powder Emulsifier

Hopper

(Mixing) Heating

Soaking Tank

Homogeniser Heating Cooling

Intermediate

Product Storage Tank 2

Figure 2. Flow Chart: Chocolate Milk: Production of Intermediate Product

The flow chart (figure 2) shows the preparation of the intermediate product. No
quality specifications specific to long-life products exist for the intermediate
product. Essential for the rapid heat penetration required for efficient UHT
treatment is soaking in general and of cocoa powder in particular, the latter being
a critical control point.
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3. Final Product: Long-Life Chocolate Milk

3.1 Equipment

A Tetra Laval plate heat exchanger (3,500 litres/hour) directly connected to two
TBA/9 250. Figure 3 is a flow chart showing the production of long-life
chocolate milk.

Intermediate
Product

HNO,
Cleaning Unit
Aseptic Transfer
HNO LS-Strip
N
Cleaning Unit Aseptic Packaging
Packaging Material
N
Hydrogen
Peroxide

Distribution
Equipment

End-Product
Storage

Figure 3. Flow Chart: Final Processing and Packaging

The packages are palletised manually and separately for each of the two TBA/9
fillers. Subsequently, the product is stored until released by the quality control
department. The decision as to when to release is based on the results obtained
from the incubated package control and other parameters.

4. The Hazard To Be Studied
4.1 Spoilage by Growth of Bacterial (Bacillus) Spore-Formers

4.1.1 Risk Assessment

This risk assessment covers the entire line from raw materials (ingredients, pack-
aging materials, etc.,) to consumption. A relative rating of the importance of the
hazard under study is obtained by multiplying the probability and the severity
rating:

0.75 x 6 = 4.50
(Cost Estimate: 21 x 1,000 = 21,000)
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a) Probability Estimate: how likely is it that the consumer will get chocolate
milk spoiled by the growth of Bacillus? Considering the quality of the raw
material, the processing and packaging conditions, and the circumstances
prevailing during distribution, a probability rating of 0.75 (~ 21 times in five
years) is a reasonable estimate.

b) Severity Estimate: microbiological spoilage is a comparatively severe event.
However, spoilage by Bacillus does not imply a public health risk. A severity
rating of 6 (average cost per incident: ~ 1,000 monetary units) appears
reasonable.

4.1.2 Identification of Control Points
Two control points can be identified: A) process survivors and B) reinfection.

A) Process survivors: UHT treatment and sterilisation of the packaging material.

Risk Assessment: the risk of UHT process survivors is relatively low:
probability estimate: 0.10 (~ once every 5 years);

severity estimate: 6 (~ 1,000 monetary units);

Risk Assessment: 0.10 x 6 = 0.60
(Cost Estimate = 1 x 3,000 = 3,000).

Packaging material sterilisation:
probability estimate: 0.15 (~ 1.5 times every 5 years);

severity estimate: 6 (~ 1,000 monetary units);

Risk Assessment: 0.15 x 6 = 0.90
(Cost Estimate: 1.5 x 3,000 = 4,500).

B) Reinfection: leakage in the equipment at temperatures above 70°C, and
insufficient sterilisation of the plant (UHT equipment, piping and the aseptic
filling machine).

Risk Assessment: the risk of reinfection is rather large:
probability estimate: 0.50 (~ 5 times every 5 years);

severity estimate: 6 (~ 1,000 monetary units);

Risk Assessment: 0.50 x 6 = 3.00
(Cost Estimate: 4.5 x 3,000 = 13,500).
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A.1 Process Survivors: UHT Treatment

1. UHT Treatment: The following control parameters are valid for UHT treat-
ment: temperature and time.

Regulating
Function

Thermosensor \

Product in A |
Holding Cell
Guarding

Function

Figure 4. Sterilisation Temperature Control, Recording and Guarding System

From a safety point of view, the guarding function is essential.
a.) Temperature: the sterilisation temperature.

* Critical Limit: 135°C.

e Target Value: 140°C.

« Preventive Measures: calibration and challenging of the thermosensor every
three months; daily comparison with a thermometer reading by the machine
operator, a guarding function which shuts down the steriliser if the tempera-
ture drops below 135°C.

e Corrective Action:
Process: replace the thermosensor.

Product: requires the simultaneous breakdown of the thermosensor and guard
function which is very unlikely. Depending on the temperature drop: tightened
inspection (sampling) and/or re-processing (for a different product?).

b.) Time: refers to the holding time at the sterilisation temperature. The holding
time is determined by the capacity of the steriliser and the volume of the
holding cell.

b.1) Capacity of the steriliser: the throughput of the steriliser is the number of
litres per hour passing through the homogeniser, a positive piston pump. The
volume is constant.

e Critical Limit: not applicable.

» Target Value: not applicable.

» Preventive Measures: not applicable.
» Corrective Action: not applicable.

b.2) Volume of the holding cell: the volume of the holding cell is determined by
its length which is constant, and the diameter. Deposit formation causes the
diameter to become successively smaller, thus reducing the holding time
(capacity constant) and giving a lower sterilising effect (86). The amount of
deposit formed can be measured indirectly by either the pressure drop and/or
the temperature differential.

b.2.1) Length of the holding cell:

¢ Critical Limit: not applicable.

« Target Value: not applicable.

« Preventive Measures: not applicable.

» Corrective Action: not applicable.
Process: not applicable.

Product: not applicable.
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b2.2) Diameter of the holding cell: as deposits form (figure 5), the pressure drop

I - Deposit .

Figure 5. Deposit Formation: Holding Cell

over the equipment and the temperature differential between the heating
medium and product increase.

Critical Limit: x kg/cm?; y°C (pressure drop; temperature differential).
Target Value: not applicable.

Preventive Measures: cleaning of the equipment, “sterile” clean.
Corrective Action:

Process: manual shut-down and full cleaning of the steriliser.

Product: inspections.

The precondition for proper sterilisation of the product is sufficient soaking,
especially of the cocoa powder.

A.2 Process Survivors: Sterilisation of the Packaging Material
Sterilisation of the packaging material is a chemical process. Hydrogen peroxide
is used as a sterilant and the packaging material is sterilised by passage through a
dip-in bath (figure 6).

The chemical process has five control parameters: the chemical, the concen-

tration of the chemical, contact between the chemical and the object (packaging
material), contact time, and temperature during contact.

Packaging

l Material out
Air Knife #

h Air Knife

Hydrogen Peroxide

Guarding
Function

Thermosensor 2

Figure 6. Sterilisation of the Packaging Material

¢)
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Water Bath

a) The chemical: hydrogen peroxide, H,O,.

* Critical Limit: not applicable.

Packaging
Pressure Rollers &‘e’ falin « Target Value: not applicable.
ﬁuar(:_ing » Preventive Measures: purchase from a
unction
Level Sensor reliable source. Food-grade quality.
Thermosensor 1 » Corrective Action:

Process: not applicable.

Regulating
Function

Product: not applicable.

b) The concentration of the chemical.
e Critical Limit: 30% (50%).
« Target Value: 35% (< 50%).

» Preventive Measures: regular (every 6
hours) determination of the concentration
by the machine operator.

Corrective Action:
Process: restore correct concentration.

Product: depending on the magnitude of deviation, additional packages are
tested for sterility or the product is reworked immediately. The decision on
which procedure to use is made by the quality control manager.

Contact between the chemical and the packaging material. It is accomplished
by passage through the liquid hydrogen peroxide which is constant.

Critical Limit: not applicable.
Target Value: not applicable.
Preventive Measures: not applicable.
Corrective Action:

Process: not applicable.

Product: not applicable.
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d) Contact time: contact time is determined by the capacity (packages/hour), the

e)

repeat length (the length of packaging material needed for the production of
one package), both of which are constant, and the level of hydrogen peroxide
in the H,O, bath which is guarded by a level sensor.

Critical Limit: 6.4 seconds.

Target Value: 7.2 seconds.

Preventive Measures: challenging the level sensor every three months.
Corrective Action:

Process: replace the level sensor.

Product: re-processing or use in another product.

Temperature during contact: the temperature of the hydrogen peroxide is
regulated via a water bath by thermosensor 1. Thermosensor 2 has a guarding
function only, stopping the filling operation if the temperature drops below

the critical limit.

Critical Limit: 65°C.
Target Value: 70°C.

Preventive Measures: guarding function of thermosensor 2: calibration and
challenging every three months.

Corrective Action:
Process: replace thermosensor 2.

Product: tightened inspection, re-processing or use in another product.

B. Reinfection

@ Two sources of reinfection are considered: leakage of the system at temperatures
>70°C, and insufficient sterilisation of the equipment.

B.1 Leakage at temperatures >70°C

The only area of interest is the first (regenerative) cooling section of the steriliser
(figure 7).

Critical Limit: pinholes or cracks in the first cooling section.

Target Value: not applicable.

Preventive Measures: inspection by opening the heat exchanger every month.
Corrective Action:

Process: replace the plate that has pinholes or cracks.

Product: none.

Water in I
Product out

Cooler

I - Possibility of Reinfection
by Bacterial Spores only

Water out

Product in
Final Heater

h Steam in

Figure 7. Reinfection: First (Regenerative) Cooling Section
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B.2 Insufficient Sterilisation

Insufficient sterilisation can be caused by a failure in the heat or chemical sterili-
sation process. The pre-condition for obtaining a satisfactory result regularly in
the plant sterilisation process is to ensure adequate cleanliness of the equipment.

This is particularly true for the chemical sterilisation operation (TBA/9).

B.2.1 Failure of the Heat Sterilisation Process

The steriliser and the product line are sterilised by superheated water. Figure 8
shows the control procedure. The critical parameters of the process are tempera-
ture and time.

Final Heater Holding Cell

) Thermosensor
Steam in

Water in

Figure 8. Control of Plant Sterilisation

a) Temperature: the sterilisation temperature is controlled, recorded and
guarded by a thermosensor which activates a steam valve and a timer.

e Critical Limit: 135°C.
e Target Value: 140°C.

» Preventive Measures: guarding function of the thermosensor. A drop in
temperature below 135°C results in a repetition of the sterilisation cycle.
Calibration and challenging of the thermosensor every three months.

* Corrective Action:
Process: replace the thermosensor.
Product: not applicable.

b) Time: the plant sterilisation time at a minimum temperature of 135°C is
controlled by a timer which, in turn, is activated by the thermosensor (figure 8).
The time is recorded on a process chart.

e Critical Limit: 25 minutes.
e Target Value: 30 minutes.
* Preventive Measures: none.
e Corrective Action:

Process: none.

Product: not applicable.

B.2.2 Failure of the Sterilisation Process in the TBA/9

Part of the TBA/9 filler is sterilised by steam (the product valve area), part by hot
air (the piping between the air incinerator and the H,O, evaporator) and part by
hydrogen peroxide (the rest of the filler).
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B.2.2.1 Steam sterilisation of the product valve

A time-temperature process, the control of which is shown in figure 9.

Product Line

Thermosensor

ﬁ Sterile Air

Steam in

Steam Trap

Y

Figure 9. Steam Sterilisation of the Product Valve

Temperature:
e Critical Limit: 125°C.
e Target Value: 130°C.
* Preventive Measures: calibration and challenging every three months.
e Corrective Action:
Process: replace the thermosensor.

Product: not applicable.

Time:
e Critical Limit: 25 minutes.
$ » Target Value: 30 minutes.

* Preventive Measures: none.
e Corrective Action:

Process: none.

B.2.2.2 Sterilisation by hot, dry air:
The piping between the incinerator and the evaporator (figure 10).

Valve Closed I ' Valve Closed

Air Cooler

Compressor (Not Activated)

Air out

Evaporator Piping

Thermosensor

Valve Closed
to Aseptic System

Figure 10. Sterilisation By Hot, Dry Air

A time-temperature process which has temperature and time as control parameters.
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Temperature:
e Critical Limit: 270°C.
o Target Value: 280°C.

» Preventive Measures: the guarding function of the thermosensor re-starts the
sterilisation cycle; calibration and challenging of the thermosensor every 3
months.

» Corrective Action:
Process: replace thermosensor.

Product: not applicable.

Time: If the critical limit temperature is reached under normal conditions of
sterilisation, the temperature guard activates a timer (which is re-set if the temper-
ature drops below the critical limit).
* Critical Limit: 20 minutes.
e Target Value: 30 minutes.
* Preventive Measures: none.
* Corrective Action:
Process: replace the timer.

Product: not applicable.

B.2.2.3 Sterilisation by hydrogen peroxide

The rest of the TBA/9 is sterilised by H,O,, a chemical process. The system of
sterilisation is illustrated in figure 11. A certain amount of H,O, is discharged
into an evaporator. The hydrogen peroxide is evaporated and distributed by hot,
sterile air over all the surfaces to be sterilised. The hydrogen peroxide condenses
on the cooler surfaces of the equipment. Subsequently, the hydrogen peroxide is
dried off by hot, sterile air. Five (critical) control parameters have to be consid-
ered: the chemical, the concentration of the chemical, the contact between the

chemical and the object, the contact time, and the temperature during contact.

Product Line Pressurised Air

Steam

Eva-
porator

. Thermosensor

AN [P

Air in Guard

Figure 11. Hydrogen Peroxide Sterilisation
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The chemical
Critical Limit: hydrogen peroxide.
Target Value: hydrogen peroxide.

Preventive Measures: purchase from a reliable source, contact with the
supplier, supplier’s certificate.

Corrective Action:
Process: replace chemical.

Product: not applicable.

Contact between the chemical and the object: contact is determined by the
volume of hydrogen peroxide discharged into the system, its proper evaporation
and the correct functioning of the spray nozzle.

II Volume

Critical Limit: 125 ml.
Target Value: 125 ml.

Preventive Measures: a level sensor connected to a guard automatically
repeats the hydrogen peroxide filling process in the spray container. If, on
repetition, the required level is not reached, the filler shuts down. The
guarding function is challenged every 3 months.

Corrective Action:

Process: replace the level sensor, clean the piping supplying the hydrogen
peroxide to the spray container.

Product: not applicable.

III Evaporation: evaporation requires a certain minimum temperature that is

provided by the flow of hot sterile air.
Critical Limit: 280°C.
Target Value: 360°C.

Preventive Measures: the guarding function of a thermosensor repeats the
process if the temperature drops below the critical limit. Regular challenging of
the thermosensor every 3 months.

Corrective Action:
Process: replace the thermosensor.

Product: not applicable.

IV Spray nozzle function: this function is controlled by a timer which meas-

ures the time required for emptying the spray container: if the spray nozzle is
clogged, the time increases; if it falls off, the time required is less.

Critical Limit: x seconds, y seconds.
Target Value: not applicable.

Preventive Measures: the guarding function of the timer repeats the spray

process and shuts down the filler if it fails recurringly. Regular challenging of

the guarding function every 3 months.
Corrective Action:
Process: repair or replace the spray nozzle.

Product: not applicable.
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V Contact time: the time needed for drying the condensed hydrogen peroxide
e Critical Limit: 10 minutes.
e Target Value: not applicable.
* Preventive Measures: none.
e Corrective Action:
Process: none.

Product: not applicable.

VI Temperature during contact: the temperature is provided by the air circulat-
ing in the system and drying the hydrogen peroxide. Control is achieved by
the incineration temperature.

e Critical Limit: 330°C.
« Target Value: 360°C.

» Preventive Measures: the guarding function of the thermosensor repeats the
process if the temperature drops below the critical limit. Regular challenging
of the thermosensor every 3 months.

e Corrective Action:
Process: replace the thermosensor.

Product: not applicable.
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Example 4: A Guide to the Introduction of Quality
Assurance Systems in the Food Industry Based on
the ISO 9000 Standard

1. Introduction

The purpose of this section is to provide a guide for the food industry in general
and the dairy sector in particular for the introduction of a quality system as de-
scribed in the ISO 9000 standard. In so doing, the frame of application has been
narrowed considerably. Nevertheless, each food-producing enterprise will have
to adjust the quality system to its own specific conditions, products and needs.

The introduction of a quality system can be done in many different ways. An
attempt has been made below to outline just one approach.

Generally, two major difficulties are connected with the implementation of
the ISO 9000 standards, both of which are implicit in the concept of the standard
itself:

1. of necessity, the standard has to be phrased in a very general way since it is
intended to be applicable to all industries; and

2. as aresult of which, the language becomes rather difficult to understand and
definitions have to be very general.

Based on the above, an attempt has been made to streamline the definitions of

some terms to the requirements of the food industry. ISO 9000 has provision for

such procedures if these terms are properly defined.

A further problem generally encountered is the change in philosophy which
the introduction of a quality assurance system entails. Traditionally, the food
industry in general and the dairy sector in particular have been implementing
quality control systems for some time. The necessary change in quality assurance
requires a change in thinking. It is hoped that this guideline may help make the
transition easier.

2. Quality

Commodity quality has been defined in many ways. Different views certainly do
exist on the subject. ISO 8402 defines quality as the “totality of characteristics of
an entity that bear on its ability to satisfy stated and implied needs”.

The ISO 9000 standard recommends the use of terms as defined in ISO 8402.
However, deviations are permitted, i.e., other definitions may be used. If these
are made the definition of each respective term must be given in the documenta-
tion. For the food industry in general and the dairy industry in particular, I would
suggest using the following definition:

“the quality of a commodity is an expression of that commodity’s ability to fulfil
consumers’ (users’) expectations and comply with producers’ promises” (Figure 1).

The above definition is not in contradiction with the one given in ISO 8402.
However, it underlines the fact that quality is more than the legal requirements
(government regulations and/or norms) that define products, which is part
—but only part— of the “producers’ promises”.

2.1 Comparison between Quality Control (QC) and Quality
Assurance (QA)

ISO 8402 defines quality control as “operational techniques and activities that are
used to fulfil requirements for quality”, while quality assurance is defined as “all
the planned and systematic activities implemented within the quality system and
demonstrated as needed, to provide adequate confidence that an entity will fulfil
requirements for quality”. For the food industry in general and the dairy sector in
particular, the use of the following definitions is suggested:

o

ISO 9000

Two Problems
Involved

Definition of
Quality

Consumer
Expectations

Quality

Producers’
Promises

Figure 1: Definition of Quality

Quality Control
Quality Assurance
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1) Quality Control is those activities that ensure that the materials and ingredi-
ents used in the formulation, and/or that are needed in the production of
products, as well as all the intermediate and end products, are within their
respective (quality) specifications;

2) Quality Assurance is those activities that prevent intermediate and/or end
products from deviating from their respective (quality) specifications.

Although these definitions are not really identical to those given in ISO 8402,
they do not contradict them, are easier to understand and thus easier to imple-
ment in the food industry. Emphasis is placed on the necessity of quality specifi-
cations. Deviations can only be determined if such specifications exist.

Quality
Specifications

Consumer . Producers’
Expectations Qualy Promises

Quality

Quality Control Troubleshooting Assurance

QUALITY
is Produced

QUALITY
by Selection

Figure 2: Interrelationship between Quality, Quality Control and Quality Assurance.

Confidence in company management (internal) and in product reliability (exter-
nal) results from the consistent production of conforming products. Figure 2
shows the resulting relationship between product quality, quality control and
quality assurance.

2.2 Quality (Assurance) System (QAS) and Quality Standards

ISO 9000 is a flexible system to suit varying needs. Each food-producing enter-

prise will determine its own quality policy and standards.

Quality control and quality assurance activities require specifications. ISO 8402
defines specifications as “documents stating requirements”. “A qualifier should
be used to indicate the type of specification such as ‘product specification’, ‘test
specification’, ‘quality specification’”.

It is also necessary to distinguish clearly between the definition of a product
and its quality specifications.

1) Definition: the definition of food products is often given in the regulations.
Legal requirements (standards, norms) state the basic demands which have to
be made on a product. If these are disregarded, the product is simply some-
thing else.

2) Quality specification: a quality specification should go beyond the legal limits
defined and contain more than the minimum requirements.
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The term “quality” should be looked upon in a very wide sense. Quality improve-
ment relates not only to the sensory, nutritional and biological characteristics of a
food product, but also to economic factors and the internal and external environ-
ment under which such products are produced.

2.3 Why Introduce a Quality (Assurance) System?

The European Union (EU) has issued a directive requiring the mandatory intro-
duction of the HACCP concept in the food industry. Some countries outside the
EU have already done so for some branches of the food industry.

Regulations on “Good Manufacturing Practices” (GMPs) have been issued in
some countries for special food products, among them shelf-stable, low-acid foods.

However, at the present time it appears very unlikely that any country will make
legal demands making certification and the introduction of ISO 9000 mandatory.
Despite this, the food industry, and the dairy industry especially, should be keen
to implement the ISO 9000 concept. Competitive strength can only be achieved
and maintained if products with a sufficiently high and consistent level of quality
are produced regularly.

The EU has issued a recommendation that preference be given to suppliers
certified according to ISO 9000. More and more companies will require that their
national and international suppliers be certified according to ISO 9000. Aside of
this, the following advantages can be seen as a consequence of the introduction
of a quality system:

» potential benefits for the dairy (marketing advantages, reduced costs in the
form of less wastage and lower energy consumption, simplified work routines,
continuous quality improvements, etc.,);

e possible risks: quality hazards before and after the dairy, (limited commercial
advantages in the absence of maintenance and the lack of development in
quality policies, objectives and targets to meet changing market demands);

» conclusions: clear policy, sufficient resources, step-wise introduction of the
system and long-term market orientation are required to gain competitive
strength from a quality assurance system;

» one of the major reasons for the introduction of any quality system is the in-
adequacy of quality control procedures. They are often ineffective and always
“after the event”, i.e., not preventive!

2.4 Major Features of Quality (Assurance) Systems (QAS)

2.4.1 The ISO 9000 System

The ISO series contains a number of different standards which describe in general

terms the basic requirements for establishing and maintaining a quality system:

1) ISO 9000 - 1: Quality management and quality assurance standards - Part 1:
Guidelines for selection and use;

2) ISO 9000 - 3: Quality management and quality assurance standards - Part 3:
Guidelines for the application of ISO 9001 to the development, supply and
maintenance of software;

3) ISO 9001: Quality systems - Model for quality assurance in design, develop-
ment, production, installation and servicing;

4) ISO 9002: Quality systems - Model for quality assurance in production,
installation and servicing;

5) ISO 9003: Quality systems - Model for quality assurance in final inspections
and tests;

Quality:
More Than Flavour!

The ISO 9000
Standard
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6) ISO 9004 - 1: Quality management and quality system elements - Part 1:
Guidelines;

7) ISO 9004 - 2: Quality management and quality system elements - Part 2:
Guidelines for services;

8) ISO 9004 - 4: Quality management and quality system elements - Part 4:
Guidelines for quality improvement.

2.4.2 Good Manufacturing Practices (GMPs)

“Good Manufacturing Practices” (GMPs) are guidelines for the production of
safe food products. In some countries, GMPs are mandatory for certain food
products or categories. Since quality systems have a broader scope, the frame of
the ISO 9000 standard is much wider than the requirements of GMPs.

2.4.3 Hazard Analysis Critical Control Point (HACCP)

The concepts of “Hazard Analysis Critical Control Point” (HACCP) is very specific.
One product, one production line and one hazard are addressed at a time. The
documentation has to be prepared accordingly. The concept was introduced to
ensure safe food products for astronauts beyond the level attainable at that time
with traditional control procedures. Since the main objective of HACCP is food
safety, it is now mandatory in a number of countries.

HACCEP is the most powerful internationally recognised tool of quality
assurance available today. Implementation of the concept requires full commit-
ment of the senior management and the implementation of each of the following
steps:

1) identification of the production line (flow chart);

2) identification of the product and its intended use;

3) identification of the hazard to be studied;

4) risk assessment: probability and severity estimate;

5) identification of critical control points; a new risk assessment is recommended;

6) identification of critical control parameters; a new risk assessment could be
performed;

7) for each critical control point or parameter establish:

e the critical limit;

 the target value;

e preventive measures;

e corrective actions;
8) verification procedures;
9) validation procedures; and
10)auditing procedures.
Since HACCP is a powerful tool of quality assurance, a company applying for
ISO 9000 certification should show a clear, written commitment to its introduc-
tion and incorporation into its quality system. However, the documentation is
quite different from the one required by ISO 9000 and in the beginning subject to

very frequent changes. Therefore, the documentation for HACCP should be kept
separate from the one for ISO 9000 (Figure 3).



QACP

Documentation

1SO 9000
Documentation

Quality System

HACCP
Documentation

Figure 3: ISO 9000, QACP and HACCP Documentation

2.4.4 Quality Assurance Control Point (QACP)
Quality Assurance Control Point (QACP) is not an internationally accepted and

recognised term. Although methods and procedures are exactly the same, it is
suggested that HACCP and QACP be distinguished because:

1) the area of concern for HACCP is public health aspects and food safety;

2) many product characteristics are important for food quality but they are not
of significance for public health; their handling and documentation should be
kept separate;

3) the concept is a very powerful tool of quality assurance.

3. The ISO 9000 Standard

Basically, and according to the “quality system hierarchy” (ISO 10 013: Guide-
lines for developing quality manuals), ISO 9000 requires three types of docu-
mentation (Figure 4): a quality manual needs to be prepared; the “Quality System
Procedures” must be documented; and all other “Quality Documents” must be
addressed. The documentation structure shown in figure 4 is a recommendation.
All the issues addressed in the figure must be documented, but the arrangement
is not optimal for all the various branches of the industry.

A quality manual must be prepared for all operations. Factories are organised
and operate according to departments. As indicated in figures 4 and 5, a separate
manual for procedures (“Manual of Procedures”) can be prepared. The documen-
tation of procedures together with instructions and all other relevant information
can be placed in “Department Manuals” as illustrated in figure 5. In any event, it
is important that the documentation is arranged in such a way that it facilitates
the needs of the dairy and provides the basis for as easy an implementation as
possible.

The concepts of HACCP and QACP should be incorporated into the ISO 9000
documentation as much as possible, even if the actual HACCP and QACP
documentation is done separately.

Quality
Manual
(Level A)

Documented Quality Separate
Syste(T PrTcBe)dures Mgnual included i
eve ncluded in
Department

Other Quality Documents Manuals
(work instructions, forms, reports, etc.)
(Level C)

Figure 4: Typical Quality System Hierarchy

QACP

Quality Manual
Manual of Procedures
All Other Quality Documents

Department
Manuals?

ISO 9000
HACCP
QACP
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Department Department Department Department
[ELUE ELUET] Manual [ELUE]

Figure 5: Documentation Structure

3.1 Guidelines

The ISO 9000 family of standards also provides some guidelines as to how a

Ll quality system can be documented. The relevant documents are:

Guidelines
1) ISO 9004 - 1: Quality management and quality system elements - Part 1:

Guidelines;

2) ISO 9004 - 2: Quality management and quality system elements - Part 2:
Guidelines for services;

3) ISO 10 013: Guidelines for developing quality manuals.

4. Proposed Work Plan for Introducing the ISO

9000 System

4.1 General
Change in Quality The 1.mplem.ef1tat10n of a quality system as descrl‘bec.i in t.he ISO 9000 standard is
Philosophy Necessary? a major decision for any company. From the beginning, it should be very clear

that ISO 9000 may require a change in philosophys; it is not merely certification.
It is a continuous process requiring continuous effort!

1SO 9000 Maintaining
Certification the Certificate

Preparation

Figure 6: ISO 9000 A Quality System

With this background and with as great an understanding of the consequences
involved as possible, senior management is required to make some basic
decisions:

a) Do we want to commit our company (dairy) to the implementation of the ISO

9000 standard?
Senior Management . )
Decisions! b) Are we, the senior management, prepared to accept our role in the concept?

¢) Which of the standards (ISO 9001, 9002 or 9003) is applicable to our operations?
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It is important to realise that the introduction of a quality system is only possible
if the senior management accepts its role and responsibility within the frame-
work of a quality system.

When starting the actual work on the documentation necessary for ISO 9000
certification, two major problems may, and usually are, encountered:

1) the amount of work is extremely large and frightening; the documentation is
started but never finished: “And thus the native hue of resolution / is sicklied
o’er with the pale cast of thought” (Hamlet, 3.1);

2) the staff working on the documentation do not sufficiently understand the
benefits in it for the dairy; it is believed that the documentation is being done
for the sake of the certifying authority.

4.2 Preparation for Certification

The certifying authority that executes ISO 9000 certification must be identified
and contacted. The authority does not have to be located in the same country; an
enterprise can require certification from any local or foreign institution which
has been authorised to do so.

4.2.1 The Amount of Work

The documentation required is voluminous! In order to avoid the “frightening”
effect, the work should be started on a very narrow basis and not on all aspects at
the same time. It has been suggested that work commence with the quality manual
and one department. In the dairy industry, either the production department or the
quality control department is usually the most suitable one to start with.

