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1. Introductory Comments
1.1 Personal Background

Food processing has been an important
part of my life for over forty years.

After finishing university, | was fortunate
to spend a post-doctoral year with a
major international food company
(General Foods) at their Research
Department in  Cobourg, Ontario.
During a total of fourteen years with the
company which later became Kraft-
General Foods, | had the pleasure of
working on a variety of projects
including process modelling and
optimization; process design and
commissioning; product drying; aseptic
packaging; and a number of other
activities. This was like a dream job for
a Chemical Engineer with my particular
interests.

With the closure of the Canadian
Research Department, | moved to
Agriculture  and Agri-Food Canada
(AAFC) on the Central Experimental
Farm in Ottawa where | was a “Special
Advisor on Food” and later a
“‘Commercialization  Officer”. The
positions there allowed me to see a
different side of the agri-food sector,
which was entirely new to me.

Half-way through my ten years with
Agriculture and Agri-Food Canada, |
was transferred to the newly established
Guelph Food Research Centre. Soon
after this, I was seconded to the
Department of Food Science at the
University of Guelph where | taught
Food Processing courses from 1997 to
2003. In 2003, | joined the Department
of Food Science on a full-time basis and

things have progressed steadily from
there.

Over the past fifteen years as a faculty
member, | have spent considerable time
working with small and medium sized
enterprises — SME’s in the popular
jargon.

| began my international activities
investigating processing opportunities
for tomatoes and other products in
Equatorial Guinea and Honduras.
These focussed on solar drying and
techniques that were not highly reliant
on electricity as an energy source.
Another project found me identifying the
challenges facing the agri-food sector in
Malawi as well as designing and
building a dryer for mangoes at Bunda
College in Lilongwe. Later, | found
myself working on projects in Tanzania
to increase the capacity for technology
transfer by setting up courses at
Kihonda College in Morogoro.

These activities began to expand to
include the development of food
processing courses for St. Vincent and
the Grenadines Community College and
working with Dominica Community
College. In 2015, | started working with
the Inter-American Institute  for
Cooperation on Agriculture (IICA) to
offer training courses on mango
processing in St. Kitts and Nevis. This
continued with subsequent workshops in
2016 in St. Kitts and Nevis, as well as in
Antigua and Barbuda. Future workshops
are planned for St. Lucia and Grenada
in 2018.

One of my most enjoyable activities has
been working with the International
Academy of Food Science and
Technology (IAFoST) as Vice-Chair of
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the Distance Assisted Training Program.
This program, under the admirable
leadership of Dr. Daryl Lund (Professor
Emeritus, University of Wisconsin —
Madison) is directed at providing training
in thirteen key areas of Food Science to
food industry workers.

Through IAFOST, | have been able to
participate in Food Science training
workshops in Brazil, Myanmar, Vietnam,
and Kenya.

These experiences have allowed me to
become familiar with a number of the
challenges facing food processors in
different countries. This is especially
true in the case of small-scale
processors and entrepreneurs.

1.2 Lessons Learned

During my international activities, it
became increasingly apparent that the
small and medium enterprises and
entrepreneurs  involved in  food
processing were greatly under-served
when it came to providing them with
information.

Much of what university researchers do
is geared to academic publications in
technical journals. Such efforts are
totally understandable and absolutely
essential for the continued advancement
of intellectual knowledge, and an
understanding of basic scientific
principles. Without this research,
advances in Food Science would suffer
tremendously.

However, there has not been as much
emphasis placed on delivering
instructional material to the small-scale
food processors and entrepreneurs who

need and want information on how to
perform basic processing operations.
There is not enough resource material
available to them on food-related cause-
and-effect relationships. Nor are many
of the existing sources of information
presented in a format that can be readily
transferred into practice by someone
who is faced with the challenge of
preparing a high quality product that is
safe for consumers.

While working with groups of twenty to
thirty small-scale processors, the need
for such resource material became
abundantly clear. That was the impetus
for putting together this guide to food
processing.

1.3 Using This Guide

One of the phrases that I find myself
using quite frequently is “One size fits
none.” This is usually associated with
clothing where the makers claim that
their product will fit a wide range of
people, with the end result that it fits no
one all that well. Putting together a
guide to food processing is essentially
the same type of thing. No single body
of work can address the needs of
everyone. No matter what is included,
something will be left out that a
particular group feels is imperative to
have included. Other readers will
guestion why a certain topic was
included when they see no relevance to
it at all. This guide cannot be all things
to all readers, and | fully recognize this
fact.

In putting together this reference source,
| looked at the basic technologies
employed in food processing. The next
step was to expand on them in order to
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provide insight into the reasons for
processing food, and how we do this.
These are the fundamentals without
which  you cannot approach food
processing in an informed manner.