4.2.2 Understanding the Purpose

It is the task of senior management to ensure that the staff fully understand why
it is necessary to prepare the documentation. Two main reasons should be
stressed:

a) the necessity of producing products of uniform quality; and
b) the need for quality improvement.

Quality improvement can be looked upon as a three-stage process (figure 7):

Where Do We How Do We
Want To Be? Get There?

Where Are We?

Figure 7: Quality Improvement Loop

A quality goal can only be clearly defined if the present level of quality is
known! For this reason the question “Where are we?”” needs to be answered.
Documentation is needed to establish the basis for both the specification of the
quality goal and the way to achieve it. The better the documentation, the more
clearly and precisely the goals and means can be defined.

The Start is
Frightening!

Certifying
Authority

Start with the Quality Manual
and One Department Manual

Quality:
Improvement and Uniformity

Definition of the
Quality Goal
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Consumer

Documentation 7
Reactions

Marketing
Research

Control

Figure 7: Quality: Uniformity and Level

4.3 Establishment of a Quality Team
Having reached the decision to proceed, a team needs to be formed. The task of
the team is to:

1) learn as much as possible about the ISO 9000 standards; to this end participa-
tion in a training course can therefore be very helpful;

2) start the documentation work necessary for certification;

3) transfer the accumulated knowledge of the team to a/l other departments in
the organisation, and, since a quality system requires the active participation
of every employee, to every member of staff;

4) follow the definitions laid down in ISO 8402. Any deviation from these must
be listed in the documentation. This necessitates studying the definitions care-
fully and checking that they are being complied with constantly. Unfortunately,
ISO 8402 is not very “reader-friendly”. Therefore, at an early stage of the work,
it is strongly recommended that the definitions given in ISO 8402 be arranged
in alphabetical order!

5) function as teachers and mediators for the staff of the dairy.

Senior management has to provide the means and support needed by the team in
order for it to fulfil its obligations.

4.4 Quality Manual

The term quality manual is defined in ISO 8402 as follows: the quality manual is
a “document stating the quality policy and describing the quality system of an
organisation”. It is also stated that: “a quality manual can vary in depth and format
to suit the needs of an organisation”. ISO 10 013 provides “Guidelines for devel-
oping quality manuals”.

ISO 9000 1ISO 10 013
1. Scope a) Title, Scope and Field of Application
2. Normative Reference b) Table of Contents
3. Definitions c) Introductory Pages on the Organisation
and the Manual
4. Quality System d) The Quality Policy and Obijectives of the
Requirements Organisation

e) The Organisational Structure

f) The Elements of the Quality System

Table 1: Layout of the Quality Manual: ISO 9000 or ISO 10 0137
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In the layout of the quality manual, the recommendation of ISO 10 013 should
be followed.

The quality manual should be relatively short, no more than 30 to 50 pages.
It should always be kept in mind that the quality manual is a public document: it
cannot be handled on a confidential basis. Consequently, all confidential material
should be excluded and documented elsewhere. Reference often has to be made
to such information. In order to facilitate cross-referencing, a coding system
should be developed at an early stage in the preparation of the documentation, a
description of which needs to be included in the manual.

4.4.1 Title, Scope and Field of Application

“The title and scope of the quality manual should clearly define the organisation
to which the manual applies”. ISO 8402 defines an organisation as a ‘“‘company,
corporation, firm, enterprise or institution or part thereof, whether incorporated

or not, public or private, that has its own functions and administration”.

In the dairy industry, milk is often delivered by way of collecting stations. These
may cause a problem in ISO 9000 certification, not because of the principle but
because of the number of stations that might be involved. Milk collection stations
and/or centres are often owned by the dairy. They are also the first point in the
chain of milk-handling where a selection can be made. Whenever their number is
within the limits of inclusion, then they should be included. If, however, the
number is too large, an agreement should be reached with the certifying authority
at a very early stage.

How should the documentation be handled in order to facilitate a volume
which can be handled easily? Sometimes it is better to start the documentation
procedure with the reception area of the dairy, excluding the collecting stations.
Otherwise, the volume of documentation may become too extensive.

4.4.2 Table of Contents
A list of the contents of the quality manual.

4.4.3 Introductory Pages on the Organisation and the Manual
The ISO 8402 definition of “organisation” should be kept in mind (see above,
4.4.1). This section should contain a short description of the company, its structure,
premises and location.
A general description of the layout of the manual should be included.
Information about the manual should contain any general information relating
to the handling of the product, and the administration and authorisation of
personnel. The coding system should also be described at this stage.

4.4.4 The Quality Policy and Objectives of the Organisation
The central part and basis of any quality system is the company’s quality policy.
It is the responsibility of senior management to formulate the company’s quality
policy. ISO 8402 defines quality policy as the “overall intentions and directions
of an organisation with regard to quality, as formally expressed by top manage-
ment”. The language used should be clear and precise but in general terms. It is
important that the company’s commitment to quality is clearly stated.

This section should also contain a description of the system and procedures
used to make the quality policy known to a// employees.

Necessity of a
Coding System

Identify the
Company

Collecting
Stations

The Company, its Location and
the Layout of the Manual

Quality
Policy
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4.4.5 The Organisational Structure

This section of the quality manual should provide a description of the high-level
structure of the company. An organisational chart should be prepared showing
the functions that report direct to the president and/or vice-president(s) of the
dairy. Together with the organisational chart, a job description of each of the
managerial functions should be prepared. These job descriptions should clearly
outline responsibilities, authorities and rights.

President

Sales and

Production Marketing

Personnel Quality Control

Figure 9: Organisational Chart

A problem for many companies is that they have a rather complex organisational
structure at management level: too many functions report directly to the president.
Whenever possible, organisational structures should be streamlined for optimal
function.

4.4.6 The Elements of the Quality System

This section is the largest one in the quality manual. It contains a general
description of the quality system as implemented by the dairy. At this stage, it
is necessary to have a coding system ready because frequent cross-references
are unavoidable.

All the “elements of the quality system” should be addressed in the quality
manual. For this reason, it is recommended that a// the 20 sub-headings under
section 4 of the ISO 9000 standard selected (9001, 9002 or 9003) be compiled in
a list. For the dairy industry, ISO 9002 is usually applicable.



Sub-Section

4.1 Management Responsibility

4.2 Quality System

4.3 Contract Review

4.4 Design Control

4.5 Document and Data Control

4.6 Purchasing

4.7 Control of Customer-Supplied Products
4.8 Product Identification and Traceability
4.9 Process Control

4.10 Inspection and Testing

4.11 Control of Inspection, Measuring
and Test Equipment

4.12 Inspection and Test Status
4.13 Control of Non-Conforming Product

4.14 Corrective and Preventive Action

4.15 Handling, Storage, Packaging, Preservation
and Delivery

4.16 Control of Quality Records
4.17 Internal Quality Audits
4.18 Training

4.19 Servicing

4.20 Statistical Techniques

Points to be Addressed

4.1.1 Quality Policy
4.1.2 Organisation
4.1.3 Management Review

4.2.2 Quality System Procedures
4.2.3 Quality Planning

4.3.2 Review
4.3.3 Amendment to a Contract
4.3.4 Records

4.4 Only applicable to ISO 9001

4.5.2 Document and Data Approval and Issue
4.5.3 Document and Data Changes

4.6.2 Evaluation of Sub-contractors
4.6.3 Purchasing Data
4.6.4 Verification of Purchased Product

4.10.2 Receiving Inspection and Testing
4.10.3 In-Process Inspection and Testing
4.10.4 Final Inspection and Testing

4.11.2 Control Procedures

4.13.2 Review and Disposition of Non-Conforming Product

4.14.2 Corrective Action
4.14.3 Preventive Action

4.15.2 Handling
4.15.3 Storage
4.15.4 Packaging
4.14.5 Preservation
4.15.6 Delivery

4.20.1 Identification of Needs
4.20.2 Procedures

Table 2: Elements of a Quality System (ISO 9000)

A problem may be encountered at this point in the documentation. The layout as |s|g?098$g
recommended in ISO 10 013 does not exactly mirror the layout of the ISO 9000
(see table 1). If ISO 10 013 is followed (which we recommend), reference has to
be made to each chapter referring to the respective ISO 9000 numbering.

A short description should be given of the activities, procedures, etc., that Where Are We?
have been implemented at the present time. In so doing, some shortcomings and
faults may be recognised already at this stage. Of course, these should be
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rectified and the implemented changes documented. It is important that the
documentation mirrors what has actually been done. This provides the answer to
the question “Where are we?” (see above).

4.4.6.1 Management Responsibility (ISO 9000 Standard 4.1)

The company’s quality policy and its organisational structure have already been
discussed. However, management reviews are of paramount importance. The
term ‘management review’ is defined in ISO 8402 as a “formal evaluation by top
management of the status and adequacy of the quality system in relation to quality
policy and objectives”. The following tasks of the management reviews should
be considered and, if found adequate, documented:

1) to ensure that the company’s quality policy is not violated,;
2) to ensure that the documented methods and procedures are followed in reality;

3) to define clearly the goals of short and long-term quality improvement, both
in terms of the actual results to be achieved and the time in which they are to
be achieved;

4) to provide the means necessary to achieve the goals of quality improvement;

5) to ensure that the goals of quality improvement specified are achieved within
the stipulated period.

Specific procedures for these activities should be documented elsewhere. In the
quality manual, reference should be made as to where in the documentation such
procedures can be found.

Management reviews should be regarded as the engine that keeps the system
going: they are necessary to maintain certification!

4.4.6.2 Quality System (ISO 9000 Standard 4.2)

The term “quality system” is defined in ISO 8402 as the “organisational structure,
procedures, processes and resources needed to implement quality management”.
Quality planning is defined (ISO 8402) as “activities that establish the
objectives and requirements for quality and for the application of quality system

elements”.

4.4.6.3 Contract Review (ISO 9000 Standard 4.3)

The term “contract review” has been defined in ISO 8402 as “systematic activi-
ties carried out by the supplier before signing the contract to ensure that require-
ments for quality are adequately defined, free from ambiguity, documented and
can be realised by the supplier”. Such contracts determine the conditions prevail-
ing between the supplier (dairy) and recipient of products.

The dairy should prepare and document procedures which are intended to
ensure that it is capable of fulfilling the conditions of the contract, not only with
regard to quantity and the time of delivery but also with respect to quality.

Procedures should be elaborated and documented with regard to amending a
contract. How should changes and additions to the contract, etc., be made?

4.4.6.4 Design Control (ISO 9000 Standard 4.4)

This section is only applicable for dairies which are developing products. It
usually doesn’t apply.
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4.4.6.5 Document and Data Control (ISO 9000 Standard 4.5)

ISO 9000 states that “the supplier shall establish and maintain documented pro-
cedures to control all documents and data that relate to the requirements of this
International Standard including, to the extent applicable, documents of external
origin such as standards and customer drawings”.

Procedures should be developed, implemented and documented to ensure that
documents are reviewed for correctness. The person or persons authorised to ap-
prove documents and data should be identified by name and position. A system
should be developed, implemented and documented to identify the issue currently
valid. Furthermore, the system should ensure that:

a) the valid issue(s) of the document(s) is (are) available at the locations where
the activities are performed;

b) invalid or obsolete documents are promptly removed from all points of use
and properly disposed of;

¢) any obsolete documents retained for legal purposes and/or the preservation of
knowledge are suitably identified.

The system should also ensure that any changes in existing documentation have
to pass through the same channels of approval.

4.4.6.6 Purchasing (ISO 9000 Standard 4.6)

ISO 9000 requires that “the supplier [dairy] shall establish and maintain docu-
mented procedures to ensure that the purchased product conforms to specified
requirements”.

A separate department for purchasing does not always exist in dairy compa-
nies. This may render documentation unnecessarily complicated — every depart-
ment has to document its procedures separately.

Purchasing procedures for untreated milk are usually well established: the
appropriate procedures are developed, documented and implemented. All other
items needed are frequently purchased by each respective department.

Quality specifications should be developed and documented for all items
which are of paramount importance for the quality of the end product. These
should serve as the basis for purchasing.

A short description should be given of the purchasing organisation and its
procedures in order to ensure compliance with the objectives listed above.

4.4.6.7 Control of Customer-Supplied Products (ISO 9000 Standard 4.7)

This section refers to procedures which are used to ensure that products are
handled, stored and delivered according to acceptable and agreed upon condi-
tions, both with regard to quantity and quality.

4.4.6.8 Product Identification and Traceability (ISO 9000 Standard 4.8)

ISO 9000 requires that “where appropriate, the supplier [dairy] shall establish
and maintain documented procedures for identifying the product by suitable
means from receipt and during all stages of production, delivery and installation”.
A system should be developed, implemented and documented which permits
the identification of end products back to their raw materials (ingredients). A
general description of this system should be included in the quality manual.

Document and
Data Control
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Quality
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4.4.6.9 Process Control (ISO 9000 Standard 4.9)
Any dairy applying for ISO 9000 certification must have a system for process
control. The main feature of any quality (assurance) system is process control.
At this stage, reference should be made to the department manual and/or the
manual of procedures depending on how the documentation has been arranged.

A general description should be included in the quality manual of the process
control procedures applied, including:

a) the manner of production;

b) suitable control equipment;

¢) compliance with reference standards if applicable;
d) monitoring and control of process parameters; and
e) suitable maintenance of equipment.

Always keep in mind that the quality manual is a public document. Confidential
information should not be included in it, but reference should to be made to where
specific facts can be found.

4.4.6.10 Inspection and Testing (ISO 9000 Standard 4.10)
ISO 9000 states that “the supplier [dairy] shall establish and maintain documented
procedures for inspection and testing activities in order to verify that the specified
requirements for the product are met. The required inspection and testing, and
the records to be established, shall be detailed in the quality plan and/or docu-
mented procedures”.

A detailed description of the test procedures applied should be given in the
manual of procedures and/or in the department manual. This should apply to:

a) raw materials;
b) intermediate products; and
¢) end products.

The quality manual should contain a general description of such procedures
and provide references as to where more detailed information can be found.

4.4.6.11 Control of Inspection, Measuring and Test Equipment (ISO
9000 Standard 4.11)

ISO 9000 requires that “the supplier [dairy] shall establish and maintain docu-
mented procedures to control, calibrate and maintain inspection, measuring and
test equipment used by the supplier [dairy] to demonstrate the conformity of the
product to the specified requirements”.

This demands some consideration, since the standard also requires the identi-
fication of “all inspection, measuring and test equipment that can affect product
quality and calibrate and adjust them at prescribed intervals ...”.

The problem is that all instruments and measuring devices used in the dairy
can affect product quality and, consequently, should be calibrated! In practice,
this is neither possible nor necessary. A system should be looked for in order to
reduce the number of instruments to be calibrated.

In the steps outlined for the production of dairy products (see “Production
Manual, Product Files”), a distinction can be made between:

a) process steps;

b) control points;

¢) hold points; and

d) critical control points.

Process steps are stages where no control is exercised at all, either because it is
not necessary or because it is not possible.



Process Steps Hold Point H Process Steps Process Stage

Hold Point Critical Control Process Steps Critical Control
Point Point

Figure 10: Schematic Flow Chart: Production

Control points are stations, functions, processes, operations, etc., where control can
be exercised in order to ensure that the product meets its quality specifications.

ISO 8402 defines a hold point as a “point, defined in an appropriate document,
beyond which an activity must not proceed without the approval of a designated
authority”. Processing beyond the hold point requires clearance by, for instance
the quality control manager or any other authorised person.

Critical control points are stations, functions, processes, operations, etc., where
control can be exercised in order to ensure that the product is safe from a public
health point of view (ISO 8402 defines safety as a “state in which the risk of harm
[to persons] or damage is limited to an acceptable level)”.

Calibration of instruments and measuring devices, etc., can be restricted to
those functions which either control hold points or critical control points. In
addition, the equipment used to analyse or determine the parameters that serve as
a basis for payment (for example, of raw materials) also need to be calibrated.

If a system like the one described above is used, the principles should be
outlined in the quality manual.

4.4.6.12 Inspection and Test Status (ISO 9000 Standard 4.12)

A short description should be given of the procedures used to ensure that all the
products released on to the market meet their respective specifications or that
their release has been granted by an authorised person.

4.4.6.13 Control of a Non-Conforming Product
(1ISO 9000 Standard 4.13)
ISO 8402 defines non-conformity as the “non-fulfilment of a specified require-
ment”. The ISO 9000 standard requires that “the supplier [dairy] shall establish
and maintain documented procedures to ensure that a product that does not con-
form to specified requirements is prevented from unintended use”.

The quality manual should contain a short description of the procedures used
to ensure that the responsibility of deciding on action to be taken with regard to a
non-conforming product is clearly defined and that the product is:

a) reworked to meet the specified requirements;
b) accepted with or without repair;

¢) considered for alternative applications; or

d) rejected or scrapped.

Reference should be made to sections where such procedures are described in
more detail.

4.4.6.14 Corrective and Preventive Action (ISO 9000 Standard 4.14)
ISO 8402 defines corrective action as “action taken to eliminate the causes of an
existing non-conformity, defect, or other undesirable situation in order to prevent
recurrence”’. Corrective action is part of the HACCP and QACP concepts.
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Corrective action should be listed for each (critical) control point. For the dairy
industry, it is recommended that corrective action for the process and the product
be distinguished.
Preventive action is defined by ISO 8402 as “action taken to eliminate the causes
of a potential non-conformity, defect or other undesirable situation in order to
prevent its occurrence”. Again, preventive action is part of the HACCP (QACP)
concept and should definitely be incorporated into a quality system.

As far as the quality manual is concerned, it should be stated that the idea of
corrective and preventive action is incorporated into the procedures, and refer-
ence should be made to where the documented information can be found.

4.4.6.15 Handling, Storage, Packaging, Preservation and Delivery
(ISO 9000 Standard 4.15)

This section of the quality manual should contain a short description of the
procedures used in the areas indicated in the title. Where appropriate, reference
should be made as to where in the documentation more detailed information can
be found.

4.4.6.16 Control of Quality Records (ISO 9000 Standard 4.16)

The ISO 9000 standard requires that “the supplier [dairy] shall establish and
maintain documented procedures for identification, collection, indexing, access,
filing, storage, maintenance and disposition of quality records”.

4.4.6.17 Internal Audits (ISO 9000 Standard 4.17)

The ISO 9000 standard requires that “the supplier [dairy] shall establish and main-
tain documented procedures for planning and implementing internal quality audits
to verify whether quality activities and related results comply with planned arrange-
ments and to determine the effectiveness of the quality system.” A quality audit
is a “systematic and independent examination to determine whether quality activi-
ties and related results comply with planned arrangements and whether those
arrangements are implemented effectively and are suitable to achieve objectives’
(ISO 8402).

It should be underlined here that internal quality audits are a very important
part of any quality system. They are one of the grounds on which the “manage-
ment review” bases its decisions on quality improvement.

The quality manual should contain a statement indicating the commitment of
the company to internal quality audits. A person should be assigned responsibil-
ity for the proper execution and recording of the internal quality audits. A
recording system should be established and reference should be made as to
where in the documentation more detailed information can be found on docu-
mented procedures for such audits. This documentation should include a
schedule indicating the intervals at which such audits are to be executed in
different departments. Before applying for certification, at least one internal
audit should be properly executed and recorded.

]

4.4.6.18 Training (ISO 9000 Standard 4.18)
A quality system requires the participation of every employee. Motivation of the
working staff is of great importance. Training and education are activities which
favour motivation and increase the ability of an employee to execute a task correctly.
A training and education programme should be developed, implemented and
documented. The quality manual should contain a declaration of the dairy’s
commitment to the training and education programme and reference to where in
the documentation more detailed information can be found.
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4.4.6.19 Servicing (ISO 9000 Standard 4.19)

The ISO 9000 standard states: “where servicing is a specified requirement, the
supplier [dairy] shall establish and maintain documented procedures for perform-
ing, verifying and reporting that the servicing meets the specified requirements”.

Dairies usually do not have specified service requirements and, consequently,
this section is not applicable.

4.4.6.20 Statistical Techniques (ISO 9000 Standard 4.20)

Generally, the ISO 9000 standard requirements for statistical techniques seem to
cause problems. The standard demands that:

a) requirements for statistical techniques be identified; and
b) documented procedures be established and maintained.

Obviously, every dairy must already have some sort of reporting system to senior
management in which detailed results are summarised. Usually, the system will
utilise statistics in one form or another.

It appears likely that the introduction of functional management review
procedures will require specific information that has to be summarised statistic-
ally. Graphical illustrations, tables, mean values with their respective devia-
tions, etc., will be necessary.

The existence of such procedures should be indicated in the quality manual
together with a statement as to future needs in this area and, principally, how
those needs are to be met.

4.5 Manual of Procedures
As shown in figure 5 on documentation structure, a manual of procedures can
and should be prepared.

Any manual should, as much as possible, have the same layout as the quality
manual. The following can be considered for inclusion in the “Manual of Proce-
dures”:

a) title, scope and field of application;

b) table of contents;

¢) adescription of the manual;

d) the section on the actual procedures included in the manual.

ISO 8402 defines procedures as a “specified way to perform an activity”. And:
“A written or documented procedure usually contains the purpose and scope of
an activity: what shall be done and by whom; when, where and how it shall be
done; what materials, equipment and documents shall be used; and how it shall
be controlled and recorded.”

The question of whether a “manual of procedures” is actually necessary can
be seen in the following alternatives:

a) aseparate “manual of procedures” has not been prepared. The procedures are
documented in the various department manuals which is where they belong
since this is the document that each department works from. The problem is
that there are some activities that lie outside the frame of department activities,
(see b);

b) a separate “manual of procedures” has been prepared containing only those
procedures which are specific to the activities described in the quality
manual, such as internal audits, management reviews, etc. These activities
are not executed by any specific department and, consequently, the proce-
dures cannot be documented in a department manual;
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c) a separate “manual of procedures” has been prepared containing those
procedures which are specific to the activities described in the quality
manual and, in addition, those procedures that are referred to in the quality
manual;

d) a separate “manual of procedures” has been prepared containing all the
documented procedures.

We would recommend alternative b) since this solution requires a minimum of

documentation work yet still covers the entire operation.

4.6 Department Manuals

Any manual should, as much as possible, have the same layout as the quality
manual. Of course, the optimal layout depends upon the department in question.
The most important aspect is the functional one! Organisational structure will
differ from dairy to dairy and, consequently, no generally valid recommenda-
tions can be given. A common way of looking at different operations is the
following: every operation has an input, a process and an output. The documen-
tation can be arranged accordingly.

“Process”

Figure 11: General Description of Operations

All dairies have a production department which is why it is used as an example
below.

4.7 Manual of the Production Department

A manual of the production department could have a general and a special
section. The general section contains information which is common to the
department; the special section could be arranged in accordance with the differ-
ent products produced. Thus the following layout may result:

I. General section

1) title, scope and field of application;
2) table of contents;

3) location of the department;

4) description of the organisational structure, including job descriptions with the
rights and responsibilities of the different functions;

5) usually the reception of milk;

6) any procedures which pertain to the production department;
7) any instructions which pertain to the production department;
8) cleaning procedures, depending on the operation in question;

9) any other area, activity or function which pertains to the production department.
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IL. Special Section (arranged separately for each product: product files).
1) pasteurised milk for consumption;
2) butter;

3) others.

A flow chart should be prepared for each product. Control points, hold points
and critical control points should be clearly identified in it. For each hold point,
the parameters should be stated on which further passage down the line is
based. In the documentation, the person authorised to release the product for
further treatment should be identified (quality control manager or other person
responsible). Reference should be made to those sections of the documentation
where the parameters are checked (usually the laboratory, i.e., the quality
control manual). Where applicable, control or critical control parameters should
be identified.

If possible and/or feasible, the following should be specified for each (critical)
control point or parameter:

e the critical limit, a critical limit separates acceptability from unacceptability.
Such limits do not have * values. A violation of a critical limit requires
corrective action;

e target value, the target value is the value at which a process is intended to
be executed. Target values may, and often do, have a + value, a range;

e preventive action, preventive action is the implementation of activities
which prevent a critical limit from being violated. Guarding functions,
maintenance, calibration, challenging, etc., are forms of preventive action;

e corrective action, corrective action may be related to the process and/or the
product. What is being done to restore the process and ensure its operation
@ within the critical limit? What is being done with regard to a product that
has been produced under conditions of process deviation?;

e verification,; ISO 8402 defines verification as “confirmation by the exami-
nation and provision of objective evidence that specified requirements have
been fulfilled”. In the production of pasteurised milk, the negative phos-
phatase or peroxidase test is a verification procedure;

* validation; ISO 8402 defines validation as “confirmation by the examina-

tion and provision of objective evidence that the particular requirements for
a specific intended use are fulfilled”.

Product Files

Flow Chart

(Critical) Control
Point/Parameter
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Figure 12: Flow Chart: Production of Pasteurised Milk

The equipment used in the production line should be identified by stating:
 the name of the manufacturing company;

« the kind, type and model of equipment;

 the year of manufacture and/or installation;

 the capacity of the equipment.

It is advisable to identify the equipment by an internal numbering system to which
easy reference can be made. Such identification marks should be attached to each
piece of equipment.

Maintenance schemes should also be listed or referred to, depending on
whether service and maintenance are carried out by the production department or
not. Persons responsible for these activities should be identified.

Specifications of raw materials, intermediate products and end products should
be included in the documentation, or reference should be made as to where in the
documentation material these specifications can be found.

Any procedures and instructions used specifically for the production of the
product under study should be documented here.

The documentation should describe clearly the test methods and procedures
which are used, and not those which should be used. This documentation will
serve as the basis for quality improvement.

As soon as the documentation has been prepared for all departments and at
least one internal audit has been executed and recorded, the dairy is ready for
certification and can apply accordingly.

5. Certification

5.1 General

As mentioned above, the certifying authority has to be identified at an early stage
in the process of obtaining ISO 9000 certification. Different institutions follow
different procedures. All of them require an official request from the dairy and a
certain amount of information. However, already at this stage some differences
may exist.
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In short, the following steps are usually involved in the certification process:
« obtain information from the certifying authority, on how to proceed;

» contact the authorised institution selected and inform it that the dairy believes
it is ready to apply for ISO 9000 certification;

» material is sent by the certifying institution containing among other things a
form for making an official application for certification. Usually, other infor-
mation is also required by the certifying institution;

» the material has to be filled in and submitted to the certifying institution;

 the certifying institution acknowledges receipt of the application and asks
that the quality manual be submitted, usually together with the manual of
procedures and a request for a down payment.

* having studied the material submitted, the certifying institution will be either
satisfied or not. If objections exist, these have to be identified and specified
by the certifying institution and straightened out by the dairy. Eventually, the
application is accepted,;

e an auditing team is dispatched to the dairy in order to study the remaining
documentation and the implementation of the documented methods and
procedures. It is called an external audit. If the audit is to the satisfaction of
the auditors, a recommendation will be given to the board of the certifying
institution which, in due course, will issue the ISO 9000 certificate.

5.2 Cost of Certification

The process of certification is not free of charge. There are costs involved and
different authorised institutions may and probably will have different charges.
When considering the costs of certification, attention should be paid not only to
the actual certification expenses, but to the costs of maintaining certification as well.

6. Maintaining Certification

6.1 General

ISO 9000 certification is not the goal of the procedure, it is the start of an uninter-
rupted process: the continuous operation of a quality system.
Certain requirements are connected with maintaining an ISO 9000 certificate.

6.2 Internal Audits

Internal audits are to be carried out at regular intervals by personnel “independ-
ent of those having direct responsibility for the activity being audited”. The task
of the internal audit is to:

» ensure that the company’s quality policy is not violated;

» ensure that documented methods, procedures, etc., are implemented as
documented;

« ensure that any corrective and/or improvement action suggested earlier is
properly implemented;

» record any deviation from documented procedures;

 list any suggestion for improving methods and procedures, etc.

Suitable records have to be prepared from each of the audits. These records
should be submitted to the management responsible for the area in which the
audit was executed, as well as to the group comprising the management review team.

Cost of
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6.3 External Audits

External audits will be carried out at regular intervals by the certifying institution,
often with a frequency of once a year. Usually, after a period of three years, the
certificate has to be “renewed”, i.e., a complete revision of the ISO 9000 docu-
mentation and its implementation has to be executed.

6.4 Management Reviews

ISO 9000 - 1 states “One of the important activities that the executive manage-
ment of the supplier [dairy] organisation needs to carry out systematically is an
evaluation of the status and adequacy of the quality system, including the quality
policy, in relation to the expectations of the stakeholders. Management reviews
usually take into account many additional factors beyond the requirements found
in ISO 9001, ISO 9002 or ISO 9003. The results of internal audits and external
audits are an important source of information. It is important that the outcome of
the management review should lead to increased effectiveness and efficiency of
the quality system”.

Based on information obtained not only from internal and external audits but
also from summary reports submitted by the different departments and any other
suitable source, the management review should define quality improvement goals.
Graphical presentation allows for rapid evaluation and permits the detection of
trend developments. The statistical evaluation of certain parameters often provides
a more accurate and reliable ground for decisions.

Quality
Improvement

Higher Level Increased i
of Quality Uniformity Costbaving

) 2 ?

Figure 13: Quality Improvement

Quality improvement goals must be stated precisely with regard to the actual
goal and the time in which it is to be achieved. Follow-up procedures must be
developed in order to ensure that the goals are met as planned. For this reason,
adequate funds have to be provided.

6.5 Motivating the Workforce
Any quality system requires the active participation of the total workforce of a
company. Motivation is essential if this is to be realised.

Training and education of the staff is important. Suitable programmes should
be developed by the personnel department. A system for recording these activi-
ties should be devised and implemented.

The staff should be informed at an early stage about any planned activity for
improvement. Information should be given on a regular basis as to progress. Co-
operation within the workforce requires such information. Progress should be
shown graphically if possible. Suitable procedures will have to be devised from
case to case. The responsibility of ensuring that the information is given in a
suitable way rests with the department manager.



| NN T T o

14. Troubleshooting

Summary

Troubleshooting refers to those activities which need to be activated if a process
or a product deviates from its respective definitions or specifications. Problems
can be solved in an intuitive way by immediate action or by first systematically
analysing the situation. Troubleshooting activities, particularly systematic
troubleshooting, can be rather expensive, especially if the goal is to identify the
cause of the problem. Only then can action to prevent repetition of the fault be
taken. Intuitive problem-solving cannot be discussed in any detail. The system-
atic approach requires information and data. In the present chapter, the system-
atic approach of microbiological troubleshooting is discussed in some detail.

1. General

The pre-condition for effective troubleshooting is the existence of suitable quality
specifications. Troubleshooting activities have to be implemented as soon as a
product (or where applicable, a process) deviates from the specifications or when
a trend towards such a deviation has become evident.

One of the more expensive faults is the attempt to solve a problem which
doesn’t exist.

Troubleshooting is often done in an ineffective way. The following mistakes
(261) are common in microbiological problem-solving:

Troubleshooting Requires
Quality Specifications!

a) the fault is not the subject of the investigation: an imagined defect is rectified;

b) quick technical adjustments change the situation to such an extent that an
analysis is no longer possible. In addition, new faults are often introduced.
Uncontrolled action leads to gaskets being changed, connections being tight-
ened, equipment being adjusted and cleaned, and so on. Parameters are “cor-
rected” without knowing why. Having taken all these actions, the problem often
disappears. However, the different measures are neither co-ordinated nor re-
corded and many activities are executed simultaneously;

c) often more than one reason can cause or contribute to the problem. The most
important reason, however, is not identified;

d) shortage of time, lack of personnel, and organisational inefficiency contribute
to the confusion;

e) a systematic bacteriological analysis is either not done or the results are not
correlated to the technical findings.

Basically, problems can be attacked in two different ways:

1) by the intuitive; or
Two Ways to Solve Problems:

2) the systematic approach. By Intuition or Systematically

There are advantages and disadvantages to both.

2. The Intuitive Approach

Intuitive troubleshooting is the non-systematic approach to problem-solving. The
first step is action. Consequently, it can be very quick, which is its main
advantage. Time is a very, if not the most, important aspect of troubleshooting
(261). In addition, intuitive problem-solving is inexpensive. On the other hand,
the cause of the problem is not always identified and, consequently, no action
can be taken to prevent its repetition. This is the main disadvantage. Further
disadvantages with the approach are that not all problems can be solved and
intuitive troubleshooting cannot be taught. It requires experience, intuition and
luck.

Intuitive Troubleshooting is Fast
but Does Not Identify the Cause!
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One of the problems which cannot be solved by the intuitive approach is shown
in figure 1. When a production line commences commercial operation, opera-
tional experience is obtained and used to improve the “production quality level”.
However, after a certain period of time, additional experience is applied to
“make the job easier”. Most people are lazy! As a result, the level of production
quality gradually falls until a situation is reached where the “level needed for
successful marketing” is no longer maintained. The staff involved in the process
are unaware of what is happening. Changes are not made intentionally! Thus,
problems result which are very difficult to solve since they are caused by a
relatively large number of mainly operational mistakes, each one of which would
be of minor significance on its own.

Product Quality Level

Level Needed for Sucessful Operation

Time

Figure 1. Development of the “Production Quality Level” over Time

Such problems can be prevented by regular technical audits executed by an expert
outsider, a system, which some larger companies have adopted (144).

3. The Systematic Approach

In systematic troubleshooting, the first step is thinking: existing data are ana-
lysed, a theory is formed. Usually additional information is needed which should
be collected in the right way. By gathering and scrutinising information, the area
causing the problem is successively narrowed.

This can be done either by

e identification or

» exclusion.

Systematic troubleshooting is teamwork. Members of the team should
represent quality control, production, and the department where the problem is
most likely to be located. Proper training of the permanent members of the
troubleshooting team is necessary: thorough knowledge of the products and
technology involved is required.

The main advantage with systematic troubleshooting is that the cause of the
problem is identified and, consequently, measures can be taken to prevent its
repetition. In addition, all problems can be solved even though it may take
considerable time to arrive at their solutions. Systematic troubleshooting can be
taught.

Because of the time factor involved, pure systematic troubleshooting is rarely
used in practice. Consequently, the cause of a problem is not clearly identified,
the location of the fault is only traced to certain areas. Fault frequencies can be
established and used for preventive action. However, process optimisation based
on fault frequencies is impossible (262). Systematic troubleshooting may be very
time-consuming and expensive.
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In a long-life product production line, the source of microbiological problems
can be expressed in a simple equation:

Defect Rate = Process Survivors + Reinfection.

If all microorganisms are killed by the sterilisation of the product and packag-
ing material, and if reinfection of the product is eliminated, the resulting defect
rate is zero.

Microorganisms surviving UHT treatment of low-acid products are always
Gram positive organisms, often thermophilic bacteria, and usually spore-formers.
Though relatively rare, the most common sources are high spore counts in the
raw materials and/or intermediate products. If powders are used in the formula-
tion of the product, proper soaking is essential.

Failure of the UHT process as such is less frequent. On the other hand, re-
infection often results in a mixed flora dominated by vegetative, non-spore-forming
microorganisms (80). However, pure reinfection with spore-forming microorgan-
isms is also possible, particularly as a consequence of inadequate cleaning and
equipment sterilisation as well as by leakage in heat exchangers and other
equipment operating at a temperature above ~ 80°C.

In practice, a mixture of intuitive and systematic troubleshooting is usually
applied. A major danger with systematic troubleshooting is outlined in figure 2.
A problem is encountered and some, usually insufficient, data are available
relating to the problem. Consciously or unconsciously, a theory is formed as to
where the problem is located. Next, an experiment is designed to prove the
theory, but not to disprove it! In this procedure, only data is collected which on
the surface support the theory. After some time, the people involved are honestly
convinced that their theory is correct. The results and findings are reported to
management and from that stage on prestige is part of the process. Once prestige
has come into the picture, the issue is no longer that of identifying the cause of
the problem and solving it, but of proving that I am right.

Experiment to
Disprove Theory

Problem H Data * Theory » ?:232 ?::;rt;
Short Circuit I

Prestige « k Conviction

Figure 2. Danger with Troubleshooting

A typical and common situation is the following (figure 3) (261). In an operation,
fifty packages are routinely taken for incubation from each of two filling machines
(A and B) in a production line. On one occasion, one defective package is found
in the sample taken from filler B and none in that taken from filler A. Knowingly
or unknowingly, a theory is formed: the problem is located in filler B. To prove
the theory, additional samples are taken from filler B but not from filler A which
would disprove the theory. Obviously, in so doing, only evidence that points to
filler B is accumulated, thus giving further support to the theory.

A Common Fault in
Troubleshooting

B—®

1/50 0/50
Resampling: 500 Packages 0 Packages

Figure 3. Faulty Re-sampling in Trouble-
shooting
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3.1 Microbiological Troubleshooting

What is a microbiological problem? The question really is: what does the
consumer expect from a food product! Does the consumer demand perfection or
not? Here a distinction should be made between the consumer as an individual
and consumers as a group. The individual consumer does not anticipate that the
package he or she picks up from a shelf is unsterile: the individual customer
expects perfection. The consumer group reacts differently.

A certain, albeit limited, defect rate is acceptable, i.e., it does not interfere
with marketing. The acceptance level differs for different products and consumer
groups but is larger than zero. It is very important to keep this in mind.

After proper incubation, is the detection of one defective unit in a sample a
problem? Opinions differ on the subject. For the reason outlined above, sterilis-
ing processes do not kill all bacterial spores. They achieve a certain number of
decimal reductions in spore counts. Consequently, there have to be “process
survivors” even if their number is very low. Other sources of failure such as
reinfection must also be considered.

Assuming a production of 100,000 packages, one of which contains a surviving
bacterial spore capable of growth and multiplication, i.e., one potentially unsterile
package. If a sample is drawn from this batch (production run), there is a certain,
albeit very limited, probability that the unsterile package will be included in the
sample. Although the detection of one unsterile package is not necessarily a
problem, every defect unit found in a sample of limited size should be regarded
as an indication of a possible problem: re-sampling procedures should be
implemented.

Microbiological problems are usually detected first after the elapse of some
time. Proper incubation and the evaluation of samples are needed before recog-
nisable defects can be detected. Consumer complaints take even more time. Ret-
rospective searches to trace the cause(s) of end-product failure are easier to carry
out if all relevant records have been completed conscientiously and correctly (86).

If a spoiled product is encountered, it is important to decide whether the
spoilage is caused by microbial development or not (84). For this reason and for
purposes of “rough identification”, a streak should be prepared using normal
“plate count agar”. The total count as such is of no interest (158). To determine
such counts is an unnecessary and expensive exercise.

As outlined above, the first step in systematic troubleshooting is to form a
theory. The accuracy of the theory is determined by the exactness and amount of
information available. Usually, the information at hand is insufficient and
inconclusive and, consequently, additional information needs to be gathered.
What kind of basic data is required and/or may be helpful?

The factory surroundings are of relevance. In addition, it is necessary to
gather information on:

1) the equipment involved;

2) the installation;

3) the type of product produced;

4) the tightness of the packages;

5) the size of the problem;

6) the type of product spoilage;

7) the type of spoilage flora (86);

8) the distribution of spoiled packages over the production run;

9) the history of the problem.



Systematic troubleshooting is like solving a puzzle. Information has to be
gathered, put together, analysed and, most important, the different items of
information have to fit together. Then and only then will a clear picture emerge!
Machine operator records on processing and packaging are naturally exam-
ined for the detection of operational faults and events. When evaluating data of Reliability
any kind, the reliability of the source should also be considered. e naten
Basically, a distinction should be made between three “classes” of informa-
tion:
a) information which is gathered by the “troubleshooter(s)”: facts, procedures
and methods are known — the most reliable source of information;

’9

b) information which is gathered by someone known to the “troubleshooter(s)”:
the source of information with his strengths and limitations is known; this
information is of less reliability;

¢) information which is obtained from an unknown person; nothing is known
about his reliability. Everybody reports what he or she thinks is right! The
information should be treated with caution.

It should be kept in mind that the reporting of facts and results is subjective. They
are not always “knowingly” falsified, but are presented in the way as seen and
perceived by the person concerned. Lack of data is one dilemma, too much and
often irrelevant and incorrect information may be another! As far as possible,
relevant information should be summarised and critically scrutinised.

Based on the “theory” formed from the information available, additional data
are usually required. Do keep in mind that data collection should be aimed at both
proving and disproving the theory.

3.1.1 The Equipment
At home base, this is not, or should not be, a problem: the equipment should be
known. However, the lack of knowledge about equipment among the quality
control staff is a shortcoming. By the same token, production staff often have a
very limited knowledge of laboratory work.

Frequently, outsiders lacking a basic knowledge of the equipment used are
involved in problem-solving. They have to know what kind and make of equip-
ment is involved, and how old and well maintained it is.

3.1.2 The Installation

The way equipment is installed may or may not have an impact on the results
obtained from a production line. Again, at home base this should not be a problem,
but outsiders are not familiar with the installation. In any event, a flow chart should
be prepared outlining the basic functions of the production line(s) affected.

3.1.3 The Type of Product
Depending on their composition, different products permit the growth of differ-
ent microorganisms. The kind of product changes inflicted by microbial growth
depend on the kind of product in which they develop. It is important to know the
basic composition of the product, particularly if sugars have been added — how
much, and of what kind.

Powders used in the formulation may be insufficiently soaked. Soaking pro-
cedures are critical and should be described in a flow chart.

155

| NN T T o [T 1T 11 ||



| NN T T s

3.1.4 The Size of the Problem

The level of unsterility is often expressed in per cent. Even though a percentage
figure is informative in itself, it is far better to state the number of containers
tested and the number of defective packages found, as this will permit the use of
the Poisson distribution graph. In this respect, information on the conditions of
incubation (time and temperature) and methods of evaluation is necessary.

3.1.5 The Type of Product Spoilage

Product changes must be described (84). They should include pH, gas formation
(“blown” packages), coagulation and the type of coagulum (soft, hard, “broken”,
etc.,), whey separation, smell and/or taste (questionable because of a possible
risk of pathogenic microorganisms being present), and any other pertinent
change. From a microbiological point of view, typical product changes can be
expected only if the unsterility is caused by a pure infection, i.e., a single kind of
microorganism only.

3.1.6 The Types of Spoilage Flora
One of the first questions should be (80): what type(s) of microorganism is (are)
causing the unsterility? This information is usually very helpful, but often not
available.

For this reason, a “rough identification scheme” has been developed which is
easy to execute, inexpensive, quick, and in almost all cases sufficient for the pur-
pose at hand. It is, however, not scientific!

Unsterile
Package

Streak Agar Plate

Gram Positive Gram Negative

M
—

The Types of Spoilage Organism

are Important Information
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Catalase
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Oxidase
Positive

Oxidase
Negative

Catalase
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Catalase
Negative

3

Bacillus
Actinomyces

Figure 4. Rough Identification Scheme

3

Lactobacillus

3

Pseudomonas

3

Entero-
bacteriaceae

3

Micrococci Stre,

ptococci

The “rough identification scheme” divides the spoilage organisms into six

rather large groups of microorganism (figure 4). Each of these indicates a certain,

different source of infection. Bacillus is the most heat-resistant group and

Pseudomonas the most sensitive. The temperature limits for effective killing are
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presented in table 1 below. Because the groups comprise a large number of dif-
ferent bacteria, the temperature limits have to be treated with caution. The im-
portance of conducting such an analysis has been stressed in the literature (159).

When opening packages for microbiological analysis, aseptic conditions are
desirable but not necessary. The number of spoilage organisms in the spoiled
product is so high that a certain amount of contamination during handling and
opening can be ignored (159). A distinction should be made between mixed and
pure infections. Only one kind of microorganism causes a pure infection, whereas
more than one kind are involved in mixed infections. To begin with, these should
be regarded as “pure” infections caused by the most sensitive organism.

The most important tool of troubleshooting is common sense! Some micro-
biological knowledge is required for interpreting correctly the results obtained by
the rough identification scheme. All pertinent information has to be considered
and must fit together. The groups of bacteria identified (figure 4) are indications
and not proof. In table 1, an attempt has been made to list some possible sources
of contamination together with the effective temperatures for killing the bacteria

Mixed and
Pure Infections

Rough
Identification

Different Information

o Must Fit Together!
in different groups.
Bacillus do not multiply in high-acid products. Typically, they are proteolytic
causing a bitter flavour and a soft coagulum. Gas is produced only rarely. Lacto-
bacillus, Streptococcus and Enterobacteriaceae attack carbohydrates rapidly, form-
ing acid and often gas. The pH usually drops well below 5. Actinomyces, Micro-
coccus and Pseudomonas cause limited product changes only. Pseudomonas may
temporarily even raise the pH and develop a fruity or fishy off-flavour.
When bacteriological problems occur in long-life milk, the cause can be
either (177):
a) the survival of heat-resistant spores; or
b) a secondary contamination (reinfection).
Indicator Effective Process Survivors Source
Organism Killing Reinfection
Temperature
Bacillus > 100°C Process Survivors Intermediate Product,
Equipment, Pack.Mat.,
Actinomyces > 90°C Both Air, Dust
Lactobacillus > 80°C Reinfection Milk, Aerosols, Human
Streptococcus > 80°C Reinfection Milk, Aerosols, Human
Micrococcus > 80°C Reinfection Milk, Aerosols, Human
Enterobact. > 75°C Always Reinfection Milk, Human
Pseudomonas > 65°C Always Reinfection Water, Milk, Aerosol
Table 1. Source and Heat Sensitivity of Indicator Organisms
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A high percentage of the defective packages in 25 cases of unsterility contained
pure cultures of spore-forming bacteria growing at 30°C (177).

Type of Infection Number %
Total Number Tested 25 100
Mesotrophic Spoilage 18 72
Thermophilic Spoilage 16 64
Spore-Formers Only 19 76
Mesotrophic Spore-Formers 6 24
Thermophilic Spore-Formers 8 32
Mixed Infections 3 12

Table 2. Spoilage Flora in Unsterile Packages

The raw milk used had unusually high counts of bacterial endospores: average
2,100/ml, range: 1 to 13,600/ml (177). This may have caused the majority of cases
of unsterility. However, a reinfection with spore-forming and other bacteria is
clearly indicated because of the incidents of mixed infection.

3.1.7 The Distribution of Spoiled Packages

When plotting the number of unsterile packages found against the production time,
a pattern will emerge (84) which can provide valuable information. A sufficient
number of unsterile packages is therefore needed, amounting to five or even more.
Re-sampling is sometimes necessary to achieve that number. However, it should
be borne in mind that usually other data have to be gathered and fitted into the
overall picture: patterns indicate areas alone, but are seldom proof in themselves.

Basically, the following regularities can be observed:

The defect rate may be high at start-up, followed by a “wash out”. Towards
the end of production, the unsterility rate may or may not increase (Pattern A,
figure 5). Such a situation is often, but not always, encountered when plant steril-
isation (cleaning) problems exist. Due to a pressure drop during start-up of the
filling operation, leakage in the cooling section of the UHT equipment can also
result in such a pattern. Other explanations are possible.

Defect Rate Defect Rate

Pattern A Pattern B

Production Time Production Time

Figure 5. Distribution of Unsterile Packages

The first part of production may be sterile followed by a sudden (Pattern B,
figure 5) or a slow (Pattern D, figure 6) increase in unsterility.
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Defect Rate Defect Rate

Pattern C Pattern D

Production Time Production Time

Figure 6. Distribution of Unsterile Packages

Operative errors or machine faults may cause such a pattern. The change to a new Defect Rate

batch of intermediate product should also be considered as a possible cause. A

change of packaging material in combination with a lack of personal hygiene, as

well as other sporadic failures, can explain such a pattern.
Defective packages may be evenly distributed over the total production run

(Pattern C, figure 6). Faulty sterilisation of the product and/or packaging mate-

rial, and many other reasons, may result in such a picture.
At a certain time, one or more peaks of unsterility may be observed with no

unsterility before or after (Pattern E, figure 7). Such sporadic unsterility is rather

frequent (80). Often operative faults are the explanation. Production Time
Obviously, these pictures indicate different causes. Figure 7. Distribution of Unsterile
A better and more informative way of presenting such a diagram, especially if Packages

the installation contains more than one filling machine, is shown in figure 8.

Production Time I

: St
Sterilisation |
Flller B
Sterilisation i i

Production

Pattern E

(] Flller A

Production R S R L R R

Flller C

Sterilisation i i i

Production T

Figure 8. Incidences of Unsterility and Changes in Production

A time axis represents the total production run, starting from sterilisation of the
equipment to the end of production. For each individual filling machine, occur-
rences, such as changing the packaging material blanks, reels (R) or longitudinal As Much Information As
. . Possible Should Be Included!
strip (L), stops (S) and starts (St), etc., are entered. All the relevant changes in
production conditions are included, such as changing from a steriliser to a sterile
tank and back, etc. In the above diagram, the incidence of unsterile packages is
marked accordingly. Often there is a correlation between an event and unsterility
which indicates that the event may have caused the problem.
The information included in the above diagram is obtained from records. These
may either be electronically recorded or automatic “print-outs” from the equip-
ment recording systems or manually prepared machine-operator protocols. Auto-
matic records should contain the date of production, the time that production was Machine Operator
started, and should be signed by the machine operator and supervisor in charge. Records
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Manual records should be treated with caution:

a) the primary task of machine operators is to attend to the equipment. Record-
keeping is of secondary importance. If a problem occurs, the operator is
supposed to attend to the problem first. At best, protocols are filled in “after
the event”. Consequently, time statements are usually not accurate to the
minute (only in the order of magnitude);

b) if a machine operator makes a mistake, it is not likely that his error will be
mentioned in the record. Either the event will not be listed at all, or some-
thing else “documented” in its place.

3.1.8 History

‘What has happened in the past? Is unsterility a single occurrence or not (84)? Often
such information is not available and cannot be generated. By studying laboratory
records and consumer complaints, valuable information can sometimes be gathered
from the past. Again, diagrams should be prepared (figures 9 and 10).

Defect Rate

| Pattern A I | Pattern B

Consecutive Production Runs Consecutive Production Runs

Figure 9. Unsterility: Its History

In such diagrams, certain regularities may or may not be evident. Unsterility may
increase from production run to production run (figure 9, Pattern A). Such a
pattern indicates a systematic fault, an example of which is defects caused by the
wear and tear of equipment (159). The defect rate may be approximately the same
all the time (figure 9, Pattern B), for instance, a persistent fault such as insuffi-
cient soaking procedures for powders. Sometimes no regularity is discernible at
all (figure 10, Pattern C). This may be due to the lack of regularity or may be
caused by choosing the wrong group. Rearrangement by, for example, plotting
the days of the week, may result in a pattern. This can be done by accumulating
the results from the production runs on Mondays, Tuesdays, Wednesdays and so
on. Unsterility may be so sporadic, so occasional that a systematic analysis be-
comes impossible. Such faults have to be included in the AQL. (159).

Defect Rate

Pattern C

Consecutive Production Runs

Figure 10. Unsterility: Its History
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In this type of diagram, different product groups should not be mixed. High-acid
and low-acid products (even if produced on the same production line) must be
treated separately.

3.2 Zero Sampling

The purpose of systematic troubleshooting is to narrow, step by step, the area in
which the fault most likely exists. This can be done either by identification or by
elimination. In this connection, the answer to the question: “Is the problem
located before, during, or after the filling operation?” is of considerable interest.
For this purpose, zero samples are often used.

Steriliser

Aseptic Tank

Zero Sample

Steam
Trap Zero
A, B and C: Filling Machines Sample

Figure 11. Zero Sampling

Sampling devices are introduced at different places in the production line (figure
11). The product is sampled at these spots, incubated and analysed for microbial
growth. If the sample is found to be negative, it is assumed that the problem
originated after the spot at which the sampling device was installed. The problem
is the limited volume of product that can be taken for analysis (262).

This is generally true but particularly if the characteristic under study is an
attribute (such as “unsterility”). This is shown in figure 12.

99 x 1-Litre Packages

. = A Living Bacterium
1-Litre Zero Sample

Figure 12. Zero Sampling of an Attribute

In the example above, a receptacle contains 100 litres of product in which one
living bacterium is present. When the product is filled into 1,000 ml cartons, one
of them will be unsterile: a defect rate of 1%! Simultaneously with the filling
operation, a zero sample of one 1-litre volume is drawn. The probability of
catching the bacterium in the zero sample is small: on average, one per 100 trials
will give a positive result, and 99 will indicate that the problem is after the recept-
acle! As the volume of the zero sample increases, the probability of finding the
bacterium in the zero sample also increases. The same applies if a larger number
of living bacteria (i.e., a higher defect rate) is present in the container.

Limitations of
Zero Sampling
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Figure 13. An Alternative Procedure to Zero Sampling

In production lines with more than one aseptic filler, a better and more accurate
way of locating the problem is to compare the defects sampled from different
filling machines (figure 13).

Packages for incubation are drawn from each filling machine (A, B, C and D)
in the production line. Observe that equal volumes have to be compared. If each
of the fillers produces the same package volume, the same number of packages
should be sampled from each filling machine. Assume filler A produces 1,000 ml
packages and filler B 250 ml packages. Four times as many packages will have
to be sampled from filler B than from filler A.

Prior to incubation, four 250 ml packages are “bundled” and regarded as a
single unit. Irrespective of whether one, two, three, or all four packages are un-
sterile, they are still regarded as one package (figure 14).

Using statistics, it can be established whether any difference in the number of
unsterile packages found is significant or not. A significant difference indicates a
fault in the filler, while absence of significance points to a common cause to the
problem, i.e., the product supply.

250 ml 1000 mi . = Unsterile Package

= Sterile

= 1 Unsterile Unit

= 1 Unsterile Unit

= 1 Unsterile Unit

= 1 Unsterile Unit

Figure 14. “Bundling” Packages When Different Volumes Are Produced



Lowest No. 20% Error Risk 10% Error Risk 5% Error Risk

0 4 8 6
1 6 7 8
2 7 9 10
3 9 10 12
4 10 12 13
5 12 13 15
6 13 15 17
7 14 16 18
8 16 18 20
9 17 19 21
10 18 20 23
11 20 22 24
12 21 23 25
13 22 24 27
14 23 26 28
15 24 27 29
16 26 28 31

Table 3. Significance of the Difference in Sampling from Two Fillers in the Same
Production Line

Table 3 has been calculated (197) in order to assess whether or not the difference
found in two different samples is significant.

Using the installation shown in figure 13 and assuming the same package
volume for all four fillers, the application of table 3 can be demonstrated by the
example below. An equal number of packages is drawn from each filler, incu-
bated and evaluated.

Example 1:

Two defective packages are found in the sample from filler A and none in the
other three fillers. Does this result indicate a fault in filler A? Is the difference
between two defective packages and no defective packages significant? Consult-
ing table 3, a minimum of four defective packages is needed to reach the “20%
error risk” level: the difference cannot be regarded as significant. To clarify the
situation, more samples should be drawn from all fillers.

Example 2:

Eight defective packages are found in filler B, one in filler D and none in the other
two fillers. Is there a significant difference between filler B and the others? Again,
consulting table 3, the “5% error risk” level is reached in a comparison between
filler B and the others. In all likelihood there is a fault in filler B. The one defect-
ive package found in filler D should be taken as a strong indication that re-sampling
is necessary (see Example 1).

Of course, table 3 can be used to evaluate any comparative attribute sampling
situation.
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4. Examples of Troubleshooting

1. General

Considering the very large number of long-life, low-acid food products on the
market, very few cases have so far been reported in the literature of long-life
products and long-life milk being suspected of causing food poisoning.

Usually, the information available on cases of microbial spoilage of long-life
products is insufficient to identify the cause of the problem. This is particularly
true if a mistake has caused unsterility. This can be illustrated with two examples.

2. Operational Faults

2.1 “Sudden Unsterility”

The normal production schedule of a manufacturer of long-life milk was about
22 hours followed by cleaning and sterilisation of the plant: a typical three-shift
operation. The installation was straightforward (figure 1): a UHT steriliser
connected to two aseptic fillers.

On one occasion, the following situation evolved: a production run of 36 hours
was scheduled. One of the filling machines was “clean” throughout the entire
production period. The other was sterile for about 24 hours and then suddenly
showed ~100% unsterility (figure 2).

100% Unsterility

Figure 2. Unsterility

After cleaning and sterilisation, production was resumed the next day and both
fillers showed a satisfactory result.

This is a typical example of an operational mistake. However, neither the
print-out chart in the filler nor the machine operator protocol gave any indication
of a fault. The exact reason for the failure will never be identified, it can only be
speculated on.

2.2 “Sudden Unsterility”

A very serious situation evolved in a plant producing high-acid, long-life products.

The production schedule of the plant was rather unusual in that it violated GMPs.

Production commenced on Monday morning and continued until noon on
Saturday. The system was cleaned on Saturday afternoon and sterilised on
Monday morning before production restarted. The installation was straightfor-
ward and simple.
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Figure 3. Example of Unsterility: Cleaning Arrangement

A product steriliser was directly connected to four TBA/9 fillers. A separate
cleaning line was connected by manually operated valves to each of the four
fillers (figure 3).