When reading through the following
chapters, you may find that the
mathematical treatments of such things
as drying become overly involved for
what you really need to know. If this is
the case, then simply skip these parts
and take away the information that you
need to approach your activities and,
hopefully, solve the problems you are
facing.

Mathematics is something that cannot
be avoided in food processing
applications. We use math to put
together recipes and product
formulations. We may need to calculate
moisture contents and processing
yields. There can be times when we
require heat calculations. The list just
goes on and on. | have tried whenever
and wherever possible to include
sample calculations to guide you
through some of the scenarios that you
may typically encounter. Case studies
have also been included in hope of
illustrating some of the situations faced
by food processors. While these are
based on actual real-life experiences, |
have had to alter the details due to
confidentiality concerns.

If you require a more in-depth treatment
of various aspects of a food processing
technique, this guide will introduce you
to the topic and allow you to move on to
more technical or more academically-
oriented sources.

To those who feel that | have included
too much — | apologize. To those who

feel that certain essentials are missing —
| also apologize.

The material presented here is for
instructional purposes only. As the
author, | cannot assume any
responsibility, nor liability, for problems
which may be encountered as a result of
anyone attempting to use the
information presented here. Your
starting materials, equipment, and
individual  applications  will almost
certainly impose conditions that will
create unique situations. These cannot
be anticipated in a general context such
as that presented here. If there are any
doubts regarding the safety or suitability
of your products for human (or even
non-human) consumption, you should
consult the proper authorities, or work
with reputable, qualified equipment
suppliers.

You also need to keep in mind that
regulations pertaining to food
processing and  distribution  are
established and enforced by various
organizations in different jurisdictions. It
is crucial that you obey the laws in place
within the areas where you are
manufacturing and/or marketing your
product. If you are exporting your
product to be sold in a foreign country, it
is frequently the case that you must
obey the regulations in force within the
country where the product will be sold,
rather than those rules in force within
your own country. Failure to recognize
this may result in your product being
refused entry into an export market and
returned to you at your expense.

Material presented here has been
copyrighted as a means of protecting
this body of work. It is not my intention
to impose any restrictions on the
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printing, copying, or distribution of this
information. If you find any of the
chapters useful for your processing
activities, or if you would like to use
anything for instructional purposes,
please feel free to do so. A reference
citing the source of any material which is
reproduced would be appreciated,
whenever it is used.

1.4 Photographs, Diagrams, and
Tables

All  photographs appearing in the
following chapters were taken by the
author and are subject to copyright
considerations. This is also true of the
diagrams. On occasion, diagrams have
been patterned after works by others. In
these cases, the source of the original
information has been acknowledged. All
tables are the work of the author.

Throughout this guide, | have drawn
heavily upon personal experiences. As
a result, any and all errors that may
have crept into these pages are entirely
my own.

1.5 Some Words of Appreciation

All too often, we take for granted the
support of those around us. As | look
upon the number of hours that have
gone into putting together this “Food
Processing Concepts for Entrepreneurs
and Small-Scale Food Processors”, | am
certainly appreciative of the support of
my family members. They are the ones
who are always there, and | need to
thank them publicly.

The patience and understanding of my
wife, Jane, has helped to make this all

possible. When | was doing a lot of the
drying projects, she was the one who
put up with my long days in the lab,
going into work on weekends, and doing
‘number crunching” in the evenings for
the mathematical modelling activities.
She’s the one who humoured my
building dryers in our garage, and
setting up solar dryers in the backyard.
Fortunately, Jane has been doing some
writing of her own, so she understands
the time and effort that goes into putting
our ideas down on paper.

| would also like to acknowledge our
other family members: our son Darren
and his wife Karren (yes, | know, they
rhyme!), our son Geoffrey and his wife
Maren, and our daughters Andrea and
Destiny.

There are four very special family
members to whom | wish to dedicate
this work - our four grandchildren;
Ethan, Mataya, Keeleigh, and Arison.
Of all the important things in this world,
there is none so important as family.

| would like to recognize my father, Tom
Mercer, and my late mother, Audrey,
who were always so supportive in all of
my endeavours.

It is my sincere hope that you find the
information presented here useful for
your particular needs and applications,
and | wish you every success in your
food processing activities. It's a lot of
work, but it can be extremely rewarding.

Sincerely,

Donald G. Mercer, Ph.D., P.Eng., FIAFoST

April 6, 2018.
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2. Why Food Is Processed
2.1 General Reasons for Processing

At first glance, the reasons why food is
processed may seem obvious to some.
It is often considered that food products
are processed solely to extend their
storage life or to reduce the risk of
spoilage (Figure 2-1). However, there
are additional reasons why foods are
processed.