The following situation developed:

~100% Unsterility

— —

Saturday = Monday Saturday = Monday

Figure 4. Example of Unsterility: Pattern

Up to the Saturday, production was acceptable. On the following Monday, from

start-up to the end of the run on Saturday, one of the four fillers became 100%
unsterile. After cleaning and sterilisation, production commenced on the following
Monday morning, and all four machines showed a satisfactory result: a typical

indication of an operational error. Again, records did not reveal anything unusual.

The exact cause will never be identified. In this case, however, it appears most
likely that the manually operated cleaning valves were operated incorrectly,
excluding the affected machine from the cleaning cycle.

Even though, the actual cause of the above problems was never clearly identi-
fied, the fact that they were caused by operational errors is of some help. The
likelihood of repetition can be reduced by either better supervision and/or by
revising operational procedures (QACP concept).

3. Cases From the Literature

Some cases of microbial spoilage of low-acid, long-life products have been de-
scribed in the literature. However, the information which can be extracted is very
limited, as illustrated by the three cases below. A clear identification of the cause
of spoilage is therefore not possible.
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3.1 Example One

A normal production run. No complaints from the market were registered.
Nevertheless, quality control regularly found large numbers of samples having
severe sensory faults: after incubation, the milk tasted sour and had a pH of 6.15.
Microbiological checking revealed a count of about 10® spore-forming bacteria/
ml. Vegetative microorganisms were not found. Milk samples collected from the
market were also infected but the number of germs was too low to cause recog-
nisable spoilage. The laboratory incubated the samples at 40°C, a temperature
high enough to permit multiplication of thermophilic organisms (80), but higher
than the normal environmental temperature, hence no complaints.

3.2. Example Two

A total production run was affected. The problem was not detected in the normal
quality control but rather from market complaints. The milk had a very bitter taste
and an unpleasant smell. Plating and incubation at 30°C did not reveal any microb-
ial growth. However, after 24 hours at room temperature, abundant development
of Pseudomonas was observed (80).

3.3. Example Three

Long-life cream developed an offensive flavour. The inner polyethylene coating
had become partially removed from the aluminium foil. Microbiological analysis
showed that the massive infection was caused by Pseudomonas. In order to clarify
whether or not delamination was the cause or the consequence of the infection,
good packages were inoculated with material from spoiled ones. All the inocu-
lated packages developed the same delamination fault (80).

4. Hypothetical Examples

The following examples are based on more than 25 years of field experience in
microbiological troubleshooting. The cases are slightly simplified and adapted to
demonstrate systematic troubleshooting.

4.1 Leakage in the Final Cooler of the Steriliser

Systematic troubleshooting requires the collection of information.

4.1.1 The problem

During normal production, about 50 packages are randomly sampled from each
filler and production run. In addition, aimed samples are taken at start-up of the
filling operation and after each stop and re-start and change of packaging material.
The sampled packages are incubated for five days at 30°C and evaluated by sens-
ory change and pH determination. One day, one defective package was found
from filler A. Re-sampling was carried out on all three filling machines, collect-
ing 500 packages from each filler. After incubation, an additional four defective
packages were detected. By plating (streak), it was determined that the spoilage
was caused by microbial growth.

4.1.2 Equipment and Installation
The UHT steriliser is a tubular heat exchanger produced by company A. It has
been in operation for approximately five years. The capacity of the steriliser is
stated to be 9,400 litres/hour. Three aseptic filling machines supplied by com-
pany B are connected to the steriliser. Each of the filling machines has a nominal
capacity of 3,000 litres/hour. The filling equipment is of the same age as the
product steriliser (figure 5).

A spring-loaded, counter-pressure valve provides the filling pressure needed
by the three (A, B, and C) filling machines.
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4.1.3 The product
Plain, white, long-life milk.

4.1.4 Re-Sampling

A total of 1,650 random samples and an additional 100 aimed samples were tested.
Four unsterile packages were found equalling 0.3% of the sample. A check of
package integrity did not reveal any indication of a leakage problem.

4.1.5 Evaluation

The sensory changes recognised were a bitter flavour and a fishy smell. The pH
of the spoiled milk was 6.9.

4.1.6 Product Changes and Spoilage Flora

Product changes had already indicated the presence of Pseudomonas. A quick test
with 3% KOH solution showed slime development. The Nigrosin stain revealed
rods. By Gram staining, the result of the KOH test was confirmed: Gram negative
rods. The oxidase test resulted in the development of a dark brown colour: oxidase
positive, confirming the indication of the “Pseudomonas” group.

4.1.7 Pattern

By arranging the five unsterile packages in a time diagram, a pattern was shown.
The figure strongly indicates a connection with start-up and re-start of the filling
operation (figure 6). Defective packages were also found in all three filling
machines at about the same level of unsterility:

[ 4
Filler A . .
* —_— ﬁ I
Filler B o
[ | [ | [ | [ |
Filler C [ )

0 1 2 3 4 5 6 7 8 9 10 11 12
Start-up of Filling, Re-Start after Stop . Unsterile Package
. Change of Packaging Material End of Production

Figure 6. Example of Unsterility: Pattern and Production

 Filler A: 3 out of 640 packages tested were not sterile: ~0.5%
» Filler B: 1 out of 630 packages tested was not sterile: ~0.2%
» Filler C: 1 out of 630 packages tested was not sterile: ~0.2%

4.1.8 History

No information was available as to the “history”, i.e., previously encountered problems.

4.1.9 Analysis
An evaluation of the aimed samples did not reveal defects among the start-up
packages of each respective filling machine, i.e., the first two packages analysed
after the filling operation was started at the beginning of the production run and
after re-start.

Defective packages were detected in all three filling machines but at a slightly
different level. Is there a significant difference between the three, indicating a

o
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fault in the filling systems? Statistics reveal that the difference between the three
fillers is not significant (compare table 3, on page 163 in the section on “Trouble-
shooting”):

Lowest No. 20% Error 10% Error 5% Error
Risk Risk Risk
Needed 1 6 7 8
Filler A B ©
Found 3 1 1

Table 1. Is the Difference between the Fillers Significant?

The number and volume of packages checked from each of the three fillers is com-
parable. To achieve 80% probability (20% risk), which would indicate a signifi-
cant difference between the results obtained from the different fillers, a minimum
of six defective samples is needed, since the lowest number found (fillers B and
C, table 1) is one defective package! Only three were found (filler A, table 1), the
difference not being significant and pointing to a common source to the problem,
i.e., the product supply.

Moreover, it is not very likely that a fault would arise at the same time in all
three fillers resulting in about the same number of defective packages. All this
points to a common source: the product supply.

The type of spoilage as well as the spoilage flora (Pseudomonas group), strongly
indicate a reinfection caused by the entry of water. The microorganisms of the
Pseudomonas group are very sensitive to heat; they are killed at temperatures of
> 70°C. At which point can water enter the product after the outlet of the holding
cell and at a temperature of < 70°C? A closer look at the equipment and installa-
tion may help (figure 7).

The product is fed into the regenerative heating section by means of a centri-
fugal feeding pump. After homogenisation, the milk passes the final heater, the
holding cell, the regenerative section and reaches the final cooler. Water is used
in the final cooler of the UHT plant (figure 7).

How can water get into the commercially sterile product? The plant is designed
to provide an overpressure on the sterile side. Even if a leakage arises in the final
cooler, sterile product will be forced into the unsterile water and not the other
way round.

Product out Water out

Final Cooling Final Heating

Water in Homogenisation

Feeding Pump k Product in |

Figure 7. Example of Unsterility: UHT Steriliser

If the aseptic filling equipment is started, usually during a short period of time,
more product is consumed than the amount corresponding to the nominal capacity
of the filler: the system has to be filled up with product while the filler is running.
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This additional demand may, and often does, exceed the amount of product
supplied by the steriliser. A pressure drop on the sterile product side may reverse
the pressure situation in the final cooler: the unsterile water pressure becomes higher
than the product pressure. During a very short period of time, water enters the
commercially sterile product causing a reinfection which is subsequently washed
out of the system. A short period of unsterility results whenever the last filler is
started. This infection may manifest itself in any of the three fillers in the line.

Number of Defective Packages

0 1 2 3 4 5

Production Time

Figure 8. Example of Unsterility: Typical Pattern Caused by Leakage in the Final Cooler

Looking at the situation closer, the following pattern can typically be observed
(figure 8). After the last machine in the line has been started, a pressure drop is
encountered resulting in an infection of the product. However, the product in the
line is still sterile; the first packages after start-up are produced from the product
in the line and are sterile.

But after a short period of time the “unsterility plug” reaches the filling
equipment resulting in infected packages. As long as the leakage is small, only a
limited number of bacteria will enter the system. These may show up in any of
the three filling machines in the line. The effect can be minimised, possibly even
eliminated, by installing a counter-pressure valve at the steriliser outlet or, better,
a booster pump at the end of the final heater.

5.2 Counter-Pressure Valve

A plant was undergoing microbiological commissioning. The conditions agreed
on were the following:

a) three independent commissioning runs (cleaning and plant sterilisation
between each of the runs);

b) from each run, a total of 2,400 packages (total production) are to be taken as
samples from each of the three filling machines; the total number of samples
to be tested is 3 x 2,400 x 3 = 21,600;

¢) conditions of incubation: 5 days at 35°C;

d) evaluation: pH measurement and sensory. A pH deviation of 0.2 units and/or
a recognisable sensory change is regarded as failure;

e) acceptance level: for each filler, a total of three defective packages is accept-
able, but no more than two packages in any of the three test runs.

After incubation of the test samples, (21,600 packages), a total of 35 defective
packages (~0,2%) were detected, which is an unacceptable result.

Points a-e above describe the sampling methods and procedures used.
Systematic problem-solving requires the proper use of all information available.
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a) Equipment and installation: Three aseptic filling machines were connected
directly to a UHT steriliser (figure 9). Each of the filling machines produced
1-litre packages and had a capacity of 6,000 packages/hour. The nominal
capacity of the steriliser was 19,000 litres/hour.

b
c) Sampling: See above; 3 x 2,400 packages from each filler.
d

e) Product changes and spoilage flora: Most of the defective packages were
blown (gas formation), coagulated and had a pH of 4.6; some were coagu-
lated and had a pH of 6.2. The blown packages contained a mixed flora with
both Gram positive and Gram negative rods. The Gram negative rods were
also oxidase negative: the “Enterobacteriaceae group” . The Gram positive
rods were both catalase positive and negative: a mixture of Bacillus and
Lactobacillus.

~

The product: Milk was used as a test product.

—

Evaluation: See above; pH and sensory data..

f) Pattern: The packages were put into trays, each of which contained 12 units.
The trays were numbered consecutively. Since the majority of unsterile
packages were blown, these were what constituted the investigation at this
stage. The following picture evolved (figure 10): in all three test runs, blown
packages were found at the beginning of the run in filler C only.

g) History: not applicable.
Filler A |
Filler B I ——
Filler C

- TrIrrrIrm—m

20 40 80 120 160 200

Sterilisation Tray Number
I Test Run
Unsterile Packages

Figure 10. Example of Unsterility: Pattern

A close inspection showed that the defective packages were tight.
Statistics reveal a significant difference between filler C on the one hand, and
A and B on the other. This clearly indicates a defect in connection with filler C.
A closer look at the tray numbers showed that all the defective packages
(figure 11, filler C) were located in the first five trays.

An extensive inspection of filler C did not show any abnormalities
which would explain the findings. A significant difference between
fillers may have been caused by a defect in the filler but it may also
have been due to the location, installation, etc., of the equipment. A

4 TrayNumber ClOser look at the installation showed the following. The counter-

pressure valve, which is not an aseptic valve, was placed very close to

the last filler (C) in the production line: distance ~ 30 cm (figure 12). The
outlet of the return line was above the product level in the balance inlet tank of
the steriliser. Due to the design of the filling machine, whenever the filling
operation is started more product than the one corresponding to the normal
capacity (6,000 l/hr) is needed: the equipment operating at full speed has to be
filled with product. The steriliser delivers an amount of product (=18,500 I/hr)
which is only slightly above the total nominal volume needed by the three fillers
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(18,000 1/hr). Whenever the last filler is started, the
product demand exceeds the supply: an “under-
pressure” results.

Unsterile air is sucked into the system through
the return line, reaching and entering the last filler

in the line (filler C). Irrespective of which filler is
started last, filler C will always be affected. The
problem can be solved by increasing the distance
between the counter-pressure valve and filler C to
~10 metres or more. A further improvement can
be made by placing the outlet of the return line
below the product level in the balance inlet tank (figure 12).

The other defective packages found are within the acceptance level and
should for the time being be ignored.

After replacing the counter-pressure valve at a safe distance from filler C,
the commissioning test was repeated and gave an acceptable result.

. Counter-Pressure Valve

5.3 Poor Quality of Intermediate Product

A plant had been producing long-life products for some time before unsterility
was encountered. Market complaints indicated an unacceptable level of spoiled
product.

5.3.1 Equipment and Installation

The UHT production line consisted of an indirect UHT plant (plate heat exchanger),
an aseptic tank and five aseptic filling machines (figure 13).

Aseptic Tank

Y . Valve Cluster ¥teamTrap N Valve

Figure 13. Example of Unsterility: Installation

5.3.2 The product

Reconstituted long-life milk.

5.3.3 Sampling

About 20 packages were sampled randomly from each filling machine and pro-
duction run. In addition, aimed samples were selected at the start-up of each
production run.

5.3.4 Incubation and Evaluation

The sampled packages were incubated for five days at 35°C; evaluation was
carried out by testing the pH and by sensory procedures.

[T 1T 11 ||

Return

Figure 12. Location of the Counter-Pressure Valve

Product in

Level of Product

Balance Inlet Tank '
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5.3.5 Product Changes and Spoilage Flora

In the quality control procedures, coagulated packs were found only occasionally.
These were ignored. Triggered by the market complaints, a substantial re-sampling
procedure was initiated. 500 packs were collected at random from each of the
five fillers. They were taken from a production run that had been in storage for
five days. Since the temperature in the product storeroom was 25-30°C, the re-
sampled packages were opened without any further incubation. A large number
(58) of spoiled packages were found. The product had coagulated and had a pH
of 6.1 to 6.4. No gas formation was registered. Rough identification revealed
Gram-positive, catalase-positive, spore-forming rods: Bacillus.

5.3.6 Pattern

Arranging the defective packages in a time diagram, all five fillers showed the
same pattern (figure 14).

Defective Package

Time Production Run

Figure 14. Example of Unsterility: Pattern

The spoiled packages were evenly distributed over the entire production run. The
number of defective packages found in each filler is shown in table 2. There was
no significant difference between them (compare with table 3 on page 163, in the
section on “Troubleshooting™).

3.3.7 History
Occasionally, spoiled (coagulated) packages were found at quality control. These
and the complaints received from the market, were ignored.

At this stage, the following is what we know:

a) all five fillers are affected to about the same extent indicating a common
source to the problem, namely the product supply;

b) the defective packages are evenly distributed over the entire production run;

c) the type of spoilage and the spoilage flora are the same in all the spoiled
packages: Bacillus. Vegetative microorganisms must have been eliminated by
some selective factor. Process stages where such selection can take place are
UHT treatment (high spore count of the intermediate product), the sterili-
sation of the plant (poor cleaning of the equipment), and the sterilisation of the
packaging material (high spore count on the packaging material, poor hygienic
conditions in the filling area).

A plant sterilisation failure is not very likely since a different pattern of unsterility
usually results: high at the beginning of a production run followed by a washout.
All the ingredients used in the preparation of the reconstituted milk were

examined: spore counts were rather low. A check on the intermediate product,

however, revealed extremely high bacterial endospore counts of the magnitude of
~500,000/ml. Further investigation revealed very poor cleaning in the section
where the powder was reconstituted.
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15. Long-Life, Low-Acid Products

Summary

Rationalisation of the food industry has resulted in fewer food processing plants
and, as a result, greater distances between the points of production and consump-
tion. This in turn has led to growing demands for a longer shelf life for food prod-
ucts. Energy-saving requirements favour the non-refrigerated handling of such
commodities. On the other hand, and to an increasing extent, consumers demand
natural foods. Changes brought on by processing should be minimised! Since
almost all microorganisms can grow in low-acid food products, the risk of spoilage
is high. In addition, pathogenic disease-causing bacteria can also develop. Such
products represent a public health risk. Commercially sterile long-life products
represent an ideal compromise: processing changes are reduced to a minimum, the
spoilage risk is insignificant and the public health hazard is practically eliminated.

In the present chapter, the composition of, and processing conditions for
some low-acid long-life products are given.

1. Long-Life Milk

For commercial and practical reasons, an increase in the shelf life of milk and
milk products is highly desirable. Commercial sterilisation (UHT treatment)
together with aseptic packaging considerably extends the shelf life of milk and
milk products (2).

A number of problems are associated with the storage quality of long-life
milk. The most common of these is age-thickening which can eventually lead to
gelation or coagulation and may limit the shelf life of the milk to eight months or
less. This defect is caused by thermo-resistant proteases of bacterial origin (mainly
Pseudomonas and Bacillus) and is less common in recombined than in fresh,
long-life milk. Inactivation of these enzymes by UHT treatment is limited, often
less than 10% (271). The enzyme levels must be kept to a minimum by handling
the untreated milk and carrying out the pre-processing treatment in such a way
that the number of bacteria capable of producing thermo-resistant proteases is
kept at a low level.

Homogenisation of milk subjected to UHT treatment is necessary in order to
prevent fat-separation during storage. Homogenisation should result in an average Homogenisation
fat globule size of 0.7 um with a maximum of 1-2 ym (180).

In Germany, in 1975, 1,580 UHT milk samples produced by 28 producers were
purchased and tested for their microbiological properties. 1.3% of the samples
were spoiled due to putrefaction, acidification or other anomalies of taste. In 7.8%
of the samples, microorganisms which multiplied at 37°C were demonstrated to
be present. In part, these microorganisms could only be isolated by enrichment
procedures. Most of the strains isolated were identified as Streptococcus lactis
and aerob Bacillus. Only 6% of isolates belonged to groups of Gram negative
bacteria (227). In this connection, the usefulness of enrichment culture proce-
dures can be seriously questioned. In the meantime, the situation has improved
considerably: today defect rates are much, much lower and failure rates of 0.01%
or less are often achieved.

1.1 Lactose-Reduced Milk

Some people suffer from lactase deficiency (lactose intolerance). When consum-
ing milk (lactose), digestive problems arise. A method for lactose hydrolysis in
sterile milk or whey with lactase obtained from Saccharomyces lactis has been
described (103, 104, 195). The properties and stability of this enzyme are very
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favourable for use in milk and neutral whey. The shelf life of long-life milk and
whey products allows for sufficient reaction time - one to several weeks - at
room temperature to lessen the lactose content (figure 1).

Lactose H Sterile Filtration |

Aseptic
Packaging

Milk

(Intermediate Product) Aseptic Transfer

Lactose- Storage
Reduced Milk Hydrolysis

Figure 1. Addition of Lactase to Long-Life Milk

Before being added to commercially sterile milk, the lactase has to be sterilised
by filtration since the enzyme is heat-sensitive and will be inactivated by the
UHT treatment. The sterile enzyme solution can either be added before or, pre-
ferably, during the aseptic filling operation (figure 1).

When lactose is hydrolysed, galactose and glucose are formed. Both these
sugars (monosaccharides) are sweeter than the lactose. Consequently, the hydro-
lysed milk has a sweeter taste (196). In addition, glucose and in particular galac-
tose react more readily in the Maillard reaction: the hydrolysed milk is more
sensitive to browning and to the development of off-flavours associated with the
Maillard reaction.

2. Goat’s Milk

Long-life goat’s milk has been produced by steam injection (169). During storage
at different temperatures (4°C, ambient, 30°C, 37°C and 50°C), the following
changes were registered (169):

a) at 50°C, the non-protein nitrogen increased from 8.2% to 13.1% of the total
nitrogen content within 71 days. The flavour had acquired a sharp, bitter taste
already after 7 days. The content of available lysine was reduced. The amount
of 5-hydroxy-methyl-furfural had increased (Maillard reaction) and after 14
days the milk was distinctly brown in colour;

b) the non-protein nitrogen also increased at 37°C and to a lesser extent at 30°C
and room temperature. Even after two years, the increase at 4°C was insignifi-
cant. A sharp, bitter flavour different from that observed at 50°C developed
after storage for 21, 71, 105 days and 2 years respectively. The available
lysine decreased and the level of 5-hydroxy-methyl-furfural increased during
storage at ambient, 30°C and 37°C. The samples became brown after 71 days,
6 months and 10 months at 37°C, 30°C and room temperature respectively;

c) the peptone fraction increased during storage and the casein content decreased.
This suggests an enzymatic degradation of the casein. Goat’s milk contains
a natural proteolytic enzyme associated with the k-casein, which may have
been reactivated during storage.

In conclusion, the shelf life of long-life goat’s milk is shorter than the one for
cow’s milk. Storage at high temperatures should definitely be avoided.

If the initial pH of goat’s milk subjected to UHT processing is below 6.9,
rapid and severe sedimentation occurs in the product. The problem may be
controlled either by adjustment of the pH of the milk to well above 7.0, or by the
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addition of 0.2% di-sodium phosphate to the milk before processing. The higher
calcium content of goat’s milk compared to cow’s milk is probably responsible
for the greater instability of goat’s milk during UHT processing (272).

3. Recombined Long-Life Milk and Milk Products

3.1 General

The term “recombined” is used to describe a process where milk powder, butter
fat and water are used, while “reconstituted” (65) refers to a procedure where
only powder and water are utilised.

Stabilisers and possibly emulsifiers have to be added in the production of
reconstituted or recombined long-life milk.

Recombined milk is usually made from skimmed milk powder, anhydrous
milk fat (butter oil), a stabiliser and good quality water. Sometimes a portion of
sweet cream buttermilk powder may be used to enhance the flavour. Whole milk
powder can be utilised but this is not common because of the risk of flavour
deterioration during prolonged storage of the powder (271).

3.2 Raw Materials

3.2.1 Water

Water as a raw material plays a dual role in the production and processing of
recombined milk, i.e., as process water and as water used for the reconstitution
as such (165).

Quantitatively, water is the most important raw material used in the manufac-
ture of reconstituted milk. Water for inclusion in a product must be free from
visibly suspended matter, colour, odour, and taste, from disease-causing organ-
isms, and from mineral or organic material dangerous to health or detrimental to
flavour. To achieve, this the water should be taken from a “properly protected
source” and submitted to an adequate system of purification (165). The most
commonly used indicator of bacterial pollution is the organism Escherichia coli
and the coliform group as a whole. It is generally accepted that no sample of
treated water should contain Escherichia coli in 100 ml. Biological examination
of water is of value in determining causes of objectionable tastes and odours in
water and in explaining causes of clogging in distribution pipes and filters (165).

From a chemical point of view, the quality and composition of dissolved
substances must also be controlled, i.e., total dissolved solids, hardness, toxic
substances. The “salt balance” is of particular importance in recombined long-
life products where the minerals can affect the heat stability or viscosity of the
product. Frequent testing of the water quality is essential, even if municipal
water supplies are used.

3.2.2 Milk Powder

The packaging used for milk powder should protect the product during transpor-
tation from the manufacturer to the recombining plant so that there is a minimum
loss of quality. The package must act as a barrier against moisture, oxygen and
light. It must withstand physical disruption due to poor handling and give
protection against insect infestation (195). Skimmed milk powder is packaged
almost entirely in bags with an internal layer of polyethylene, the thickness of
which should be at least 76 um (195).

Skimmed milk powder will remain in good condition for long periods
provided its moisture content is low ( 4%). At higher moisture contents, it will
deteriorate with loss of solubility and the development of off-flavours. During
storage, attention should be paid to temperature differences: if one side of the
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storage package (bag) is exposed to heat (for instance, sunlight) and the other is
not, the moisture distribution may be affected. Although the total water content
may still meet the specification, locally the limit of 4% can be exceeded.

The same requirements are applicable to whole milk powder. However,
another type of deterioration occurs, even at low moisture content, caused by the
oxidation of fat. As a result, the storage life is very much temperature-dependent
and rather limited, normally to no more than 6 months.

Skimmed milk powders are produced to a heat classification (American Dry
Milk Institute, ADMI) based on the denaturation of whey protein. The amount of
non-denatured whey-protein nitrogen (WPN) is determined by:

e low-heat powder: >6.0 mg undenatured WPN/g;

» medium-heat powder: 1.51 - 5.99 undenatured WPN/g;

e high-heat powder: <1.5 mg undenatured WPN/g.

Typically, low-heat or medium/low-heat powder is used in the manufacture of
recombined milk as well as in filled milk in general and long-life milk in
particular. Medium-heat powder is utilised for recombined, sweetened, con-
densed milk, and high-heat powder for recombined, evaporated or concentrated
milk. Only finest grade, spray-dried skimmed milk powder manufactured to the
following specifications (table 1) should be used (212):

Component Content
Moisture 4.0%
Milk Fat 1.25%
Titrable Acidity (lactic acid) 0.10-0.15%
Solubility Index (ADMI) 0.5 ml
Scorched Particles (ADMI) Disc A
Bacterial Count <50,000/g
Coliforms absentin0.1g
Yeast and Moulds < 50/g

Table 1. Specification: Skimmed Milk Powder

Buttermilk powder should meet at least the following quality requirements

(table 2):
Component Content
Moisture <4.0%
Milk Fat >4.5%
Titrable Acidity (lactic acid) 0.8-0.16%
Solubility Index (ADMI) <1.2ml
Scorched Particles (ADMI) Disc B or better
Bacterial Count <50,000/g
Coliforms absentin0.1g
Yeast and Moulds < 50/g

Table 2. Composition of Buttermilk Powder

Milk powders with reduced lactose content (produced by enzymatic hydrolysis,
mainly immobilised enzyme, lactase) have been produced and are available on
the market (196).
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3.2.3 Reconstitution, Recombination

The reconstitution process consists of dissolving the skimmed milk powder in
warm water, adding the milk fat, usually melted, and stabiliser. The milk is then
homogenised and subsequently processed in a similar way to fresh milk. Emulsifi-
ers such as glycerol monostearate and stabilisers such as carrageenan are often
used to increase the stability of the fat dispersion. In long-life products, the addi-
tion of at least a stabiliser is essential. Typical formulae for recombined milk are given
in table 3, while table 4 shows the composition of the recombined product (271).

Formulation and
Composition

Ingredient Recombined Recombined Milk Recombined Milk
Milk with Buttermilk with Whole Milk
Powder Powder

Skimmed Milk Powder 89.5 80.5

Buttermilk Powder 9.7

Anhydrous Milk Fat 341 333

Whole Milk Powder 123.7
Water 876.4 876.5 876.3

Table 3. Formulation for Recombined Milk, kg/tonne

Composition Recombined Recombined Milk Recombined Milk

of Product Milk with Buttermilk with Whole Milk
Powder Powder

Total Solids 120 120 120

Fat 35 35 33

Non-Fat Solids 85 85 87

Table 4. Composition of Recombined Milk (g/Kg)

As with plain white milk, thermo-resistant enzymes may also be a problem in
reconstituted or recombined milk. The raw milk used for powder production as
well as the pre-processing treatment of the milk before sterilisation should be
done in such a way that the bacteria which produce these enzymes do not reach
too high a number (271). Adequate pasteurisation of the recombined milk is
essential if it is to be held for prolonged periods before UHT sterilisation.

3.2.4 Equipment Needed for Recombination (figure 2) (271)

» A vat with an efficient agitator and fitted with calibrated sight-glass or mounted
on load cells so that its content can be measured, or a water flow meter which
measures a calculated amount of water into the vat. The vat should be jacketed
or set up so that its contents can be heated by circulation through a heat
exchanger.

e A suitably designed powder-liquid blender or dumping funnel for adding and
dispersing powder. The powder and water are left in the tank for 30-60
minutes and subjected to agitation (65). Different possibilities for circulation
exist in order to improve the soaking process.

» Equipment for melting milk fat in 200-litre drums.

o Clarifier or duplex filters.

* Homogeniser, usually two-stage.

» Equipment for pasteurising the milk.

» Equipment for UHT sterilisation, either an indirect or direct heating system.

» Aseptic packaging machine.

Thermo-Resistant
Enzymes
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Aseptic

Packaging

Powder Butter Oil

3 2 3

Hopper Mixer Heating =~ 60°

Cooling Heating

Figure 2. Flow Chart for the Reconstitution and Production of Long-Life Milk: Production Line

Component Content
Acid Value 0.1
Peroxide Value 1.0

Volatile Matter (105°C)  2.00 g/kg
Insoluble Impurities 0.50 g/kg

Soap 0.05 g/kg
Copper 0.10 mg/kg
[ron 0.15 mg/kg

Table 5. Specification: Vegetable Fat

Fat Content
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Medium to low-heat powder (ADMI) is often used with a whey-protein nitrogen
content of 4 mg/g or more. The powder should have been made from milk of good
bacteriological quality, preferably having a total count of not more than 5 x 10*
organisms/ml of reconstituted milk (271).

3.3 Filled Milk

Filled milk is similar to recombined milk except that instead of milk fat, vegeta-
ble fats or oils are added. For the manufacture of filled milk, only highly refined
and bleached deodorised oils of minimum peroxide value and low, free-fat acidity
(acid value) complying with the specification shown in table 5 should be used.
Points a-e below show the composition of filled milk (271).

a) Extra-grade skimmed milk powder, with a minimum content of 4.5 mg/g
native whey-protein nitrogen.

b) Refined, deodorised and partially hydrogenated coconut fat which is added to
the recombined skimmed milk at a temperature of 28°C.

¢) Addition of vitamins A and D to give a content of 6,000 or 600 I.U. respectively
in the final product.

d) Water which has been treated to a hardness of 230 ppm of CaCO.,.

e) Sodium bicarbonate: NaHCO, content: 0.025% of the total solids.

The procedures for manufacturing different types of filled milk are the same
as for recombined milk. However, the difference in the nature of the fat may
necessitate the use of different homogenising conditions and the use of emulsifi-
ers such as glycerol monostearate or lecithin (271).

3.4 Recombined Cream
Recombined cream can be used for several purposes. Formulation and manufac-
ture may vary according to the intended use.

Recombined cream can be made from skimmed milk powder, buttermilk
powder and anhydrous milk fat to give a fat content ranging from 20% to 40%.
For whipping cream, a fat content in the range 35-40% is essential, whereas
for coffee cream and dessert cream the fat content is usually 20-25%. The
addition of emulsifiers and stabilisers is necessary.

The recombining process is essentially the same as described for recombined
milk. Attention should be paid to homogenisation pressures, which depend on the
kind of product being produced. Recommended homogenisation pressures are (271):



« coffee cream and dessert cream: about 180 kg/cm? at the first stage and
30-40 kg/cm? at the second stage.

« whipping cream: about 70 kg/cm? at the first stage and 30-40 kg/cm? at the
second stage.

Low or medium-heat (ADMI) skimmed milk powder is recommended. Typical

formulations for coffee cream and whipping cream are given in table 6 (271):

Component Coffee Cream Whipping
Cream
Skimmed Milk Powder 30.0 40.0
Buttermilk Powder 45.0 55.0
Anhydrous Milk Fat 190.0 400.0
Water 733.2 498.0
Carrageenan 0.3 3.0
Glycerol Monostearate 0.5 1.0
Tween 60 1.0 3.0

Table 6. Formulation for Coffee Cream and Whipping Cream (kg/tonne)

4. Fruit-Flavoured Milk

4.1 General

Heating fruit may and often does affect its flavour. Many fruits are acidic. Their
addition to milk reduces protein stability which may result in problems when
heating at high temperatures. With this background, the procedure shown in
figure 3 of adding liquid and dissolved fruit components aseptically to the
previously UHT-sterilised milk has been suggested (162).

Fruit

Sugar Sterile Filtration Components

Aseptic
Transfer

Figure 3. Addition of Sensitive Fruit Components in the Production of Fruit-Flavoured,
Long-Life Milk

For example 350 kg of concentrated sucrose syrup and four litres of natural red

colouring are added to 5,000 litres of high quality skimmed milk. The mixture is

UHT-treated by direct steam injection at 148- 150.°C anfi .homoger.lised. asepti- Fruit-Flavoured Milk:
cally at low pressure (25 kg/cm?). Natural aroma is sterilised by filtration and Composition
injected aseptically and continuously into

the stream of milk passing into the aseptic

filling unit, as illustrated in figure 3. R e
A typlca'l fOI‘l’I.lula'tIOI'l for 'a fruit- Milk 56.8%
flavoured milk drink is given in table 7. St e 38.0%
Sugar 5.0%

Stabiliser 0.2%

Table 7. Composition of Fruit-Flavoured
Milk
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5. Cream

5.1 Cream-Based Liqueurs

One of the fastest growing markets for cream is in the form of cream-based
liqueurs (38, 175). Homogenisation of the cream is essential in order to prevent
fat separation during storage. Rather severe homogenisation conditions were
found to be necessary: 96% of the fat globules had diameters of less than 0.8 pm.
An emulsifier with sodium caseinate was found to be satisfactory. A ratio of fat
to caseinate of approximately 4 to 1 was optimal. A disadvantage of the caseinate
is its instability at low pH.

The most desirable range of milk fat-content was 12-16%. Addition of carbo-
hydrate to the liqueur performs two obvious functions, i.e., it determines the texture
and sweetness, but it also affects the sensation of alcoholic strength in the mouth.
An addition of 15-20% sugar was found optimal. Table 8 shows the typical
composition of a cream-based liqueur.

Component Concentration
Milk Fat 12-16%
Added Sugars 15-20%
Sodium Caseinate 2.6-3.5%
Non-Fat Milk Solids 1.0-1.4%
Total Solids 35 - 40%
Ethanol 14%
Water 46 - 51%

Table 8. Typical Composition of a Cream-Based Liqueur (38)

5.2 Coffee Cream
One of the major problems with long-life coffee cream is flocculation which
occurs when cream is mixed with hot coffee. The graph below (figure 4) shows

the relationship between two stage homogenisation pressures and flocculation of
12% coffee cream (124).

Flocculation
5

0
0

4
3
2
1 1 1 |

| | | |

50/5 100/10 150/15 200/20 250/25

Homogenisation Pressure (bar)

Figure 4. Coffee Cream: Flocculation and Homogenisation
Homogenisation of long-life coffee cream is also necessary in order to prevent
fat separation during storage. As can be seen from the above graph (figure 4),

flocculation increases with increasing homogenisation pressure. The following
procedure is recommended for the production of long-life coffee cream (124):

o
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a) homogenisation to obtain small fat globules and aggregation of protein on to
the fat globule membranes;

b) pre-heating to denature whey proteins which also aggregate with the fat
globules;

¢) UHT heating to obtain a commercially sterile product;

d) aseptic homogenisation to split the fat protein aggregates: fat globules of
small size are formed, the surfaces of which are covered with denatured milk
protein.

5.3 Whipping Cream

Long-life whipping cream is one of the most difficult UHT products to make. It
has, however, been produced at both direct and indirect working UHT plants.
Homogenising whipping cream with a fat content of 30% is problematic.
Sufficient foam (whipping ability) can only be obtained if the size of the fat
globule aggregates is between 15 and 20 um. If the fat globule size is > 20 um, a
high foam stability results but the increase in volume is very limited. The fol-
lowing recommendations are given for the production of long-life whipping
cream (154) and are schematically shown in figure 5:

a) the cream should be obtained from raw milk which has been stored for a short
period of time only;

b) low temperature at separation (< 45°C, preferably 10°C);

¢) ripening of the cream to a pH of 6.4 to 6.3 before UHT treatment by the
addition of a starter culture (rarely if ever done) or, preferably, by adding
“acid cream buttermilk powder” in a ratio of 100:15;

d) rapid cooling of the heated cream;

e) homogenisation (28 -30 kg/cm? at 60-70°C) to obtain a fat aggregate size of
15-20 ym;
f) the addition of 0.5% *“acid cream buttermilk powder”.

Low Temperature Ripening
Separation pH6.4-6.3

Aseptic
Packaging

Cooling

Cooling 60-70°C

Figure 5. Production of Long-Life Whipping Cream

Homogenisation conditions in the manufacture of UHT whipping cream are
likely to be of major importance in controlling the properties of the product.
Conlflict is to be expected between the need for adequate homogenisation to
prevent fat separation and the effect of homogenisation on whipping properties.
In a pilot plant system (steam injection), optimal homogenisation conditions for
a 36% long-life whipping cream were found to be two-stage homogenisation at
30°C and a pressure of 300 + 100 Ib/sq inch (40 + 14 kg/cm?). An increase of
20% in available calcium in the cream markedly improved whipping properties
but increased the rate of fat separation (233).

Foam
Stability

Homogenisation
Fat Separation

Whipping
Ability
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Ingredient Composition
Dairy Cream

(35-40%) 99.2 %
Lactodan P 22 0.6 %
Sobalg FD 155 0.05 %
Sugar 0.1%

Table 9. Composition of a Stabilised Long-
Life Whipping Cream

Fat Crystallisation
before Whipping!
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A cream of 40% fat was UHT-sterilised at 130-135°C with a holding time of 15
seconds (162). The heat treatment did not affect whipping ability. Prolonged
storage, however, resulted in considerable creaming of the product. Creaming can
be prevented by homogenisation, but this interferes with the whipping capacity.

30% cream was heated to 145°C and subsequently homogenised in two
stages at 70 + 7 bar and at 70°C. The product was stable for at least six weeks at
room temperature (116). Homogenisation pressures below 50 bar resulted in poor
whipping ability while high pressures (100 bar) led to a product of too high a
viscosity (143). An addition of 0.02% of carrageenan is recommended to im-
prove stability in the whipped cream (143).

A whipping cream having low viscosity, excellent whipping ability and espe-
cially suitable for UHT treatment had the composition shown in table 9 (29).

It is recommended that the cream be stored under refrigeration. At least
before whipping, the cream should be cooled down to ca. 5°C to achieve the
necessary fat crystallisation.

A whippable cream product of only 20-25% fat was obtained by diluting
30-35% cream with sweet cream buttermilk. The product could be UHT treated
and aseptically packaged. The storage life of the product, determined by acceler-
ated storage tests (the suitability of which is debatable), was at least six weeks.
The product could be whipped in about three minutes.

Lactodan

Heating 70°C

UHT
144°C, 4 sec

Cooling Aseptic
<10°C Filling

2

Long-Life
Cream

Figure 6. Flow Chart: Long-Life Whipping Cream with Additives

A low-fat, long-life whipping cream was developed with good whipping ability
(141).
The process parameters were as follows (figure 7):
a) gelatine (0.05 - 0.15%) is mixed at a temperature of 15°C with cream and
allowed to swell for 15 minutes;

b) skimmed milk powder or buttermilk powder (about 2%) is dissolved under
mild heating (35°C, ca. 15 minutes);

¢) both fractions are mixed and stored at 20-25°C. The fat content is adjusted to
22-24%. After ripening, the pH should not exceed 6.5;

d) after UHT treatment, sterile filtered rennet (strength of the solution: 1:10,000)
is added in an amount of 0.1%. The enzyme is allowed to act for 20-40
minutes at 30-35°C, followed by cooling (ca. 5°C) and aseptic filling.



Powder Gelatine Sterile Filtration

Heating Mixing Dosing

Storage Tank Aseptic Storage

Aseptic
Packaging

Cooling

Figure 7. Flow Chart: Whipping Cream Produced with the Addition of Rennet

6. Whey-Based Products

Whey, a by-product from the manufacture of cheese, has long been recognised as
a health food (16). Refreshing and nutritious still drinks can be produced based
on whey and whey concentrate in combination with fruit. The following compo-

sition (table 10) has been recommended (28):

Ingredient 0.7% Protein 3.0% Protein
Fresh Whey 75.50

Whey Concentrate 8.50
Pectin 0.10 0.30
Sugar 6.00 6.00
Citric Acid 0.65 0.65

Tri Sodium Citrate 0.55 0.55
Fruit Juice (65 Brix) 15.00 15.00
Water 69.40

Table 10. Composition of a Whey-Based Drink

The following production conditions (figure 8) resulted in an acceptable long-life

product:
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Production Conditions for a
Whey-Based Mango Drink
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Pectin Sugar Citrate Fruit Juice

ITI

Whey Powder *

Cooling ca 20°C

Aseptic Long-Life
Packaging Whey Drink

Figure 8. Flow Chart: Production of a Long-Life, Whey-Based Drink

1
Whey H pH 3.8 - 4.1

Heating Homogenisation
90°C, 30 sec ca 180 bar

Heating
60 - 70°C

When fresh whey is used the protein content can be increased by evaporating part

of the water or by adding whey powder.

The use of mango in the formulation of whey-based drinks seems to cover the
typical whey flavour. The long-life product shown in table 11 had an acceptable

flavour and was successfully marketed.

Natural whey having a pH of ~3.9 and a dry matter content of ~5.4% was
used without any additional treatment. The product was homogenised at a tem-
perature of 60-65° C and a total pressure of 200 kg/cm? (150 + 50 kg/cm?).
Pasteurisation conditions were 88-90°C with a holding time of 15 seconds. The
whey drink had a shelf life of about 6 months at ambient temperature (personal

communication).
Component Concentration
Whey 88.96 %
Sugar 8.90 %
Mango Concentrate 1.78 %
Stabiliser (Frimulsion) 0.36 %

Table 11. Composition of a Whey-Based Long-Life
Product Containing Mango

7. Custards and Desserts
7.1 General

Stirring, Swelling

Cooling ~ 40°C Homogenisation Cooling ~ 60°C

~30at.

Aseptic
Packaging

Homogenisation
30-50 at.

UHT 137-150°C

Figure 9. Flow Chart: Production of a Long-Life Dessert, General Procedure
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Custard powder and sugar are added to milk and stirred continuously at a tem-
perature of about 20°C. The mixture is then pumped through a pasteuriser where
it is heated to about 85°C. Subsequently, it is sterilised at 140°C followed by

aseptic filling (162).
The type of thickening agent, and the jellying agent and their respective levels, Thickening
determine the rheological properties of the dessert. Formulations containing 3.1% Agents

of selected modified starches and 0.2% of selected carrageenan resulted in pro-
ducts of the desired quality. The principle process parameters which influence
quality properties are filling temperature, homogenisation pressure and heating
intensity (182).

Manufacturing conditions in general are as illustrated in figure 9 (210).

In table 12, a general formulation for a long-life dessert is given.

Component Content
Milk 1,000 litres
Amylopectin Food Starch ~50 kg
Locust Bean Gum 2-3kg
Phosphates 0.2-1.0kg
Gelling Agents 1.5-3.0kg
Emulsifiers 0.2-1.0kg
Fat 20 - 50 kg
Skimmed Milk Powder 20 - 30 kg
Egg Powder 5-7kg
Sucrose ~140 kg
Dextrose ~30 kg
Malto Dextrin ~30 kg
Colour, Flavour as desired

Table 12. General Formulation for a Long-Life Custard
(210)

7.2 Vanilla Custard

In the manufacture of vanilla custard, 103 kg of milk standardised to 3.00%

butterfat is mixed with 4 kg of custard powder (starch) and 8 kg of sugar to Composition
obtain 115 kg of mixture containing 3.09 kg of butterfat. Processing is as

shown above.

7.3 Chocolate Custard
103 kg of milk (3% fat), 3.5 kg of custard powder (starch), 2 kg of cocoa powder
and 9 kg of sugar were used in the formulation (162).
Special carrageenans were used as jellifying agents. Care should be given to Composition
the quality of the cocoa powder used. For it to be suitable for UHT treatment
(requiring quick heat transfer because of rapid heating, short holding, followed
by rapid cooling), the powder should meet the following specification:

a) highly defatted: oil content: 10-12 %;

Size () Content
b) instant type: lecithin-treated;
¢) low shell content: ~ 4 % or less; <10 25.0 %
d) small particle size; table 13 contains a specification of particle size which > ;8 < 28 228 :ﬁ’
was found to be adequate for the production of long-life products (UHT z 30 z 40 11 ‘ 0 o/o
treatment) in general. 5 40 - <60 5'0 o/o
If such powders are not available, more intensive soaking procedures must be > 60 - <90 3.0%
applied. >90 - <200 0.6 %
A typical flow chart for the production of a chocolate pudding is shown in Table 13. Cocoa Powder
figure 10. Specification: UHT Treatment,

Particle Size
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Filling
Temperature

Microbiological
Safety in Production!
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Jellifying Agent

Pasteurised
3% Milk

Aseptic

Packaging

Flavouring
(Vanilla)

* Stirring, Swelling * Storage Tank

Colouring

Cooling 60-65°C UHT 143°C, 4 sec

Figure 10. Flow Chart: Production of a Long-Life Chocolate Dessert

Product

A O N =

Long Life*
Long Life**

High filling temperatures reduce the safety margins of sealing. The filling tem-
perature of 60-65°C shown in figure 10 depends on the starches used in the
formulation. During filling, the product must be in a liquid state: low temperature
and late setting starches must be used in the formulation.

8. Formulations For Baby Food

Long-life milk (direct UHT) has been compared to fresh milk and retorted milk
for feeding babies. The following advantages have been found (68):

a) itis free from living microorganisms, and thus hygienically safe (169);
b) steam injection heating results in minor losses of nutrients;

c) itis safe to use since “overdosing” often connected with powder products is
impossible (169);

d) itis not dependent on the quality of water, which is not always satisfactory;
e) it has six months shelf life; and
f) it requires little effort in application, i.e., it is convenient to handle.

The microbiological benefits of long-life formulations for baby food (adapted,
ready-to-use) were confirmed (see table 14) (48).

0 hr 6 hr 12 hr 24 hr
8,000/ml 128,000/ml 500,000/ml 1,200,000/ml
28,000/ml 420,000/ml 1,400,000/m! 3,100,000/ml
32,000/ml 400,000/ml 1,000,000/m! 2,400,000/ml
10,000/ml 180,000/ml 520,000/ml 1,800,000/ml
<100/ml 200/ml 680/ml 2,400/ml
O/ml O/ml O/ml 100/ml

Home Conditions (68), * = filled into baby food bottles, ** = opened package.

Table 14. Total Bacterial Counts of Reconstituted Milk After Being Filled into Baby food Bottles

Because of the sensitivity of such products, the consequences of failure are very
severe. Special measures must be taken to ensure safety. Spoilage rates must be
kept to an absolute minimum. This requires giving particular attention to produc-
tion procedures, quality control and quality assurance.

The composition of long-life milk adapted as a formulation for baby food is
given in table 15.

Formulations for baby food can be the only source of nutrition for babies.
Consequently, they must provide all the nutrients needed in the necessary amount
and the correct proportion. The vitamin content of the product is given in table 16.



Component Content Vitamin Content
Protein 1.90 g A 2,000 U/l
Total Carbohydrates 8.20 g B, 2 mg/l
Lactose 35049 © 80 mg/l
Saccharose 3.00g D 400 U/
Corn Starch 1.70g E 5 mg/l
Total Fat 3.60 g
Butterfat 1.20 g Table 16. The \//z‘am/r? Content of
Mixed Fat 240 g aF OLOo;g—L/fe Formulation For Baby
Minerals 0.45¢g
Calories 74/100 ml

Table 15. Composition of an Adapted
Long-Life Formulation For Baby Food

9. Vegetable Juice

Natural vegetable juice usually has a pH value of > 4.6. Consequently, spoilage
by bacterial endospores is a possibility (107). Process conditions have to be
adjusted accordingly. They can either be treated as low-acid products which
require UHT treatment at high temperatures, usually > 130°C, or they must be
acidified prior to processing, typically by the addition of citric acid. If this is
done, the process step of acidification becomes a critical control point. At the
present time, a number of different long-life vegetable juices are available on
the market.

10. Wine

10.1 General

Large-scale continuous manufacturing procedures of wine have evolved. Since
grapes represent a natural product which is highly susceptible to chemical,
biochemical and microbiological changes, rapid processing is of the utmost
importance.

10.2 Manufacture of White Wine
The flow chart shown in figure 11 illustrates a typical production line for wine.

Fermentation Pasteurisation Clarification F Separation Juice |

Figure 11. Flow Chart: Production Line for Wine

After crushing, sulphurous acid (as K,S,0,) is added as an anti-oxidant and a
means of preservation. Typical pasteurisation conditions are two minutes at
87°C. Depending on the kind of wine and in combination with aseptic filling
procedures, pasteurisation at 63°C for 8 seconds and 90°C for 15 seconds has
also been tried (107).

Low-Acid or
High-Acid?
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Heat treatment of the mash prior to pressing is often carried out. Such a step
offers a number of advantages:

a) the pressing time is reduced (table 17);
b) protein stability is increased;

¢) an increased yield is obtained because of reduced viscosity due to the disinte-
gration of pectins. The addition of pectinase in combination with heating to
45°C for two hours further reduces the pressing time to 34 minutes.

Mash Pressing Time
Pressed Immediately 85 min
Pressed after 3 Days 43 min
Stemmed - Pressed Immediately 83 min
Stemmed - Heated 80°C, 2 min 50 min

Stemmed - Heated 45°C, 2 hours 52 min

Table 17. Effect of Heating on Pressing Time

10.3 Manufacture of Red Wine

An important quality characteristic of red wine is the colour. The colouring
Traditional matter (anthocyans) is located in small cells and can only dissolve when the cell
Production plasma has been destroyed. In the traditional method of manufacture, the red

grapes are crushed, sulphurous acid is added, and the mash is fermented with air

admitted over a period of 3-10 days. The must containing alcohol and obtained

by pressing undergoes secondary fermentation to red wine. There are two main

shortcomings to this procedure:

a) the development of colour varies;
b) the taste and colour are affected by the release of tannins.

These shortcomings have been overcome by modern processing techniques, as
shown in figure 12.
Improved The mash is heated to 75-85°C for a few minutes, cooled down to 45-55°C,
Quality pectinase is added and allowed to act for 1-2 hours.
Otherwise, the process is the same as that used for white wines.

Heating Cooling

Pasteurisation Clarification Separation Juice

Fermentation

Figure 12. Flow Chart: Modern Production of Red Wine

Wine is also sensitive to oxidative change, both in flavour and in colour. In order
to reduce dissolved oxygen and to minimise oxidation, an atmosphere of, and
flushing with, sterile nitrogen was used. The processing conditions for the wine
tested are shown in figure 13 (35):
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Sterile Filtration

Pasteurisation Wine Ready for
90°C, 15 seconds Packaging

Aseptic Tank

Packaging

Figure 13. Flow Chart: Reduction of Oxidation

The test wine was filled into an aseptic tank and flushed with sterile nitrogen for
24 hours before filling (figure 13). The composition of the wine is shown in table
18.

If pasteurisation is not required, sterile filtration is one of the methods which
can be used for the sterilisation of wine (figure 14) (52).

Storage Tank Sterile Filter (Aseptic)

Packaging

Figure 14. Flow Chart: Sterilisation of Wine by Filtration

Comparison of wine filled in a number of different containers is presented in
table 19 (35). The results show the suitability of aseptic technology as a packag-
ing system for table wine.

Container Volume 6 months 12 months
Glass 700 ml 2.32 1.68
Can 330 ml 1.60 0.62
Can 330 ml 1.22 0.57
Can 250 ml 1.49 0.77
Tetra Brik 200 ml 2.29 2.34
PET 250 mi 2.08 2.00
PVC 500 ml 2.47 1.81
PVC 500 ml 2.28 2.29

Table 19. Sensoric Score During Storage

White and red table wines were filled into glass bottles and paper-based plastic
laminates (Tetra Brik cartons). After storage for one year at ambient temperature
and at 37°C, the quality of the wine had been affected by the storage conditions.
However, there was no difference in quality specific to the type of package (3).

11. Water

11.1 General

If untreated packaged water is stored, rapid multiplication of bacteria may take
place. Even under optimal conditions, pure drinking water in packages will not
retain an acceptable bacteriological quality for more than one week at ambient
temperature (228). Samples of packaged mineral water bought in retail outlets
showed varying total bacterial counts as shown in table 20 (62).

Total counts of up to 3,000/ml were found in commercial samples of un-
treated water intended for household use (102). The bacterial growth could be
controlled by the aseptic packaging of heat sterilised water (62, 102).

Component

Alcohol
Total Acid
pH

Free SO,
Total SO,
Volatile Acid
CO,

Ethanal
Sugar

Content

79.7 g/l
8.9 g/l
3.23
69 mg/l
177 mg/l
0.44 g/l
0.80 g/l
61 mg/l
24 g/l

Table 18. Composition of the Wine

Total Counts in
Packaged Water
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Because of the low-flavour profile of mineral water, the product is very sensitive
to flavour changes induced by either processing or packaging. If plastic materials
are used, special packaging material qualities are recommended.

Kind of Container Volume Total Count/ml
Glass Bottle 0.50 1 780/ml
Plastic Pouch 1.00 | 50,000/ml
Plastic Pouch 0.351 1,000/ml
Gable Top 1.00 | 5,600/ml
Gable Top 2.00 | 6,100/ml
Gable Top 2.00 1| 25,000/ml
Gable Top 1.00 | 10,000/ml
Gable Top 1.001 310/ml

Table 20. Total Counts in Packaged Mineral Water

11.2 Water Treatment

Treatment of water with ozone (O,) in amounts of 0.3 to 1 mg/l kills the micro-
organisms present in the water within 6-8 hours. As shown in figure 15, ultra-
violet irradiation can also be used in combination with filtration (102):

Water Supply Filtration Filtration UV Irradiation

Active Carbon (Particle)

Figure 15. Flow Chart: Treatment of Water

Water is filtered and, in a thin layer, passes a UV lamp. Attention has to be paid
to the removal of deposits which may form on the UV lamp (102).

Another possibility is sterile filtration through filters with a pore size of
0.2-0.15 um. Local legislation has to be observed carefully.

In many countries, no treatment or only specified procedures are permitted if
a water is marketed with the label of “natural mineral water” (figure 16).

Long-Life LELT Water Supply
Product Packaging

Figure 16. Flow Chart: Long-Life (Mineral) Water

Aseptically-filled natural mineral water has been successfully marketed in a
number of countries.
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12. Liquid Eggs

Handling costs, loss of functionality, and inconvenience associated with frozen
liquid whole eggs have stimulated interest in a refrigerated alternative. To maintain
adequate shelf life at refrigeration temperatures, liquid eggs were ultra-pasteur-
ised and aseptically packaged. Holding times varied from 3 to 192 seconds, and
temperatures between 63.7°C and 72.3°C (Tetra Pak technology: 70°C for 90
seconds). A refrigerated shelf life of 3 months at 4°C was obtained (135). Figure
17 shows a flow chart for the process.

Pre-Heating Timing Pump Final Heating Holding

3

Aseptic

Cold Storage Packaging

Cooling

Figure 17. Flow Chart: Liquid Eggs

Though not really a long-life product since the heat treatment is not sufficient to
obtain commercial sterility and, consequently, refrigerated storage is required,
the interest in aseptically packed liquid eggs is none the less increasing.
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16. Long-Life Acidified Products

Summary

Acidified products are produced from low-acid raw materials which, prior to
final processing, are rendered acidic either by the addition of organic acids,
usually citric acid, or by biological acidification by means of a starter culture.
Processing conditions are about the same as those for high-acid food products.
Long-life acidified drinks are gaining in popularity. Some long-life vegetable
juices are also very popular. In the following chapter, a short description of some
milk-based, acidified, long-life drinks is presented with regard to the composi-
tion and processing of the products.

1. General

The acidified products of interest are mainly cultured products based on milk or
soya beans and some vegetable juices. Acidified products originally have a pH
value in the low-acid food range (i.e., above 4.6). As shown in figure 1, their pH
is lowered either by the addition of acid (chemically acidified) or by the growth
of microorganisms (acidified by the addition of starter cultures). The acidifica-
tion process is a critical control step and its process parameters must be control-
led accordingly.

Pre-processing is necessary to achieve the correct pH value and often desir-
able to increase safety and product quality. This is particularly true for yoghurt-
type products. Processing parameters necessary for achieving commercial
sterility depend on the product and, most of all, its pH. In general, a temperature
of 70-80°C and a holding time of 30-60 seconds are sufficient to eliminate lactic
acid bacteria as well as yeast and moulds. The heat resistance of thermophilic
lactic acid bacteria was found to be 10-15°C higher than that of mesophilic lactic
acid bacteria (207). Often such acidified products are heat-treated at a higher
temperature using the same processing conditions as those applied to high-acid
products, typically in the temperature range of 85-95°C with holding times
between 15 and 30 seconds.

In the production of acidified products, the acidification process is a critical
control step. Care has to be taken to achieve the correct as well as an evenly distrib-
uted pH. Process procedures must be established to ensure that this is accomplished.

The purpose of heat-treating cultured milk products is to prolong their shelf
life and, at the same time, minimise any negative influence in their quality.

Heat and acidity favour syneresis of the casein resulting in separation of the
whey. Contraction of acid-precipitated casein is influenced by the following
factors (207):

e the pH of the product: the pH should be adjusted with an accuracy of 0.05
units and should be in the range of 4.40 to 4.10;

» the content of fat, protein, and sugar: higher fat and sugar contents are favour-
able while the opposite is true for casein;

» the temperature and duration of heating the milk before fermentation: an in-
creasing load of heat stabilises the end product (reduces syneresis);

e proteolysis;

 the type of hydrocolloid (stabiliser) used: hydrocolloids are indispensable in
the manufacture of long-life, acidified milk products. Starch, gelatine, or pectin
may be added during the preparation of the milk before or after fermentation,
but before the final heat treatment;

 the heating temperature and holding time of the finished product.