Time

Figure 2-1: Avoiding microbial spoilage is a
major reason foods are processed.

It has been estimated by various
sources that one-third to one-half of the
world’s food supply is lost due to
spoilage (Figure 2-2). Food losses in
the United States of America have been
estimated to be as high as 40%
(Gunders, 2012).

Spoiled
33%
Edible Spoiled
50% S0%
Edible
67%

Figure 2-2: One-third to one-half of the world’s
food supply is lost due to spoilage.

Essentially, the quest to extend the
storage life or “shelf-life” of a food
product stems from a need to match
supplies of food with the demands of
time and space, or location.

In countries like Canada and the
northern portions of the United States,
the ability to grow food products is
limited by the climatic conditions
characterized by the four seasons of the
year. During an appreciable portion of
the year, it is too cold to grow crops.
This means that crops harvested in the
late summer or early fall must be
maintained in a quality form for use
throughout the winter and spring months
until fresh produce can be obtained
during the following year's growing
season. Food processing allows these
time-related needs to be addressed.

Apart from the growing season
considerations, many consumers want
foods that will simply last for a long time
when stored in their pantries, on their
kitchen shelves, or in their freezers. By
processing foods such as fruits and
vegetables when they are at their peak
of qualty and freshness, food
processors can deliver products to meet
these demands (Figures 2-3a and 2-3b).

Growing
Season
~y,

~

Storage ~ ~.

Off-Season

Figure 2-3a: Processing permits use of foods in
the off-season.

——

Processing "2 Time
—_— g —_

Figure 2-3b: Processing extends product shelf-
life.
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While certain areas of the world are
enduring months of harsh climates,
other portions of the world are enjoying
much more temperate conditions. These
countries may be able to harvest crops
continuously, or may be able to grow
two crops per year.

By exporting agricultural commodities,
many tropical countries are able to sell
their produce to an enthusiastic market
willing to pay higher prices for fresh
produce during the “off season”.

Food processing often plays a role in
getting this food from one location to
another while minimizing the loss of
quality and nutrition, thereby addressing
what we might describe as “space-
related needs” (Figure 2-4).

Source of
Material
Q\:ce and
Time
Market for
Material

Figure 2-4: Processing permits transportation of
food materials over distances and time.

Many of the things that are taken for
granted during the winter months,
including fresh tropical fruits, were not
available prior to the end of World War
[I. It was not until controlled supply
chains were developed to get these
products from their source to waiting
markets that the potential for exports
could be fully exploited.

Unfortunately, there are areas of the
world that cannot produce enough food

to feed their own populations during any
portion of the year. Through drought or
the encroachment of desert landscapes,
there is not the water nor the soil fertility
to produce sufficient amounts of food. At
the same time, more distant nations
may be enjoying bumper harvests and
actually be experiencing food surpluses
that go well beyond their foreseeable
future needs. If these foods could be
shipped to the areas in such dire
distress, in a readily utilizable form that
would be stable over time, both the
spatial and time-related needs could be
met. Fortunately, this is within the realm
of possibility through the application of
food processing technology.

Food processing also helps to ensure
the cleanliness, and safety of the world’s
food supply. Through the application of
food processing, it is possible to reduce
levels of microbial contamination that
would otherwise create outbreaks of
disease that could afflict millions.

Simply washing fruits and vegetables in
clean, “potable” (i.e., drinkable) water is
a good first step in any processing
procedure (Figure 2-5).

Figure 2-5: Washing is an important first step in
processing.
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Non-microbial contaminants and
undesirable foreign materials are also
routinely removed during processing
(Figure 2-6).

® 4 1
.

Figure 2-6: Small stones and pieces of metal
can find their way into raw material supplies.

Food that would otherwise spoil before it
could even get to market is maintained
in an edible form by minimal processing
techniques that have little, if any, effect
on the food itself.

Although many of us never really think
about it, processing makes some foods
edible that otherwise could not be
digested in the human body. Examples
of this include starch-based foods such
as lIrish potatoes. In their raw form,
potatoes contain ungelatinized starches
which humans cannot readily digest.
However, by heating the potatoes in
boiling water (or by other means), these
starches are gelatinized. The gelatinized
starches can then be digested (Figure 2-
7).

Figure 2-7: Starches found in Irish potatoes
must be gelatinized.

Through food processing, consumers
can experience variety, convenience,
and diversity in their diets that was not
possible in the past. Food science has
provided flavours and forms of food that
are convenient to use while meeting the
expected quality levels of the consumer.

Time-impoverished families want, and
can get, complete meals that are
essentially ready to serve with little or
next to no preparation. Store shelves
and freezer compartments are lined with
literally hundreds of products to satisfy
the needs of families who no longer
have the time to prepare a traditional sit-
down dinner meal.