Acidification is a
Critical Control Point!

Processing
Conditions

Raw Materials Pre-Processing

Addition of Acid
Final Processing
G

Aseptic

Packaging

Figure 1. Flow Chart: Acidification Process
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Acidified, Milk-Based,
Long-Life Products

Raw

Materials
Component Content
Milk Solids, Non-fat 7.6 %
Sugar 8.0 %
Mexpectin 0.35 %

Table 2. Product Composition
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As shown in table 1, the processing con-
ditions necessary to achieve commer- pHvalue 40secat 20 min at
cial sterility depend on the pH of the

product (60, 231). The time-temperature jg 1 gg:g 1 1 g:g
combinations stated in table 1 are ne- 4: 4 120°C 105°C
cessary for in-container sterilisation 43 110°C 100°C
and are much too high for in-flow 49 100°C 95°C
treatment. However, the values stated 41 98°C 90°C
in the table clearly indicate the impor- 4.0 94°C 85°C
tance of the pH. 3.9 90°C 75°C

A representative flow chart for the
ducti f acidified milk-based Table 1. Acidified Milk Products: pH and
production ot acidified mulk-based pro- pmserature Treatment Necessary to

ducts is given in figure 2. Milk is stand-  Achieve Commercial Sterility
ardised and homogenised, followed by
the addition of the starter culture and proper incubation if microbiological
acidification is applied. Stabiliser and fruit, if desired, and/or acid, in chemical
acidification, are added.

Some time for swelling is allowed for. The product is subsequently pasteur-
ised using a suitable time-temperature combination. After aseptic packaging, a
long-life product is obtained.

Aseptic
Packaging

Final Heating Fruit

Acid

Figure 2. Flow Chart: Production of Acidified Milk-Based Products

2. Yoghurt Production

As the properties of the yoghurt influence to a great extent the quality of the
final, long-life yoghurt drink, it is necessary to consider its production carefully
in order to obtain an optimal result. The raw material is either fresh skimmed
milk, whole milk or skimmed milk with extra solids added.

Furthermore, reconstituted milk - either in the form of powder or condensed
milk - may be used. The content of milk solids non-fat (MSNF) may vary between
9% and 20%. A higher content of milk solids will cause a reduction in the size of
the casein particles after fermentation resulting in a drink with higher viscosity.

The heat treatment leads to denaturation of the whey proteins: more water
can be held between the protein micelles resulting in less whey separation. Fer-
mentation must be carried out down to a pH of ~ 4.0. At a lower pH, the yoghurt
becomes less stable.

A general flow chart for yoghurt production is given in figure 3 (26).

Shelf-stable drinking “yoghurts” with a claimed shelf life of up to 6 months
at room temperature have been reported (180). The product was prepared from
84 kg of skimmed milk, 12 kg of fruit juice with 50% sugar, and 0.35 kg of
Mexpectin RS 450 dispersed in a 65% sugar solution. The final composition of
the product is shown in table 2.
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Milk Powder

Reconstituted Fresh Milk
Skimmed Milk

Skimmed Milk
9-20% MSNF

Stirring Inoculation Homogenisation

Heating
95°C
15-5 min

Cooling

Drink Yoghurt 30-45°C

Figure 3. Flow Chart: Typical Yoghurt Production

After mixing, the product was homogenised, pasteurised at a temperature of at
least 73°C with a holding time of 20 seconds, cooled and packaged aseptically
(figure 4).

Blending:

Pectin + Sugar Stirred Yoghurt

Long-Life

”Fruit Juice”
Yoghurt

Homogenisation Sterilisation
150 atm. 70 - 90°C o
15-20°C
30-40°C 30 sec.

Cooling Aseptic
Packaging

Figure 4. Flow Chart: Production of Long-Life Yoghurt

Yoghurt drinks stabilised with pectin may be sterilised to extend the shelf life to
6 months or more. Composition and viscosity of the drink may be varied in
accordance with market requirements, but generally the products contain the
following ingredients (26):

a) yoghurt: 30 to 80%;

b) sugar: approximately 8%;

¢) pectin: 0.25% to 0.6%;

d) fruit juice, fruit concentrate and/or fruit flavour: 0.5 to 10%;
e) water: to 100%.

Homogenisation disintegrates the yoghurt into casein particles, brings the pectin
into solution, and ensures optimum contact between the pectin and the surface of
the separated casein particles. Optimum pressure varies with the actual homo-
geniser used, but as a starting point 150 atm (2100 psi) is recommended. By
raising and lowering the pressure 50 atm and observing the influence on stability
of the final drink, the actual optimum pressure can be determined. Homogenisation
is made at the fermentation temperature. Increasing the homogenisation tempera-
ture results in an end product of inferior stability.

Homogenisation

195



196

s H N 5 HEEN

Another yoghurt type produced from UHT-sterilised milk and packaged under
aseptic conditions contained a living starter culture (figure 5) and had an in-
creased shelf life, but it had to be stored at relatively low temperatures (below
10°C). Because of the requirement for refrigeration, it is unlikely that such a
product will be successful in the market. In many countries, a product labelled as
“Yoghurt” must contain living starter culture bacteria, a requirement which is
met by this product.

The following processing stages are applied (figure 5) (236):

”Aseptic”
Starter

“Long-Life” Aseptic
Yoghurt Flavouring

Figure 5. Flow Chart: “Long-Life” Yoghurt Containing Living Bacteria

This is, however, a very demanding and expensive technology which is rarely
used in practice.
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17. Long-Life, High-Acid Products

Summary

Long-Life fruit juices, nectars and fruit juice drinks have become very popular
products. They are considered safe from a public health point of view. The main
spoilage organisms are yeast and moulds, though some bacteria (primarily
Lactobacillus and Streptococcus) can multiply at low pH values (i.e., below 4.6)
and are thus able to damage the product.

Because of the restricted number of possible spoilage organisms, the process-
ing and aseptic packaging of high-acid food commodities is rather simple. This
may actually lead to problems: over-confidence results in negligence!

Some processing and aseptic packaging systems have been specifically de-
veloped for handling high-acid or acidified beverages, their use being restricted
to such products. Some fruit juices, nectars and fruit juice drinks, particularly
those prepared from or with citrus fruit, are sensitive to heat-induced flavour
changes. Losses of vitamin C also occur in heat treatment. Consequently, the
heat load should be kept as low as possible. On the other hand, enzymes, espe-
cially pectinase, need to be inactivated and this requires a certain minimum heat
treatment.

In the discussion on “Long-life, High-Acid Products”, the handbook Fruit
Processing Technology (Chem. Chin G., Ag Science, 1992) has been a valuable
help. It has been used extensively in the section on “Fruit Juices and By-Products”.

1. General

High-acid products have a pH value of 4.6 (4.5) or lower. They include:

a) fruit juices; Why Different
b) nectars; Processing Parameters?

¢) fruit juice drinks, etc.

Often, but not always, aseptic packaging conditions are the same for high and
low-acid food products. However, the processing parameters are different for
four main reasons:

» bacterial spores do not germinate at pH values of 4.6 or below and, conse-
quently, they do not need to be killed since their presence does not interfere
with the concept of commercial sterility — they cannot multiply;

» the sterilisation efficiency of any heat treatment increases with a decreasing
pH value: less heat is required to achieve the same killing rate;

e pathogenic bacteria cannot multiply at low pH values and, consequently, high-
acid products are regarded as safe from the point of view of public health; and

* most fruit juices and fruit juice drinks are sensitive to heat-induced changes . .
. . . . .. .. . Typical Processing
in quality: mild processing conditions are preferred. This is particularly true Conditions
for citrus juices.

Fruit juices are usually processed at a temperature below 100°C. Some manufactur-

ers of processing equipment offer special, simplified “sterilisers” specifically de-

signed to operate at temperatures below 100°C. Other equipment features automatic

switch-over from low-acid to high-acid processing conditions. Typical parameters

for processing shelf-stable, high-acid products are temperatures in the range of 85-

95°C with holding times varying between 8 and 40 seconds (107, 174). Some fruit

products, especially tomato-based products, may require higher processing tempera-

tures (i.e., above 100°C).
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Because of aroma losses, direct heating (expansion cooling) is unsuitable for process-
ing fruit juices, nectars and fruit juice drinks. Often deaeration combined with aroma

recovery is used to remove foam and to reduce dissolved oxygen. A typical process-
ing line for the production of long-life juice is shown in figure 1.

Preprepared Heating D ti Pasteurisation
Juice ~30-35°C caeratien ~ 80-95°C

Aseptic Aseptic Cooling

Long-Life Juice Packaging Transfer to Ambient

Figure 1. Flow Chart: Processing and Packaging Line for Long-Life, High-Acid Products

2. Microbiology of High-Acid Food

Fruit and berries are protected against microorganisms by the epidermis and
often, in addition, by a waxy layer called cuticula. If the protective layers are
damaged mechanically or by birds or insects, microbial spoilage may take place
rather quickly. Because of the low pH in the material, mainly yeast and mould
will grow but also some bacteria will multiply and cause product spoilage.

Microorganisms enter the processing plant on the surface of fruit having
originated in soil, untreated water, dusty air and decomposed fruit (238). In
general, wild fruit and berries are less contaminated with microorganisms than
products grown in orchards.

In a fruit processing operation, it is important to control the raw materials
carefully and to reject products that are noticeably damaged. To a certain extent,
mechanical control devices are available but usually a visual inspection is
practised in combination with manual sorting.

The microflora vary from one orchard to another. It is therefore not possible
to give any generally valid information about the microbiology of the raw material.
In addition to what is already present at harvest, it has been found that the general
standard of hygiene during transportation to the factories may be the most im-
portant single factor for the microbiological quality of the fruit delivered.

If a lengthy period of time elapses between harvest and final processing it is
necessary to prevent the development of yeast and mould and reduce chemical
changes. Storage at low temperature has only limited value because many
product-spoiling moulds are able to grow even below 0°C. Freezing or storage in
controlled atmospheric conditions (CO,, ethylene oxide, etc.,) or storage of pulp
preserved with SO, are examples of storage methods.

When the raw material is to be processed, it is just as important for high-acid
products as it is for milk that hygiene be kept well under control.

2.1 Bacteria

Coliform bacteria and related types (e.g., Ervinia) are frequently present on or in
oranges before they are harvested (236). Fruit-flavoured soft drinks (pH 3) were spoiled
due to the growth of Acetobacter spp., resulting in formation of flocculation, and by
other Gram negative bacteria, as well as by Leuconostoc and Lactobacillus (153, 226).

2.2 Yeast

Thirty-five strains of asporogenous yeast were found to be less heat-resistant than
85 strains capable of ascospore formation. The genus Saccharomyces showed the
highest heat resistance (208). Heat-resistant spores from yeast (Saccharomyces
cerevisiae) have been isolated in apple juice.



| NN T T o

2.3 Mould

Spore-forming moulds have caused spoilage in a variety of fruit juice products,
including grapes and apples, cherries, strawberries and pineapple juice concen-
trate. Gas is normally not formed by moulds and, if so, very slowly (240) and in
small amounts only.

Spoilage by Byssochlamys was originally observed in England during the
early 1930s. The organism was later reported in Switzerland, Holland, the United
States, South Africa, Canada, South America and Australia. Spoilage of fruit and
fruit products by Byssochlamys has been a problem for the industry for a long
time. Byssochlamys fulva can form extremely heat-resistant spores. In apple
juice, heat resistance is affected by sugar concentration: the higher the concentra-
tion, the greater the resistance to heat. In an apple juice containing 47% sugar, 10
minutes at 101°C were needed to kill 10° spores of Byssochlamys fulva, while 10
minutes at 99°C achieved the same effect with spores of Byssochlamys nivea
(43). Fruit juice needs to be heated above 90°C to achieve sufficient killing of
Byssochlamys fulva (202).

Elimination of Byssochlamys fulva from equipment required

treatment with water or vapour at temperatures in excess of 90°C, Organism

or alkaline at 90°C, or cold sulphuric acid or chlorine containing _ _

disinfectants at 60°C (202). N. fischeri
T. flavus

Other thermo-resistant moulds isolated from fruit juice are
Neosartorya fischeri and Talaromyces flavus (232), their respective
D-values and z-values are given in table 1.

3. Microbiology of Sugars and Syrups

@ 3.1 Sugar

In the production of high-acid liquid drinks, sugar is often added to the formula-
tion. There are standards available for the microbiological quality of the sugars
or syrups used. Bottlers’ and canners’ standards are given below.

3.1.1 IDF (150)
IDF gives the microbiological specification for sucrose, as shown in table 2.

Type Average Counts Limit Single Count
Total Count 20.0/g 50/g
Moulds 3.0/g 10/g
Yeast 2.0/g 6/g
Osmophilic Moulds 2.0/g 6/g
Osmophilic Yeast 0.1/g 2/g

Table 2. Microbiological Standard for Sucrose (IDF)

3.1.2 Microbiological Standards for Bottlers: Sugar (7)
a) mesophilic bacteria: max. 200 per 10 g;
b) yeast: max. 10 per 10 g;
¢) moulds: max. 10 per 10 g.

3.1.3 Standards for Thermophilic Organisms in Granulated Sugar (7)
For Canners, National Food Processors’ Association: samples taken from five
bags or barrels of a shipment or lot.

Byssochlamys

D-value z-value

1.4 min (87.8°C) 5I68@
2.2 min (90.6°C) 5.2°C

Table 1. D-values and z-Values of Two
Thermo-Resistant Moulds
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a) Total thermophilic spore count: in the five samples examined, there shall be
no more than 150 spores and an average of no more than 125 spores per 10
grams of sugar;

b) flat sour spores: in the five samples examined, there shall be no more than 75
spores and an average of no more than 50 spores per 10 grams of sugar;

c) thermophilic anaerobic spores (gas-formers): they are to be present in no
more than three (60%) of the five samples, and to the extent of no more than
four (65%) of the six tubes inoculated in any one sample;

d) sulphide spoilage spores: they are to be present in no more than two (40%) of
the five samples, and to the extent of no more than five spores per 10 grams
in any one sample. This would be equivalent to two colonies in the six
inoculated tubes.

In the production of shelf-stable, aseptically packed products with very limited
availability of oxygen, the standard for bottlers and canners is probably the
most relevant. The storage area for crystalline sugar should be dark (prevention
of invasion by bees and other insects) and, of course, dry. Special care has to be
taken when sacks are emptied into a mixing tank in order to avoid contamination
by dust and other foreign matter.

3.2 Syrup
In the factory, the cleaning of tanks used for syrup or sugar solutions is critical.
There is an obvious risk that yeast will multiply on the surface of the liquid and
that mould will develop on the inside of the top of the tank or in shaft seals, etc.
This risk is enhanced by condensate formation which will dilute the sugar solu-
tion, particularly on the surface. Regular cleaning is important, as is the use of
alternate tanks. Refilling a tank containing a residual volume of sugar solution is
not permitted.

It is helpful to use ultraviolet light at the top of the tanks and an overpressure
of warm, filtered air in order to prevent the formation of condensate (the high
Brix sugar solutions are often stored at high temperatures).

4. Water for Reconstitution

Fruit juice may be, and often is, produced from concentrates and water. Since
water is quantitatively the main ingredient, its composition is of decisive impor-
tance for the quality of the product obtained.

4.1 Physical Requirements
The Joint ECE/FAO Codex Alimentarius (8) specifies the following standard for
water quality used in the reconstitution of fruit juice from concentrates:

a) the water has to be free from all substances able to influence negatively the
appearance, taste and flavour of reconstituted fruit juice;

b) the water is not to change the main physical characteristics of the reconsti-
tuted juice in comparison to the natural juice.

4.2 Microbiological Requirements (8)
The water has to be acceptable microbiologically:

a) water for the reconstitution of fruit juice concentrate shall be free from
pathogenic organisms;

b) no sample of water is to contain Escherichia coli. In 100 ml of water no
coliforms are to be present;

¢) the number of colonies obtained from 1 ml of water is not to exceed 100.
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4.3 Chemical Requirements

Water with a high degree of hardness influences the organoleptic quality of
reconstituted fruit juice prepared from concentrates by neutralising the fruit
acids. The water used for the reconstitution of fruit juice should be demineralised
and meet the standard shown in table 3 (30).

In reconstituted fruit juice, the content of some chemical components should not

exceed the limits given in table 4 (8).

Component Content Component Content
Sulphate (SO,) <200 mg/! Mercury (Hg) <0.001 mg/l
Chloride (ClI) <200 mg/! Selenium (Se) <0.008 mg/l
Nitrate (NO,) <45 mgl/l Calcium (Ca) <75 mgl/l
Arsenic (As) <0.04 mg/l Magnesium (Mg) <30 mg/l
Lead (Pb) <0.04 mg/I Manganese (Mn) <0.05 mg/I
Copper (Cu) <0.05 mg/l Fluoride (F) <1.5mgl/l
Zinc (Sn) <2.0 mg/l Sodium (Na) <120 mg/!

Iron (Fe) <0.1 mg/l

Cadmium (Cd) <0.006 mg/l

Cyanides (CN) <0.05 mg/I

Table 4. Water Quality: Reconstitution of Fruit Concentrates

Water for reconstitution is not to contain phenolic compounds or free chlorine.
The pH of the water should be no less than 6.5 and no more than 8.5.

5. Factors Affecting Shelf Life

The factors affecting shelf life are the same as those affecting the shelf life of
other foods. They include the quality of the raw materials, holding time before
processing, plant sanitation conditions, processing treatment, container character-
istics, oxygen content and storage temperature. High storage temperatures have a
negative impact on quality by accelerating non-enzymatic browning, flavour
change and nutritive value (181).

6. Fruit Juices and By-Products

6.1 Oranges

Citrus fruit may be processed into various products and by-products. The juice is
by far the largest component.

6.1.1 Pulpwash Juice

“Washed pulp solids” or “pulp wash” are soluble fruit solids recovered from a
pulp finisher by extraction with water. Soluble fruit solids from which the water
has been extracted are used for manufacturing juice drinks.

6.1.2 Comminuted Fruit Juice
This product is extracted by cutting up whole fruit and is used in drink-based
products. Its production is very limited.

[T 1T 11 ||

Component

Alkalinity

Total Solids

[ron

Manganese
Colour

Turbidity

Residual Chlorine

Table 3. \Water Composition

Content

<50 ppm
<500 ppm
<0.1 ppm
<0.1 ppm
<5 ppm
Colourless
None
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6.1.3 Segments

Segments are peeled fruit cut up into sections or into practically whole sections
of membrane. This type of product is very limited in volume and is canned and
pasteurised for storage at ambient temperature or canned and chilled to be used
in citrus salads.

6.1.4 Pectin

Many of the component parts of citrus fruit such as the flavedo, albedo, mem-
brane, juice vesicles, and the core contain varying quantities of pectin. Pectin is
not produced in a typical citrus processing plant since it requires complex manu-
facturing processes.

6.1.5 Juice Vesicles and Pulp Cells

Juice vesicles (pulp) can be recovered directly from the juice finisher. Both washed
and unwashed juice vesicles can be frozen or dried for use as stock material in
various types of beverages and food products. Pasteurised frozen pulp may be
used to adjust the pulp content of juice, juice concentrates, drinks containing
juice, and other beverages.

6.1.6 Essence

Volatile components are recovered during the evaporation-concentration opera-
tion by an essence distillation or condensation system. The essence contains oil
and aqueous phases. The essence oil floats on the top of the aqueous essence and
is decanted off in a tank. The aqueous essence contains aroma and flavour which
can be added back to the concentrate. The essence oils are processed by the flavour
manufacturers and used as a flavour enhancer.

The aroma fraction can be purchased separately together with the de-flavoured
concentrate thus permitting separate processing. The de-flavoured reconstituted
juice is heat processed while the essence solution is sterilised by filtration and
added back to the product after the heat treatment. This procedure eliminates heat-
induced flavour changes of sensitive aroma compounds.

6.1.7 Dried Animal Feed

Dried citrus pulp or pellets are made from the peel, rags, pulp and seed residue
ejected by citrus fruit extractors which are treated with lime and dried to 8-10%
moisture in the feed mill.

6.1.8 Citrus Molasses

Syrup is produced by evaporation concentration of the pressed liquid obtained
from lime-treated peel residues. Citrus molasses can be added back to the peel
residues to enhance the nutritional value of dried citrus pulp or used in the fer-
mentation of citrus alcohol.

6.1.9 d-Limonene

Limonene is a by-product that is recovered from the manufacture of citrus molas-
ses. The product comes from the peel oils that have been treated with lime in the
feed mill, and recovered by distillation from citrus press liquor or decanted from
the condensate of the molasses evaporator. Large quantities of d-limonene are
used in the plastics industry.
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6.2 Grapefruit

6.2.1 Pulp Wash

Pulp separated during the finishing operation can be washed with water to give a
low Brix solution of the adhering juice solids. In industrial practice, pulp is
washed with 1-3 kg water/kg pulp in one to eight stages resulting in about an
additional 7% recovery of soluble solids. Grapefruit pulp wash can be used in the
manufacture of juice drinks, citrus punch and similar products. Grapefruit pulp
wash is extremely bitter and should be used in moderation.

6.2.2 Essence Recovery

Commercially, the most widely used method of obtaining essence is through an
“Essence Recovery System” connected to the evaporator. When the feed juice
enters the first stage of the evaporator, essence-bearing vapours are boiled off
under vacuum with the water vapour.

Essence vapour enters the essence system at the vent condenser. The vent
condenser condenses about 90-95% of the essence product. Grapefruit essence is
a distilled aqueous solution of volatile compounds that possesses a characteristic
flowery or fruity aroma typical of freshly squeezed grapefruit juice.

6.3 Lemon and Lime

Most of the lemon juice retailed in the United States is consumed in the bottled
single-strength and lemonade beverage product forms. Frozen concentrated
lemonade is the leading form in the beverage category.

6.3.1 Lemon Oil

The range of applications of cold-pressed lemon oil is as extensive as that of pro-
cessed lemon juice. There is a heavy demand for lemon oil as a flavouring in
foods and soft drinks, cosmetics, pharmaceuticals and household products. The
market value of this product is usually very strong. Lemons contain 6-8 kg of oil
per metric ton of fruit. At least 50%, and as much as 90%, of this quantity can be
recovered.

Chemically, the essential oil of lemon is composed of sesquiterpene hydro-
carbons and terpene oxygenated terpene alcohols, aldehydes and esters and non-
volatile material including waxes, lipid esters, sterols, coumarins, psoralens and
other substances.

All citrus oils are subject to oxidation, and selection of proper containers and
storage conditions is of critical importance. Oxidative reactions in lemon oil are
accelerated or catalysed by light, heat and moisture.

6.3.2 Pectin

Pectin is the purified carbohydrate product obtained by aqueous extraction of an
appropriate edible plant material. Pectin is an essentially linear polysaccharide
containing between a few hundred and about 1,000 building blocks in a chain-
like configuration (26).

Because of the high concentration of pectic substances in the albedo of citrus
peel, these fruit juice extraction wastes serve as the chief raw materials for the
recovery of purified pectin sold to the food, beverage and pharmaceutical indus-
tries. Pectin derived from lemon peel is considered to be superior to orange and
grapefruit pectins in terms of jelly units, the jelly unit being a measure of both
pectin yield from raw material and jellifying power of the refined product. Lemon
albedo contains about 33% of its dry weight as total pectic substances.
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6.3.2.1 Production of Pectin
Figures 2 and 3 illustrate the process of pectin production.

Citrus Peel
Extraction
Peel Waste
(Animal Feed)

Precipitation

De-Esterification

2

Sugar H Blending |

3

Sugar Blending Standardised
LM-Pectin

Alcohol
Recovery

Concentration

Drying

Standardised
Pectin

Figure 2. Flow Chart: Production of Pectin

Drying .
Lemon Peel e Storage » Chopping

Steam Drying
8-10% Moisture

Pectin Pressing Washing

Figure 3. Flow Chart: Pectin Production from Lemon Peel

6.3.3 Shaved Peel

There is an essentially limited but constant demand for shaved lemon peel. The
product is used primarily in the manufacture of marmalade, spices and teas.

6.4 Passion Fruit

In the juice extracted from passion fruit, about two-thirds of the bulk is refuse, of
which 90% is rind and about 10% is seeds.
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6.4.1 Composition of Rind Material

Passion fruit rinds were found to be satisfactory as supplementing feed for dairy
cows. The rinds dehydrated rapidly without lime pre-treatment and the dried
material was acceptable to dairy cattle at 22% of the ratio. The composition of
passion fruit rind is shown in table 5.

Compound Fresh Purple Dried Yellow
Rind % Rind %
Moisture 81.92 16.80
Crude Protein 2.56 4.58
Ether Extract 0.12 0.33
Ash 1.47 6.76
Crude Fibre 5.01 25.66
N-Free Extract 7.14 45.87
Pentosans 15.70
Lignin 6.50
Pectin 1.78 20.00

Table 5. Composition of Purple and Yellow Passion Fruit Rind

6.5 Papaya

6.5.1 Puree and Syrup

Papaya puree can be used in the preparation of syrups to improve natural papaya
flavours and colours. These syrups can be used as a pancake or waffle syrup, ice
cream topping or similar dessert. Their composition is given in table 6.

Citric acid is added to papaya syrup to adjust the acidity to about pH 4. This
is necessary to permit mild heat treatment (88°C) in the subsequent pasteurisa-
tion of the product. Stabilisers and preservatives are added in amounts that do not
alter the final solids content by more than 0.1%.

An invert sugar and sugar are added while stirring and heating to 66°C.

6.5.2 Papain Production

Papain is one of the more important proteolytic enzymes used in the food, cos-
metics, leather and drug industries. Papain is derived from the latex of papaya
fruit. There are two major uses for papain in the food industry: for tenderising
meat and as a beer stabilising agent. It is estimated that beer stabilisation accounts
for about 75% of the consumption of papain.

6.5.3 Pectin
Papayas that are no longer useful in the production of papain can be used in the
production of pectin.

6.6 Guava

6.6.1 Guava Syrup

Guava syrup can be used in the preparation of syrups to improve natural flavours
and colours. These syrups are also satisfactory for use as pancake or waffle syrups,
as ice cream topping or similar desserts. One syrup formulation for guava is as
follows: to 20 1b of guava puree, stir in 40 Ib of 64° Brix pineapple ion-exchange
syrup and heat to 66°C; stir in an additional 40 Ib of sugar and continue to heat to
88°C, then hot-fill. Cool in a water bath.

Component Amount
Water 51b
Stabiliser 4.00 oz
Papaya Puree 20 Ib
Citric Acid 3.00 oz
Sodium Benzoate 0.80 oz
Potassium Sorbate 0.15 0z

Table 6. Composition of Papaya Syrup
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Figure 4. Flow Chart: Production of Guava Syrup

Sugar

6.6.2 Guava Pectin Powder

Guavas are a rich source of pectin. In some countries, they provide an inexpen-
sive and readily available source of this natural food thickener and gelling agent.
Figure 5 illustrates the production of pectin from guava puree.

Boiling Filtrati
20 - 30 min SHEton Slday
o F o |

Figure 5. Flow Chart: Production of Pectin

Pectin is extracted from guava pulp by boiling for 20 to 30 minutes with equal
amounts of pre-filtered water. The hot filtrate is used to extract additional
amounts of fresh guava pulp until a total solids content of 8.5% is attained. The
extract is further concentrated by vacuum evaporation until a 20% total solids
content is reached, at which point 0.2 parts of sugar are added for each part of
concentrated extract. This mixture of sugar and pectin extract is vacuum-dried
without the application of heat. The dry product is then ground into a fine powder.

7. Standards for Fruit Nectars

Standards for fruit drinks have been developed. The Codex Alimentarius Com-
mission on Standardisation of Fruit Juices (FAO/WHO Food Standard Program
1981) updated the Codex Standards for fruit juices, concentrated fruit juices and
fruit nectars. The Codex Standards for apricot, peach, and pear nectars preserved
exclusively by physical means (Codex STAN 44-1981) are as follows:

7.1 Description

Unfermented but fermentable pulpy product, intended for direct consumption, is
obtained by blending the total edible part of sound and ripe apricots, peaches or
pears, concentrated or unconcentrated, with water and sugars or honey and
preserved exclusively by physical means.

7.2 Essential Composition and Quality Factors

7.2.1 Minimum Content of Fruit Ingredient

The product shall contain no less than 40% w/w in the case of peach and pear
nectars, and no less than 35% w/w in the case of apricot nectars, of single-
strength fruit ingredient or the equivalent derived from any concentrated fruit
ingredient.
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7.2.2 Sugars

One or more solid sugars, as defined by the Codex Alimentarius Commission, is
to be added to the product. The total quantity of added sugar or honey, calculated
for dry matter, is not to exceed 200 g/kg of the final product.

7.2.3 Honey
Honey, as defined by the Codex Alimentarius Commission, may be used if it is
the sole sweetening ingredient added.

7.2.4 Lemon Juice

Lemon juice may be added as an acidifying agent.

7.2.5 Soluble Solids

The soluble solids content of the product is not to be less than 13% w/w as
determined by a refractometer at 20°C, with no corrections for acidity and read
as Brix on the International Sucrose Scales.

7.2.6 Apparent Viscosity
The apparent viscosity of the product is to be such that the flow time is not less
than 30 seconds, as determined by the method of Lamb and Lewis.

7.2.7 Ethanol Content

The ethanol content is not to exceed 3 g/kg.

7.2.8 Hydroxymethylfurfural
The hydroxymehtylfurfural content is not to be more than 10 mg/kg.

7.2.9 Organoleptic Properties

The product shall have the characteristic colour, aroma, and flavour of the fruit
from which it is made, taking into consideration the addition of honey as a
substitute for sugar.

7.3 Food Additives

The maximum levels of citric acid, malic acid and ascorbic acid are limited by
Good Manufacturing Practices (GMPs).

7.4 Contaminants

Limits for the content of metals are shown in table 7.

7.5 Hygiene
It is recommended that the products covered by the provisions of this standard be
prepared in accordance with the Recommended International Code of Hygienic
Practice for Canned Fruit and Vegetable Products (Ref. No. CAP/RCP 2-1969)
and the General Principles of Food Hygiene (Ref. No. CAP/RCP 1-1969, Ref. 1)
recommended by the Codex Alimentarius Commission.

When tested by appropriate methods of sampling and examination, the
product:

 shall be free from microorganisms capable of development under normal
conditions of storage; and

e shall not contain any substances originating from microorganisms in amounts
which may represent a hazard to health.

Contaminant Level
Arsenic (As) <0.2 mg/kg
Lead (Pb) <0.3 mg/kg
Copper (Cu) <5.0 mg/kg
Zinc (Zn) <5.0 mg/kg
Iron (Fe) <15.0 mg/kg
Tin (Sn) <250.0 mg/kg
Sum of Copper,

Zinc and Iron <20.0 mg/kg

Sulphur dioxide <10.0 mg/kg

Table 7. Limits for the Content of Metals
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7.6 Weights and Measures
7.6.1 Container Fill

Minimum Fill: The nectar is to occupy not less than 90% v/v of the water
capacity of the container. The water capacity of the container is the volume of
distilled water at 20°C which the sealed container will hold when completely
filled.

7.6.2 Labelling

In addition to Sections 1, 2, 4 and 6 of the Codex General Standard for the
Labelling of “Pre-packaged Foods” (Ref. No. CODEX STAN 1-1981), the
following provisions apply:

o The name of the food: the name of the product shall be “apricot nectar” or

“pulpy apricot nectar”, “peach nectar” or “pulpy peach nectar”, “pear nectar”
or “pulpy pear nectar”, as appropriate.

o List of ingredients:
a) acomplete list of ingredients including added water shall be declared on the
label in descending order of proportion;

b) the addition of L-ascorbic acid shall be declared in the list of ingredients as:
(1) “L-ascorbic acid as antioxidant™; or
(ii) “Antioxidant”.

» Net contents: the net contents shall be declared by volume in one or more of
the following systems of measurement: Metric, US or British units, as required

by the country in which the product is sold; for British units, units of capacity
measurement shall be used.

e Name and address: the name and address of the manufacturer, packer, dis-
tributor, importer, exporter or vendor of the product shall be declared.

o Country of origin: the country of origin of the product shall be declared if its
omission would mislead or deceive the consumer.

o Lot identification: each container shall be embossed or otherwise perma-
nently marked, in code or in plain language, to identify the producing factory
and the lot.

o Additional requirements: the following additional provisions shall apply:

a) no fruit or nectar may be represented pictorially on the label except the
species of fruit present in the nectar therefrom;

b) when the product contains honey the declaration “contains honey” shall appear
in close proximity to the name of the product;

¢) no claim shall be made in respect of “Vitamin C” nor shall the term *“Vitamin
C” appear on the label unless the product contains such a quantity of “Vita-
min C” as would be accepted by national authorities in the country in which
the product is sold, as warranting such a claim or the use of such a term.

d) where fruit nectars require to be kept under conditions of refrigeration, there
shall be information on how to keep and, if necessary, thaw the product.

*  Bulk packs: In the case of fruit nectars in bulk, the information required by
Sections 7.1 to 7.74 shall be either given on the container or in accompanying
documents except the name of the product and the name and address of the
manufacturer or packer which should appear on the container. However, the
name and address of the manufacturer or packer may be replaced by an
identification mark, provided that such a mark is clearly identifiable with the
accompanying documents.
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18. Processing and Composition
of Fruit Juice

Summary

Heat processing of fruit juice is a compromise between the effect desired, i.e., the
control of microbiological spoilage and/or enzyme inactivation, and the undesir-
able product changes inflicted by such a treatment. The choice of optimal
processing conditions becomes even more complicated if different products are
produced on the same line. Aspects of safety margins also need to be considered.
The microbiological result of a heat process is determined by:

Microbiological Result = Process Parameters + Microbial Load

Since the microbial load is not usually known, a certain amount of over-process-
ing is unavoidable.

A further factor to be considered is the composition of the product to be pro-
cessed. Of special interest are the pH and the presence and amount of certain
organic acids. In this chapter, the composition and most commonly used process-
ing conditions of a number of fruit juices are presented.

1. General

The processing conditions of products in general and of fruit juice in particular
are determined mainly by the goal of the process (for instance, commercial
sterility), the product, enzyme inactivation and microbiological aspects. The
microbiological load is determined by the quality of the raw materials (concen-
trates or fruit) and by the care which is exercised during all the pre-processing
stages.

2. Citrus Juice

Citrus fruits are classified botanically as berries (100). The thin outer cuticle
covering a flavedo layer is characterised by a green, yellow, or orange colour
containing numerous oil glands filled with an aromatic essential oil. Beneath the
flavedo is the albedo layer composed of light-coloured spongy tissue of varying
thickness. The albedo layer is high in pectic materials and certain bitter princi-
ples (100). The flesh of the fruit consists of segments divided by walls which
contain juice-bearing vesicles. These sacs are made up of an epidermal wall
easily ruptured to release the juice. The central core of the fruit is composed of a
light-coloured spongy tissue similar to the albedo.

2.1 Orange Juice

2.1.1 Production of Orange Juice Concentrate (54)

To obtain the juice, it is essential that during mechanical pressing, the extractor
should not be adjusted too tightly which will result in extraneous flavours from
the skin and larger amounts of pectins in the juice. Modern, highly efficient and
multi-effect falling film evaporators include a stabilising unit that inactivates the
pectinesterase in the juice (237). A typical process for the production of orange
juice concentrate is illustrated in figure 1 which shows the different process stages.
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Figure 1. Flow Chart: Production of Orange Juice Concentrate

Brazilian orange juice typically has a relatively low Brix/acid ratio of around
13 to 15. Orange juice from Florida and California have a significantly higher
ratio.

2.1.2 Pre-Processing

In the pre-processing area, the concentrates are reconstituted with water (figure 2).
The water can be obtained from the municipal water supply or from a well.
Concentrates are usually stored deep frozen ( -18°C) in drums.

I Intermediate Product

Orange Juice
Concentrate

Deep Frozen Mixing Tank Mixing Tank Mixing Tank
Storage

Figure 2. Flow Chart: Reconstitution of Orange Juice Batch Process

The quality of the water used for reconstitution is of primary importance (237).
To ensure the required quality, the water should be treated prior to use. Figure 3
shows an example of such a treatment.

Municipal Particle Filter Active Carbon
Water Supply Filter

Water for

g lon Exchange
Reconstitution 9

Figure 3. Flow Chart: Water Treatment

2.1.3 Processing and Packaging

After reconstitution, the orange juice may be heated to, for example, 95°C with a
holding time of 25 seconds in a plate heat exchanger. An aseptic transfer line
connects the heat exchanger with the aseptic packaging equipment (figure 4).
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Figure 4. Flow Chart: Production of Long-Life Orange Juice

The aseptic transfer can be “straight” piping between the heat exchanger and the
aseptic filling equipment, or an aseptic buffer tank may be used. The juice is then
packed in aseptic packages using suitable packaging equipment.

2.1.4 Distribution Equipment
If portion packs are used, a straw may be applied to each package after the packs
have left the packaging machine. The packages may then be placed in a tray,
shrink-wrapped and manually palletised. The outer wrapping used must provide
the mechanical protection needed during handling and distribution.

After being palletised, the product is transported into a store.

2.1.5 Product Characteristics

Aseptic processing procedures produce a higher quality orange juice than hot-
filling. However, differences in quality may disappear during storage at high
ambient temperatures.

Oxygen dissolved in the product, in the container head space, or permeating
through the package accelerates the rate of ascorbic acid destruction and non-
enzymatic browning (181) and reduces the shelf life. The most important factor
in determining the shelf life of aseptic orange concentrates and single-strength
juice is the storage temperature (130, 253).

The objective of aseptic processing is to eliminate microbial and enzymatic
activity and to provide a package environment in which an acceptable quality
level can be maintained during the entire intended shelf life of the product.

2.1.6 Enzyme Inactivation
The most important enzyme in citrus juice is pectinesterase, the activity of which
results in loss of cloud in juice or gelation in concentrates. Insufficient inactiva-
tion will lead to alteration of the naturally occurring pectin (100) resulting in gel
formation (54). Different time-temperature combinations are stated in the
literature for inactivation of the enzyme. One minute’s heating at 90°C was
found to be necessary to achieve a two log cycle reduction in pectinesterase
activity, which is necessary for commercial stability (130). In another study,
inactivation required a thermal process of 85-95°C with a holding time of 10 to
20 seconds (237). Table 1 illustrates the effect of pH on the inactivation of the
enzyme; higher pH values require higher temperatures (30, 219).

Further investigation revealed that a temperature of 82-87°C is necessary to
inactivate pectinesterase in orange juice.

2.1.7 Flavour

Of great significance to the flavour of citrus juice are compounds which contrib-
ute to bitterness, mainly limonene and naringin (100). About 0.02% of orange
juice are flavour ingredients, including 75-98% hydrocarbons, which are mainly
d-limonene, 0.6-1.7% aldehydes, 1% esters, 1% ketons and 1-5% alcohols (237).
Volatile flavours in citrus fruit are present as essential oils in the peel of the fruit
and as aqueous essence oils in the juice. During commercial juice extraction,
process peel oils are captured by means of water spray. The oil-water slurry is
then centrifuged to separate the oil from the water. Aqueous essences and
essence oils are distilled from the juice in the early stages of evaporation (100).

pH

2.4
3.2
3.3
3.8

Availability of Oxygen

Inactivation

of Pectinesterase

Temperature

74°C
89°C
90°C
94°C

(15 seconds holding time, pH adjusted

with citric acid in orange juice)
Table 1. Pectinesterase

Inactivation

Peel Oils:
Recovery
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During storage, orange juice or juice concentrates aseptically packed into card-
board cartons lined with polyethylene showed some loss of aroma volatiles,
mainly limonene which was absorbed into the plastic layer of the packaging
material (181). This is considered advantageous since limonene is known as a
precursor of off-flavour components (ci-terpineol) (109, 237).

Water Spraying

Water Phase

Concentrated
Juice

Figure 5. Flow Chart: Recovery of Aromatic Compounds during the Production of Orange
Juice Concenitrate

A total of 330 different volatile compounds have been found in citrus fruits. About
90% of the peel oil is (+)-limonene which is regarded as non-essential to orange
flavour (108).

2.1.8 Microbiology

During processing, some bacteria may develop in juice and juice concentrates,
especially Leuconostoc mesenteroides and Lactobacillus plantarum, and spoil
the product because of the production of acetoin (acethyl-methyl-carbinol). It is
common to control the quality of citrus as well as other products by chemical
rather than microbiological analysis. If the raw material has already been micro-
biologically spoiled, an increase in lactic acid, acetic acid, ethanol, glycerol and
acetoin will be found.

During concentration (evaporation), the amount of acetoin initially decreases
but after a few hours an increase is found if the product and the evaporator are
contaminated with, for instance, Lactobacillus. This may be taken as a signal
to stop production and clean, disinfect or sterilise the evaporator. The damage in
quality caused by vegetative bacteria is primarily an off-flavour.

Recently, product spoilage has been caused by unidentified species of
Actinomyces but it has not been clarified whether this was due to bacteria sur-
viving the process or re-contamination after the heat treatment.

In several studies it was found that different species of Penicillium cause blue
and green rot on citrus fruit.

Some moulds form rather heat-resistant types of spores, such as chlamydo-
spores. They may survive the pasteurisation process and cause spoilage in
finished products. Chlamydospores of Byssochlamys fulva and Fusarium
oxysporum have been found to survive the pasteurisation of citrus products.
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Several genera of bacteria can survive in juice concentrate for several weeks but
they have not been known to multiply in juice with more than 20° Brix if the
temperature is lower than 5°C.

Spoilage by microorganisms is limited to acid-tolerant populations which are
predominately lactic acid bacteria, yeast and moulds. Thermal resistance of
yeast ascospores is somewhat higher than that of vegetative cells. Heat resistance
is also higher in concentrates than in single-strength juice. The thermal resistance
of Leuconostoc, lactobacilli and yeast was determined in single strength orange
juice and in a 42° Brix orange concentrate. As shown in table 2, the organisms
had greater heat resistance in the concentrate (194).

Single Strength Concentrate
Organism F71 z F71 z
Leuconostoc 0.04 min 7 0.23 min 10
Lactobacilli 0.28 min 7 1.20 min 18
Yeast 0.35 min 6 6.70 min 9

Table 2. Heat Resistance of Some Spoilage Organisms

Low oxygen levels in packed products usually prevent or retard the growth of
the moulds Byssochlamys and Penicillum sp. To kill ascospores of several
isolates of Byssochlamys fulva required 20 to 50 minutes at 88°C with z-values
ranging from 4-8°C (130).

High counts of faecal coliform-positive, capsule forming Klebsiella pneumo-
nia cells were observed in high densities (10* to 108 CFU/100 ml) in two com-
mercial batches of frozen orange juice concentrate (table 3) (119).

No. of lots No. with No. with Faecal
analysed Coliforms Coliforms
39 29 22
4 4 4

Table 3. Coliforms in Orange Juice Concentrate

In orange juice concentrate, the following generation times (table 4) were deter-
mined for Klebsiella pneumonia (119). The results appear, however, to be unlikely.

Temp. Generation Max.
°C Time (h) Count/ml
4 1.84 2.00 x 107
25 0.48 1.65 x 108
34 0.39 1.24 x 108

Table 4. Effect of Temperature on Generation Time and
Maximal Counts of Klebsiella Pneumonia in Orange
Juice Concentrate

2.1.9 Quality Control of Orange Juice

The United States Food and Drug Administration defines the standard of identity of
orange juice as follows: “Orange juice is the unfermented juice obtained from
mature oranges of the species Citrus sinensis. Seeds (except embryonic and small
fragments of seeds that cannot be separated by good manufacturing practices) and
excess of pulp are removed. The juice may be chilled, but is not frozen”.

Spoilage
Organisms

US FDA Definition of
Orange Juice
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2.1.9.1 Microbiological Testing

Methods of testing microbiological quality vary. Most quality control depart-
ments utilise thermal abuse testing. Often temperatures between 25°C and 35°C
are used for periods ranging from overnight to two or more days. Periods of this
length are definitely too short for testing long-life products.

Bacteria Yeast Moulds
Acetobacter Alternaria Aspergillus
Bacillus (?) Brettanomyces Byssochlamys
Citrobacter Candida Cladosporium
Enterobacter Hanseniaspora Fusarium
Escherichia Hansenula Geotrichum
Gluconobater Klockera Mucor
Klebsiella Pichia Penicillium
Lactobacillus Rhodotorula Rhizopus
Leuconostoc Saccharomyces

Proteus Torulaspora

Serratia

Table 5. Genera of Microorganisms Isolated from Citrus Products

Because of the low pH value, bacterial growth is mainly limited to Lactobacillus
and Leuconostoc (31). The most common spoilage organism is yeast (238). At the
end of the abuse period, microbial growth is evaluated by:

a) standard plating on orange serum agar and/or acidified potato dextrose agar; or
b) the visual inspection of packages for obvious fermentation.

Concentrates are most often diluted prior to plating.

Production of diacetyl by lactic acid bacteria gives a butter-like or buttermilk
off-flavour in citrus juice and has been used as an indicator of microbial
spoilage. A level of 0.8 ppm diacetyl is regarded as a cut-off point to indicate
when a processing line should be cleaned and sanitised.

2.1.9.2 Chemical and Physical Testing

The orange juice must meet relevant official standards which vary from country
to country. Tests which are commonly conducted include: soluble solids (Brix),
total titrable acidity (TA) as citric acid, Brix/acid ratio, pH, colour score, cloud,
pectin methyl esterase, suspended pulp, screen pulp, quick fibre pulp, juice
bitterness, recoverable oil in juice, ascorbic acid (vitamin C), total aldehydes,
ash, and chemical oxygen demand.

2.1.9.3 Quality Improvement

Consumers typically describe orange juice as flavourful, aromatic, colourful,
healthy, natural and refreshing (100). Quality evaluations of citrus juice are
based on objective and subjective characteristics. The final criterion for the quality
evaluation of citrus juice is subjective or sensory (100). An improvement in
quality of reconstituted orange, grapefruit, apple and grape juice became pos-
sible by the sterile injection of a mixture of alcohol (10-15%), water and flavour
compounds into the heat-processed juice base. As illustrated in figure 6, this can
be done either before or preferably during the aseptic filling operation (20, 237).
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Figure 6. Flow Chart: Separate, Sterile Addition of Flavour Compounds

In the process of concentration, the juice base and a flavour fraction are obtained
separately. Normally, both fractions are mixed in the process of reconstitution or
before shipping of the concentrate. Some of the aroma compounds are adversely
affected by the heat treatment. This can be avoided by sterile injection of a liquid
aroma solution (figure 6).

In addition, frozen citrus cells may be added in an amount of up to 10-20 g/litre
of product (237).

2.2 Lemon Juice

If existing local standards have to be followed, they may vary from country to
country (USA: 21 CFR part 146, canned fruit juices) (31). The pH range of
lemon or lime juice is 2.2 to 2.6 (238).

2.2.1 Concentrates

Factors of product quality which must be scored to ascertain grade are mainly
colour and flavour. In addition, cloud strength and stability should also be tested.

a) Cloud strength: is measured by reading the visible light absorbency of a
sample of reconstituted juice that has been centrifuged under defined condi-
tions.

b) Cloud stability: can be estimated simply by observing the cloud retention in a
sulphided sample of reconstituted juice stored at ambient temperature for
several days.

2.2.2 Single Strength
USA 21 CFR, Sec. 146.114 (31) specifies: products reconstituted from concen-
trates must have a titrable acidity (TA) of at least 4.5% by weight and a soluble
solids content of at least 6% determined by refractometry but not corrected for
acidity. The United Nations Codex Alimentarius Commission has also recom-
mended 4.5% TA and 6° Brix.

Since flocculation of lemon juice cloud by low methoxyl pectin is dependent
on interaction with polyvalent metal ions, the quality of the water used for
reconstituting the juice has sometimes been of concern.

3. Apple Juice

Experience has shown that in spite of all the very variable parameters which may
influence the composition of the apples and their juice, a large number of values
are statistically subject to laws which may be quantitatively and qualitatively
characteristic of the various types of apple. Collection and consideration of these
parameters is justified for assessing the products for their quality, authenticity
and identity.

Citrus Juice:
Definition

215
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A reference standard is a guideline for what is considered an acceptable juice.
European Community Reference Standards (ECRS) for apple juice require that
the product meet the limits of composition shown in table 6. In addition, the
content of metals is not to exceed the values stated in table 7.

Parameter Limit Heavy Metal Limit
Rel. Density 20/20 > 1.045 Arsenic (As) < 0.1 mg/l
°Brix >11.2 Lead (Pb) <0.2mgl/l
Volatile Acids as Copper (Cu) < 5.0 mg/l
Acetic Acid < 0.4 g/l Zinc (Zn) < 5.0 mg/l
Ethanol <3.049/ Iron (Fe) <5.0mgl/l
Lactic Acid <0549/ Tin (Sn) < 1.0mgl/l
Sulphurous Acid < 10.0 mg/l Mercury (Hg) < 0.01 mg/l
Sodium < 30.0 mg/l Calcium (Ca) < 0.02 mg/l
Nitrate < 10.0 mg/I

Patulin < 50.0 ug/l

Table 6. Absolute Quality Requirements Table 7. Limits on Metal Content

Apple juice is obtained, by definition of the EC Directive, from mature and sound
fruit by mechanical processes and is treated by physical means and/or diffusion
processes, provided that the concentrated juice thus obtained shows the same
organoleptical and analytical characteristics as the product obtained by mechani-
cal processes only.

The clearing of apple juice before concentration is recommended and may
proceed as illustrated in figure 7 (127).

= o W o

Betor!ite Fermentation Sieve Pressing
Gelatine

Filtration Pectinase
Amylase

Clear Apple
Juice

Figure 7. Flow Chart: Production of Apple Juice
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4. Tomato Products

A rather wide range of different tomato products are on sale today. Many of
these are available as long-life products.

4.1 Processing of Tomatoes

Fresh Tomatoes Washing Sorting Waste out

Blenching
(3 Possible
Choices)

Crushing
15x15x 15 mm

Cold Break Hot Break Super Hot Break
60-65°C 92-95°C 105-108°C

Sieve: 1 mm Sieve: 0,4 mm
Peels, Seeds Raw Fibre

Tomato Juice Aseptic
ca. 5 Brix Packaging

Figure 8. Flow Chart: Production of Long-Life Tomato Juice

T P Tomato Paste Tomato Paste Tomato Paste
omat102 B"fee Concentrated 2 x Concentrated 3 x Concentrated
Bt 22 18 to 20 Brix 28 to 30 Brix 36 to 38 Brix

Aseptic Aseptic
Packaging Packaging
(TBA) High Viscosity Kit

Figure 9. Flow Chart: Production of Long-Life Tomato Puree and Paste

As shown in figures 8 and 9, a total of five different products is obtained (tomato
juice, tomato puree and three types of tomato paste) which can be marketed as
such or used as raw materials for the manufacture of other tomato-based products
such as tomato sauce, ketchup, etc. The variety of resulting products is plentiful.
Tomato products are rather heat-stable. Typical processing parameters for the
sterilisation of tomato juice and tomato products are above 100°C. Values
suggested are:

*  100°C, 90 minutes;

e 115°C, 3 minutes;

« 120°C, 1 to 2 minutes;

e 120°C for 15 seconds if followed by aseptic filling procedures (107).

Tomato
Products
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pH Variations!

Spoilage by
Bacillus and Clostridium

Howard

Mould Count
Component Content
Dry Matter 5-6%
Total Sugar 1.5-3.0%
Total Acid 0.4-0.7%
Vitamin C 20 -30 mg/100g

Table 8. The Composition of Tomatoes
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4.2 Microbiology

Whereas in fruit products based on oranges, apricots, apples, etc., spoilage by
heat-resistant bacteria is uncommon, tomato-based products are different. It is
possible that the pH as such is part of the explanation. Perhaps the types of or-
ganic acid and other compounds have a specific inhibitory effect on the germina-
tion of spores of heat-resistant bacteria.

The pH variations observed in tomatoes are very large (figure 10). The pH
range registered in California (1975) was from 3.6 to 4.8. pH, and values as high
as 5.4 have been reported. Even at pH readings below 4.6, growth of Bacillus
coagulans and Clostridium sp. can occur. Bacillus coagulans spores can germi-
nate in tomato juice at pH values down to 4.2, or even 4.0 (107). Growth has even
been registered as low as 3.8.

In tomato products, several strains of Bacillus and Clostridium have been
found to cause product spoilage. Extensive studies have shown that pH levels
increase in mould-damaged tomatoes. Visual inspection, and sorting and trim-
ming the raw material become critical for the quality of the juice, paste or other
products. If mouldy tomatoes are processed the result is an increased load of
bacteria which can grow in the tomato because of the higher pH: the risk for
product spoilage thus increases. If the raw material received by the food proces-
sor is already pulp or tomato concentrate, an often recommended method of
quality control is the Howard mould count. In principle, a smear of product is
studied in the microscope and the number of fields containing mould elements is
counted. The test has, however, limited value when the product has been homog-
enised. During homogenisation, larger pieces of mould growth are split up into
numerous elements which gives a misleading result.

4.3 Composition

The composition of tomatoes is shown in table 8.

4.4 The pH of Tomatoes
When the pH of tomato juice begins to approach 4.3, consideration should be
given to acidification. If the pH averages 4.3, there is the possibility that the pH
of some individual tomatoes may exceed 4.5. The risk of economic spoilage
increases greatly. Above pH 4.8, the danger of botulism begins to appear (206).
In order to avoid different processing temperatures and to obtain a product with a
more uniform quality, some producers adjust the pH of tomato products by
adding acid (usually citric acid).
The wide variation in pH of mature tomatoes is shown in figure 10.

Frequency
4000 ==
3700 =
3400 =
3000 ™
2600 =
2200 =
1800 ==
1400 ™
1000 =

600 ==

200 ==

= pH
3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4

Figure 10. pH Variations in Tomatoes
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Organic acids and sometimes salt (NaCl) and other spices are needed in the
formulations for other tomato-based products. In particular, acids of small
molecular size (acetic acid) may cause problems (corrosion of the aluminium
foil) in laminated packaging material structures. Special inner coatings are
required to prevent this defect.

5. Cranberry Juice

The production of cranberry juice is illustrated in figure 11. The composition of
the resulting juice is shown in table 9.

w o m

Milled
Cranberries

Filtration Cranberry Juice Pressing

Pasteurisation Pasteurisation

Pasteurisation and Cooling and Chilling

Hot Fill Aseptic Fill Cold Fill

Figure 11. Flow Chart: Production of Cranberry Juice

6. Strawberry, Raspberry and Blackberry Juice
Because of similarities in processing procedures, strawberry, raspberry and
blackberry juice are presented together. The production of long-life juice is
shown in figure 12.

Strawberries
Raspberries
Blackberries

Washing Inspection

Enzyme
Treatment
(50°C)

Pressing

Centrifuge

Pectolytic

Deaeration Pasteurisation
Enzymes

Aseptic Filling

Figure 12. Flow Chart: Production of Long-Life Strawberry, Raspberry and Blackberry Juice

Component Per cent (%)
Water 93.0
Carbohydrate 6.8

Ash 0.2

Fat <0.1
Protein <0.1
Vitamin C 2 mg/100 ml
Crude Fibre 0.0

Table 9. Composition of Cranberry Juice
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Table 10 contains the composition of strawberries and raspberries, while table 11
reveals the vitamin content of strawberries, raspberries and blackberries. The
mineral content of these berries is given in table 12.

Strawberry Raspberry
Component Per cent (%) Per cent (%)
Water 91.57 89.40
Protein 0.61 0.31
Fat 0.37 0.00
Carbohydrates 7.02 7.14
Energy (KJ) 127 124

Table 10. Composition of Strawberries and Raspberries

Strawberry Raspberry Blackberry

Vitamin Content/100 g Content/100 g Content/100 g
Ascorbic Acid 56.7 mg 25 mg 13 mg
Thiamine 0.02 mg 0.03 mg 0.048 mg
Riboflavin 0.066 mg 0.09 mg 0.05 mg
Niacin 0.23 mg 0.90 mg 0.359 mg
Panthothenic Acid 0.34 mg 0.24 mg 0.093 mg
Vitamin Be 0.059 mg 0.057 mg 0.036 mg
Folacin 17.7ug
Vitamin B12 0 ng 0 ng 0 nug
Vitamin A 271U 130 IU 100 IU

Table 11. Vitamin Content of Strawberries, Raspberries and Blackberries

Strawberry Raspberry Blackberry
Minerals Content/100g Content/100g Content/100 g
Calcium 14 mg 22 mg 6 mg
[ron 0.38 mg 0.57 mg 0.17 mg
Magnesium 10 mg 18 mg 5 mg
Phosphorus 19 mg 12 mg 10 mg

Table 12. Mineral Content of Strawberries, Raspberries and Blackberries

7. Pineapple Juice

7.1 Quality of Raw Material

Both the US and the Codex Pineapple Juice Standards specify the use of “sound,
ripe” pineapples. Sound is interpreted to mean the absence of cracked, split,
diseased or fermented fruit.

7.1.1 Holding Time Before Processing
Although some tropical fruits are, or almost are, sterile when protected by an un-
blemished exterior skin or shell, pineapples are not. At ambient tropical tempera-
tures, pineapples must be transported and processed promptly to prevent the fruit
from fermenting or decaying. In the processing plant, the problem becomes
potentially worse after juice extraction.

Thus, processing within 24 hours after harvesting and final packaging within
two hours after juicing are recommended.
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The pineapple has a characteristic flavour with a delicate aroma and a pleasing
sweet/sour taste. The fruit when ripe has a soluble solids content of 14°Brix and
an acid content of 0.75%. Fruit which has a Brix/acid ratio of approximately 20
produces a high quality juice which is usually a by-product (233). Pineapple
juice is produced from the fruit pulp that adheres to the skin, the core parts, clean
parts of the trimmings, undersized fruit and “drain juice”.

7.1.2 Product Standards
United States: single-strength pineapple juice is regulated by:

a) the mandatory Standards of Identity, Quality, and Fill of Containers of the
Food and Drug Administration; and

b) the voluntary Standards for Grades of Pineapple Juice of the US Department
of Agriculture - Agricultural Marketing Service.

Worldwide: single-strength pineapple juice is covered by the voluntary FAO/
WHO Codex Alimentarius Commission 1981 Codex Standards for Pineapple
Juice Preserved Exclusively by Physical Means, and by standards promulgated
by individual countries.

7.1.3 Quality Control/Assurance

The appropriate legal standards, including test methods, imposed on pineapple
juice prepared from fresh fruit or concentrate may vary from the basis of a quality
control or quality assurance programme. The main objective is to produce pine-
apple products that meet these standard specifications. Disposition of products
that do not meet the standards include:

a) downgrading of product quality declared on the label;

b) reprocessing;

¢) donating product to charity; or

d) discarding.

To ensure that minimum standards are met for the production lot, the following
checks are necessary at regular intervals:

a) °Brix;

b) percentage total acidity;

¢) Brix/acid ratio;

d) percentage insoluble solids;

e) container fill;

f) colour (subjective);

g) flavour (subjective);

h) defects (subjective);

i) mould count, using the Howard Mould Count Method;
j) vitamin C content;

k) dimethylpolisiloxane (antifoam) content;

1) percentage added sweetener;

m) dissolved metal content: arsenic, copper, iron, lead, tin and zinc;
n) ethanol content;

0) sulphur dioxide content;

p) product pH;

q) processing parameters; and

r) packaging conditions.

Plneapple Juice:
A By-Product!
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Component Content
Total Sugar 7.5-18.4 %
Acidity

(Citric Acid) 0.60 - 1.62 %
Vitamin C 8 - 165 mg/100g

B-Carotene  0.16 - 0.29 mg/100g
Phenolics 3 -7 mg/100g
Juice Yield 72%

Table 13. Composition of Pineapples (223)

Byssochlamys fulva!
Component Content
Total Sugar 7.4-13.3 %
Acidity
(Citric Acid) 2.40-4.80 %
Vitamin C 22 - 70 mg/100g
B—Carotene  1.07 - 1.70 mg/100g
Phenolics 3 -6 mg/100g
Juice Yield 22 -53 %

Table 14. Composition of Passion Fruit
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7.2 Composition
The composition of pineapples is shown in table 13. Very large variations can be
observed in the vitamin C and sugar content.

7.3 Production of Concentrate

Pineapple juice concentrate is available on the market. It has to be handled care-
fully because it easily develops a brownish colour defect, probably caused by
oxidation.

Figure 13 illustrates the processing steps involved in the production of
pineapple juice concentrate.

Jﬁneapple WW

Small Pineapples

Pulp Slurry H Sieve H Deaeration H :: a:;ng
Concentrate Concentration Pasteurisation Centrifug_ation Fibre
(3:1 or 6:1) 90°C Separation

Figure 13. Flow Chart: Production of Pineapple Juice Concentrate

Volatile flavour material is stripped from the juices in the concentration process.
The product is intensified a hundredfold and added back to the pineapple concen-
trate (223).

7.4 Microbiology
Some strains of Byssochlamys are capable of producing patulin, a mycotoxin of
considerable potency. Patulin has also been confirmed in pineapples.

The soil-borne Byssochlamys fulva presents unique problems because thermal
processes of 100°C or less that are typically used with acid foods including pine-
apples, do not destroy its chlamydospores. Increasing the severity of the process
is considered an unsuitable alternative due to the resulting poor quality of the
product. The best method for preventing spoilage is to prevent mould growth on
equipment, transport containers and fresh fruit.

Spoilage of pineapple fruit concentrate and juice by heat-resistant Talaromyces
has also been reported. The organisms had comparable D, . values of 2 to 8
minutes depending on the strain, with an approximate z-value of 10.3°C.

8. Passion Fruit

The passion fruit is small and oval, with a hard leathery skin. Two types of fruit
are generally cultivated: the yellow and the purple passion fruit. The latter is the
more commonly used in the production of juice due to its intensive flavour. The
juice is high in acidity while the °Brix/acid ratio is very low, in the order of 5
(223).

Table 14 shows the composition of passion fruit (16).
The processing steps involved in the production of passion fruit concentrate are
illustrated in figure 14.

o
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Jpassmn o WW

Starch |

N N q Paddle Finisher Heating Centrifugation
DR # Centitigation (Separation) Low Temperature or Pressing

Seeds | Pectinase

Deep
Freezing

Packaging
Freezing

Pasteurisation Evaporation Concentrate
88°C Low Temperature 50° Brix

Figure 14. Flow Chart: Production of Passion Fruit Concentrate

The low temperature treatment in combination with pectinase break the juice
sacks, reduce the juice viscosity and increase the yields. The distinctive aroma of
passion fruit is very sensitive to heat treatment. Deaerated single-strength juice is
therefore preferably preserved by freezing without heat treatment (223).

9. Mango Juice

The mango fruit is low in acidity with a °Brix/acid ratio of about 40. Its vitamin
C content is moderately high. Mango fruit has a pronounced flavour with a dis-
tinctive taste and a very attractive yellow colour (223).

The composition of mango fruit (223) is shown in table 15.

Concentrates of mango fruit are available as a frozen pulp product. Typical
manufacturing steps involved are illustrated in figure 15.

Steaming
2-2.5 min.

Centrifugation

Heating
90°C, 2 min

Packaging

Freezing Paddle Finisher

Figure 15. Flow Chart: Production of Mango Pulp

Mango juice concentrate has been prepared experimentally by freeze concentra-
tion or vacuum evaporation of the entire pulp, as well as by pulp-serum separa-
tion followed by freeze concentration.

Component Content
Total Sugar 10.0-15.0 %
Acidity

(Citric Acid) 0.200.70 %
Vitamin C 10 - 100 mg/100g
B—Carotene 2 - 6 mg/100g
Phenolics 32 - 75 mg/100g
Juice Yield 31 %

Table 15. Composition of Mango Fruit
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Component Content
Total Sugar 3.0-11.0%
Acidity

(Citric Acid) 0.36 - 0.66 %
Vitamin C 200 - 700 mg/100g
B—Carotene 2 -6 mg/100g
Phenolics 37 mg/100g
Juice Yield 25 - 30 %*

* without enzyme treatment

Table 16. Composition of Guava Fruit

Component Content

Total Sugar 9.0-10.0 %
Acidity

(Citric Acid) 0.05-0.10 %
Vitamin C 18 - 180 mg/100g
B-Carotene  0.06 - 0.24 mg/100g
Phenolics 3 -6 mg/100g
Juice Yield 70 %

Table 17. Composition of Papaya Fruit
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10. Guava

Guava juice has an average °Brix/acid ratio of 20 with low pH values in the order
of 3.2. The low pH and the high phenolics content explain the rather sour, astrin-
gent taste. The fruit is a good source of vitamin C, see table 16 (223).

The quality attributes of guava puree which are monitored are flavour, colour,
acidity, soluble solids and pH. Because of the wide variation between guava
varieties and regional preferences, there is no singular quality standard for guava
puree or juice.

In figure 16, typical steps for the production of guava juice are given.

o +W%
Sieve 12 hours
37-43°C

Guava Juice
10.8 Brix

Figure 16. Flow Chart: Production of Guava Juice

The composition of the guava fruit (223) is shown in table 16.

The traditional method for increasing juice yield involves boiling the fruit pulp
before pressing. Such a process spoils the natural flavour and destroys valuable
nutrients such as vitamin C. A newer method is treatment with pectolytic en-
zymes. The 12-hour treatment can be shortened to 90 minutes by increasing the
amount of pectolytic enzyme added. This may also increase the juice yield to
about 77%. Processing without peeling has been recommended because of the
high vitamin-C content of the peel (223). Concentration may lead to processing
problems due to the high viscosity of the product.

11. Papaya

Papaya has a low-acid content resulting in a °Brix/acid ratio of more than 100 and
pH values between 5.0 and 5.5. Most of the papaya crop is consumed as fresh
fruit. Only a small amount is processed into puree (223).

The composition of papaya fruit (223) is given in table 17.

Attributes for which papaya puree is generally analysed during quality control
are: pH, total acid, odour, flavour, colour and black speck count. The black specks
are particles from the spicules of the seed coat.

Black Specks: ten millilitres of puree are placed on a Kontes ground glass,
thin-layer, chromatographic plate. A clear glass plate is positioned on top which
presses the puree into a layer about 0.25 mm thick. The plates are placed on a
light box fitted with a green filter. The black specks are counted within one
square inch. The generally accepted range for black specks is 0.0 to 1.0 per
square inch.

Figure 17 shows the typical production steps involved in the manufacture of
papaya puree.
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i Water Bath
P F
MW S
g q Crushing : 5 q q
Citric Acid \* (Scraper) Cutting Spray Cooling Steaming 2 min

Centrifugation Pasteurisation Puree Finisher
96°C, 2 min

Packaging Fibre
Freezing

Citric Acid

Figure 17. Flow Chart: Production of Papaya Puree

Pasteurisation (96°C for two minutes) is necessary to inactivate the enzymes
present in the fruit. During storage, off-flavour development and gelation occurs
in papaya puree which has not been acidified and sufficiently heat-treated.

12. Cashew Apple

Cashew apple is the flesh to which the cashew nut is attached. The fruit is grown
for the nut. Cashew apple is therefore considered to be a waste material.
The composition of cashew apples (223) is shown in table 18.

Cashew apple juice has a characteristic flavour with a °Brix/acid ratio of ap-
proximately 20. A high tannin content makes the juice very astringent. The fruit
deteriorates rapidly and must be processed as quickly as possible. The juice ob-
tained (without enzyme treatment) has a soluble solids content of 9 to 12.5 °Brix.

In figure 18, the typical processing steps involved in the manufacturing
procedures of cashew apple juice are presented.

o me

Clear, Yellow Gelatine

Juice Treatment Filtration Pressing

Figure 18. Flow Chart: Production of Cashew Apple Juice

Component Content
Total Sugar 8.4-21.0%
Acidity

(Citric Acid) 0.33-0.64 %
Vitamin C 15 - 455 mg/100g

B—Carotene  0.12 - 0.36 mg/100g
Phenolics 60 - 200 mg/100g
Juice Yield 55-80 %

Table 18. Composition of Cashew Apple
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Component

Peel

Yield

pH

Total Soluble Solids
Titrable Acidity

Content

27.80 %
61.50 %
4.60 %
17.00 %
0.28 %

Table 19. Composition of Litchi Juice
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13. Litchi Juice

To obtain a non-bitter litchi juice, peeling is necessary prior to pressing. The
juice must be pasteurised after pressing to retard further microbiological deterio-
ration. A clear juice is obtained only by centrifugation and filtration, since
pectolytic and cellulolytic enzyme preparations do not appear to assist the
clarification process (211).
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19. Soya Bean Products

Summary

Soya bean products in general and soya bean drinks in particular are gaining in
consumer interest. Long-life soya bean drinks have been on the market for a long
time, mainly in the Far East. Traditionally, Chinese people have consumed large
quantities of soya bean products including drinks. To the European palate, the
“beany” taste of soya bean drinks has been a hinder to its acceptance. Modern
technologies have developed procedures by which this “beany” flavour can be
eliminated or reduced to a sufficient degree.

Another problem, flatulence, is associated with oligosaccharides present in
soya beans. The content of these can be reduced to an acceptable level. Today,
soya bean drinks are accepted even by the European consumer.

1. General

From a total of 95 million tons of soya beans produced worldwide, 70.5% were
utilised as animal feed, 13.7% for oil, 8.4% for lecithin, 5.3% for human con-
sumption and 2.1% to produce edible proteins (71).

Soya drink production aims at manufacturing a consumer-acceptable, nutri-
tious, good quality product with a high yield and at low cost. Soya drinks should
be promoted as products in their own right made from soya beans. They should
not be disguised as pseudo-products or as an imitation of dairy products (99).

Soya beans are processed by two different procedures (71).

1) In the “western procedure”, the components are extracted and separated.
Hydrocarbons are used for fat extraction; the proteins are extracted with
alkaline and subsequently precipitated by acid.

2) The “Far Eastern method” is based on water extraction of the components
which are processed together.

A soya bean drink is the water extract of soya beans, a white-coloured
emulsion which, in appearance, resembles cow’s milk. Traditionally, the product
is obtained by soaking soya beans overnight, followed by wet grinding and
filtering through a cloth. The product has an undesirable beany flavour which
can be eliminated by modern technology so that an organoleptically enjoyable
product can be produced.

2. Processing

Large-scale industrial production of soya drinks consists of 11 steps (99) as
shown in the flow chart in figure 1.
In the following section, these 11 process steps are discussed in some detail.

W Dehulling H Soaking H

m -

H Sterilisation Packaging

Figure 1. Flow Chart: Production of soya Bean Drinks

Soya Bean Production
and Consumption

Soya Bean
Drinks
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2.1 Cleaning

Commercial soya beans contain microorganisms, dirt, and dust on their surfaces.
Foreign materials such as straw, stones, metals and weeds should be removed.
Just as important is the removal of damaged soya beans.

It is an advantage to wash the soya beans before they are processed. The
beans swell to a very high degree when immersed in water. Washing should be
done at ambient temperature (~ 30°C) for a minimum of two hours, but for not
more than five hours. Separating is necessary to remove stones, etc., from the
soya bean material.

2.2 Dehulling

Dehulling refers to the removal of the outer seed coat. The hull constitutes about
9 % of the whole soya bean by weight. Soya bean drinks can be produced
without de-hulling, but the advantages of dehulling are:

a) improved protein recovery;

b) improved soya drink flavour by the elimination of a beany taste and a bitter
flavour component;

¢) improved digestibility;

d) a slightly whiter colour;

e) reduced oligosaccharides; and

f) reduced bacterial count.

In the dry-grinding process, the beans are cracked on rolls and then passed
over a multi-deck screen shaker with subsequent dehulling. The beans are dry-
heated at about 65°C. At higher temperatures, denaturing of the protein would
start. The hulls are separated from the beans by air in a cyclone.

The soya bean dehulling process consists of three steps (figure 2).

a) Heating: breaks the bonds between hulls and cotyledons: for instance, at 93°C
for 15 minutes.
b) Cracking: is often done by a roller and a stationary concave blade; efficiency

is up to 88%.
¢) Separation: an air blower is used to remove the hulls from the remainder of

the beans. In wet dehulling, the steps are essentially the same but the hulls are

removed by running water.

wJ -

Figure 2. Dehulling of soya beans

2.3 Soaking

Soya bean drinks can be made from either soaked or dry beans. Soya beans can
be soaked in about three times their weight of water. Typically, the soaking time
is 8-10 hours at 20°C. The soaking times are shorter at higher temperatures.
After proper soaking, soya beans will expand about 2.0 to 2.3 times their
original weight. Soaking results in a reduced energy requirement for grinding,
enables better dispersion and suspension of solids during extraction, increases
the yield and decreases cooking time.

For soaking, alkaline solutions (sodium bicarbonate, sodium citrate, etc.,)
have been used, resulting in the following benefits:

» reduction (but not elimination!) of the beany flavour;

» tenderisation of the soya beans giving shorter cooking times and better
homogenisation;

» reduction of the oligosaccharide content; and

» acceleration of the inactivation of the trypsin inhibitor.

o
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At soaking temperatures above 45°C, the total solids content decreases from 60%
to 55%. There is also a small decrease in the recovery of fat and protein.

Dehulled soya beans reach full hydration much faster than whole soya beans:
only 2-3 hours are required at 30°C or 1 hour at 50°C, compared to 7 hours at
30°C, and 3-4 hours at 50°C for whole beans.

2.4 Blanching

Blanching or steaming soya beans in a solution of sodium bicarbonate at high
temperatures starts to inactivate the beany flavour. It also washes out all water
soluble oligosaccharides and inactivates trypsin inhibitors.

2.5 Grinding

Grinding may be done with hot or cold water to obtain a 150 mesh colloid solu-
tion. Grinding in a hot water solution at > 80°C will inactivate the lipoxydase, thus
preventing formation of the beany flavour.

To produce a slurry, the soya bean flour is suspended in water adjusted to pH
3.5 and heated to about 97°C. A holding time of about 10 minutes is sufficient to
inactivate the lipoxygenase enzyme and to reduce the flatulent properties by
dissolving the carbohydrates.

2.6 Filtering

The insoluble soya residues are removed from the slurry by a decanter centrifuge
to improve flavour, texture and to dispose of oligosaccharides.

2.7 Cooking or Heating

The purpose of cooking a soya bean drink is to destroy microorganisms and to
improve flavour. Heating to 100°C for 8 to 22 minutes resulted in 80%-90%
inactivation of the trypsin inhibitor. It has been suggested that the soya slurry be
heated to 100°C for 30 minutes to obtain optimal nutritional value and flavour.
Heating also lowers the viscosity, improves extraction and results in higher
yields of protein and solids.

2.8 Formulation

One way to increase acceptance of soya bean drinks is through an appropriate
formulation that uses sweetening and a variety of flavouring agents. The addition
of soya oil, lecithin or emulsifiers improves the richness of a soya bean drink.
Another common additive is cow’s milk (~20%). Nutritional fortification can be
made by adding amino acids (methionine), vitamins and minerals.

2.9 Homogenisation

Homogenisation is necessary to stabilise the fat (oil). It will also make the soya
bean drink creamier. Homogenisation at 90°C and 2,000 to 3,500 psi (200 to 350
kg/cm?) is usually sufficient.

2.10 Sterilisation

A soya bean drink is an ideal medium for microbial growth. It can therefore spoil
easily and rapidly due to the survival and subsequent multiplication of bacteria
and fungi from inadequate heat treatment during processing.

a) Pasteurisation: heating to ~ 72°C for 15 seconds destroys all vegetative
disease-causing microorganisms.
b) Sterilising (retorting): typically, heating to ~ 121°C for 15 to 20 minutes to

kill all heat-resistant moulds, bacteria and their spores. The shelf life of the
product is about six months or more.

Trypsin
Inhibitor
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¢) UHT treatment: both direct and indirect heating can be used, though the
direct systems (steam injection) are often preferred. Heating to 140-145°C
with a holding time of ~ 4 seconds is adequate. If combined with aseptic
packaging, a shelf-stable product is obtained with a shelf life of three months
or more.

2.11 Packaging

Packaging requirements depend on the kind of drink produced and the demands
for shelf life connected with processing. The full benefit of the UHT treatment is
only encountered if the soya bean drink is packaged under aseptic conditions. The
shelf life is about 3 months or more if the package provides protection against
the entry of light and oxygen.

3. Quality Improvement
The following methods can be used to improve the quality of soya bean drinks (99).

3.1 Methods for Eliminating the Undesirable Beany Flavour

The beany flavour in soya drinks is caused by the activity of lipoxygenase on fat.
This enzyme can be inactivated by adjusting the pH to either below pH 3 or
above pH 10, or at high temperatures > 80°C. Soya bean blanching (100°C for
10-30 minutes) and hot grinding (> 80°C) are two methods widely used to
remove the beany flavour.

Hot-grinding the whole-soaked soya beans with boiling water or steam to yield
a soya slurry with a temperature of 80°C or above, followed by holding the slurry
at this temperature for 10 minutes, inactivates lipoxygenase which causes the
beany flavour.

Blanching in boiling water for 10 minutes or placing the soya beans directly
into boiling water for 20 minutes inactivates lipoxygenase. The addition of
0.25%-0.5% sodium bicarbonate to the water used for blanching or soaking has
also been used. The soya beans are then drained and ground with water to
produce a soya drink of little beany flavour.

Using defatted soya flour (elimination of soya oil from the product which will
be acted on by lipoxygenase): 40-mesh full-fat soya flour is extracted with 95%
ethanol followed by a mixture of equal volumes of 95% ethanol and n-hexane.
The solvents are filtered off, followed by drying at 40°C under vacuum.

Vacuum deodorisation (removes volatile off-flavour): passage of the soya drink
through a vacuum pan at high temperature and expansion cooling in direct UHT-
treatment systems.

Using isolated soya protein removes lipoxygenase. An acceptable soya drink
can be prepared from isolated soya protein by adding water, sugar, emulsifier,
refined vegetable oil, flavours, vitamins and minerals.

Enzyme fermentation (eliminates off-flavour): the beany flavour can be re-
moved by fermentation with Lactobacillus acidophilus, Aspergillus oryzae or
Rhizopus oligosporus.

Adding flavour: flavouring with vanilla, cow’s milk, egg, chocolate, honey,
etc., is an effective way of masking the beany flavour.

Alkaline soaking and/or blanching (inactivates lipoxygenase): soaking and/or
blanching in 0.5% NaHCO, improves the soya drink flavour while removing
oligosaccharides and lowering the cooking time.

Acid-grinding (inactivates lipoxygenase): at pH below 3, the lipoxygenase will
be inactivated and no beany flavour will develop.

Dehulling (prevents bitter taste).

Direct UHT treatment and expansion cooling remove volatile off-flavours
and thus correct the flavour; the mild heating reduces loss in nutritional value.
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4. Methods for Inactivating of Anti-Nutritional
Factors (Trypsin Inhibitors)

Inactivation of trypsin inhibitors can be achieved by heating soya slurry at 100°C
for 30 minutes or at 110°C for 22 minutes. In addition, the activity of trypsin
inhibitors can also be reduced by:

1) various heating processes; and

2) alkaline soaking.

4.1 Methods for Removing Oligosaccharides

(Raffinose and Stachyose)

Whole soya beans contain 5% sucrose and 5.1% of other sugars (arabinose,
glucose, verbascose, etc.,). In addition, two oligosaccharides, raffinose (1.1%) and
stachyose (3.8%), are present in soya beans. Flatus is caused by the fermentation
of sugars of low molecular weight - raffinose (galactose-glucose-fructose) and
stachyose (galactose-galactose-glucose-fructose). The flatulence caused by these
oligosaccharides can be reduced by:

1) alkaline soaking;
2) fibre removal;
3) heat treatment;

4) enzyme treatment (use of the enzyme a-galactosidase): the enzyme soya drink
mixture is incubated for 3 hours at 55°C, then boiled for 10 minutes to stop
the enzyme reaction.

5. Soya bean Drinks

Soya bean drinks manufactured in the traditional way suffer from a number of
drawbacks. They have a strong unpleasant smell and are difficult to digest. The
smell is caused by the action of an enzyme, the bean-lipoxydase.

Depending on the formulation, and in particular the addition of sugar, soya
bean drinks can show a wide variation in composition (table 1).

The processing conditions in general and pre-processing in particular depend
on the kind of product that is to be produced and the raw materials (ingredients)
that are to be used.

Component Soya Bean Soya Drink Soya Drink
Carbohydrates 38% 1.5-3.1% 10%
Minerals 4% 0.5-0.6%

Protein 40% 4.0-4.4% 1.5-2.0%
Oil 18-20% 2.5-2.6% 1.0-1.5%
Water 89.7-89.5% 86.5-87.5%

Table 1. Composition of Soya Beans and Soya Bean Drink

The typical composition of a soya bean drink (1,000 kg) is:
e 44 kg of soya beans;

e 88-100 kg sugar; and

» about 850 litres of water.

“I must emphasise strongly that the use of soya drink products as infant formula-
tions or as the sole source of nutrients can result in severe protein-calorie
malnutrition, multiple vitamin and mineral deficiencies, and ultimately death if
not diagnosed and treated promptly” (83).

Soya Bean Drinks are not
Infant Formulations!
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6. Tofu and Sufu

6.1 General

Tofu (soya bean curd) was developed in China. It is made by the precipitation of
soya protein from soya drink by a coagulant such as calcium sulphate (CaSO,).
Soya bean protein coagulates if (71):

1) the pHis <5.5;

2) calcium sulphate (CaSO,) is added at a temperature of > 60°C;

3) the protein concentration exceeds 5% and the temperature 100°C; and
4) the solution is frozen.

Tofu is an excellent protein food made from vegetable protein curd - normally
soya beans. Tofu has the advantages from a health standpoint of being high in
protein, low in saturated fats and reasonably low in calories. It has a bland
flavour and, if made from vegetable protein, is free of cholesterol (83).

Fresh tofu can spoil quickly if not refrigerated and kept covered with fresh
water. Even under the best storage conditions, fresh Tofu will not maintain its
quality for an extended period of time, with shelf life usually considered to be
not more than a week to 10 days (99).

6.2 Production Line for Standard Tofu

In the industrial manufacture of Tofu, a number of process steps are involved
(figure 3). Starting from a soya bean drink to which a coagulant is added, the
mixture is stirred and heated to boiling. Liquid is removed by filtration. After
cooling, the Tofu is ready for sale. Such products are sold in large quantities by
street vendors in Japan. Today, shelf-stable long-life Tofu is produced in some
countries (Japan and the United States).

In this technology, the soya bean drink is sterilised by UHT treatment.
Subsequently, and under aseptic conditions, the sterilised (by filtration) coagulant
is added. The product is packaged aseptically and heated to about 80°C by
passage through a water bath. Coagulation takes place at this stage.

Jsoya o WW .

Tofu Packaging

W o k o k

Figure 3. Flow Chart: Production of Tofu and Sufu
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7. Examples

Soya Beans

Alkaline Washing

Screw Decanter k Grinding

Solid Waste

Oil Emulg.

10% Line Mill 90% Mix Tank Homogenisation

Flavour
Aseptic
Packaging

Homogenisation Aseptic Transfer

Figure 4. Flow Chart: Production of Long-Life soya Bean Drinks

1) Line mill: palm oil and emulsifier are added at 80°C and 1,800 rpm which is
subsequently increased to 3,600 rpm during the addition of cane sugar syrup
and flavouring.

2) First homogenisation: 170-180 kg/cm?, 60°C in two stages.
3) Filtration: bucket filter, 80 mesh.
4) UHT: ~135°C.

@ 5) Second homogenisation: 170-180 kg/cm?, 85°C.

The total process from grinding to aseptic filling takes no more than 3 to 4 hours.

2

Bean Steeping H Bean Grinding HW Deodorising sgz::::::‘ H Fibre out |

L

Enzyme
Inactivation

Separation
Decanter

Blending

Cooling

Aseptic
Packaging

Long-Life
Product

Clarification

Figure 5. Flow Chart: Production of a Clarified, Long-Life soya Bean Drink

Soya bean seeds, removed from their pods but still in their hulls, are steeped and
ground and then mixed with water to make a slurry. After enzyme inactivation
and deodorisation (steam injection, time-temperature and vacuum treatment), the
slurry goes through a set of centrifugal separators; the separated fibre residues may
be used for animal feed or similar purposes. In the blending section, sugar, fat,
flavouring, colouring, etc., are added to give the product its character and final
composition. After clarification and UHT treatment, which includes homogenisa-
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tion (typically ~ 57°C, 200-350 kg/cm?, two stages), the product is aseptically
packaged and ready for distribution. If soya flour instead of soya bean seeds is
used as a raw material, the steeping and grinding sections are omitted, and the
line begins with a slurry mixer.

Aseptic

Transfer Blending Cooling Homogenisation

Figure 6. Flow Chart: Production of a Suspended, Low-Bean Flavour, Long-Life
Soya Bean Drink

If the final product is to be suspended, i.e., retain the fibres, the soya bean seeds
must be dehulled prior to grinding. Dehulling can be done by soaking the beans
in a 0.2% sodium bicarbonate (NaHCO,) solution for about 3 to 4 hours.
Typical sterilisation conditions (UHT treatment) are 138-145°C with an
average holding time of four seconds. Direct and indirect systems are used.
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»Wohlbesorgt ist dieses nun
Julchen kann was andres tun”.

(Wilhelm Busch, “Die Knopp-Trilogie, Julchen”)

“Here the book is at its proper end
To something else we can now attend.”