Instantized potato flakes are available
that reduce the time for preparing
mashed boiled potatoes to a matter of
minutes. This is in contrast to the time
taken to peel the potatoes, cut them,
boil them in water until fully gelatinized,
and mash them for final use. With
instantized potato flakes, the
appropriate volume of flakes is mixed
with the prescribed volumes of boiling
water and milk. After mixing, the
potatoes are ready to serve.

Figure 2-8: Instantized potato flakes are a
convenient alternative to using raw potatoes.
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Microwavable meals or ready-to-eat
meals from in-store delicatessens cater
to these individuals and families (Figure
2-9).

Figure 2-9: Microwavable meals offer variety
and convenience (frozen on left, heated on right)

A diversity of ethnic dishes that was
unknown to preceding generations can
now be enjoyed by today’s consumer.
As communications, world travel, and
immigration have increased, so has the
appreciation of the fine foods that are
available in what were previously
considered to be exotic locations. Food
processing has brought the production
of many “ethnic” foods to countries
where they have now become favorites.
Not only that, but they are available in
convenient formats which may only
require thawing and heating.

2.2 Food Quality

Food quality has already been
mentioned several times. However, the
attributes which go together to create an
overall impression of quality have not
been fully articulated. It is important not
to confuse “quality” with “safety”.
Although the terms are often used
interchangeably, their actual meanings
are quite different. We will discuss “food
safety” in the next section.

The following are some of the factors
used to define food quality:

» Nutritional value

» Aesthetic aspects:
» appearance / colour
+ taste / flavour
+ feel / texture

e aroma
* sound
e efc.

* Functional properties:
« gelation properties
+ thickening properties
« water binding ability

The typical consumer most frequently
judges quality on the aesthetic aspects
which appeal to the five senses.

If a product doesn’t look appealing the
consumer will reject it. If you envision
an apple, you will have some pre-
conceived ideas as to what it should
look like. It should have a certain shape
and colour as well as being free from
blemishes. The apple shown in Figure
2-10 has a pleasing red colour, a
characteristic shape for this variety, and
the peel is not marked.
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Figure 2-10: This apple may match your quality
standards - but is it safe to eat?

In addition, the apple in Figure 2-10 may
have an appropriate firmness, with a
pleasant aroma, at the time of purchase.
When consumed, it could provide the
desired “snap” as you bite into it, as well
as having the expected mouthfeel and
taste. You should also experience an
enhanced aroma as you eat the apple.

Up to this point, we have only examined
the attributes of the apple that are
detected by our five senses. There is
no guarantee that the apple is nutritious.
However, we tend to accept this on the
basis of faith since we know that apples
are generally considered to be
nutritious.

In order to look at functional properties,
we can look at starches that are often
used in making gels or in thickening
gravies.

The corn starch powder shown in Figure
2-11 is expected to contribute thickening
properties when included in a gravy or
sauce mixture. If it fails to do so, it is
not meeting the quality standards of the
user. To be a successful thickener, the
starch must be ungelatinized prior to
use. It needs to gelatinize within the
mixture. In cases where the starch has
been gelatinized prior to use it will not
do its desired task.

Figure 2-11: Corn starch powder.

We can make similar observations
about ingredients that are used in jams
to bind water and create the gelling
properties.

Quality aspects can be affected by
deterioration over time, and other
factors, which we will discuss later in
this chapter.

2.3 Food Safety

Safety is a major concern among
consumers. As mentioned above,
“safety” is often confused with “quality”,
or the two terms are simply lumped
together.

Quality # Safety

Simply stated, a food material is
considered as being unsafe to eat if
consuming it will make you ill, or be
harmful to you in any way.

It may seem strange, but a product of
apparent low quality may be quite safe
to eat - even though it may not be
appealing to our senses.

While the apple in Figure 2-10 may be
of extremely high quality, it may not be
safe to eat. Let's suppose that the
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apple fell to the ground in the orchard
while workers were picking them. There
may have been cattle, goats, or other
animals grazing under the apple trees
prior to the harvesting. Grazing animals
tend to leave their droppings behind
which are contaminated with potentially
harmful microorganisms.

Microorganisms could be transferred to
the surface of the fallen apple due to
brief contact with contaminants on the
ground. If the apple was not properly
washed prior to eating, the consumer
could end up suffering from serious
health issues.

In contrast, a less attractive apple could
be totally safe to eat, yet not have all the
apparent higher quality attributes.

We will discuss food contamination later
in this chapter.

2.4 Deterioration

It is generally accepted that when any
crop is harvested, or any product is
manufactured, deterioration will begin
almost immediately. While some degree
of “aging” may enhance the quality of
certain products such as wine or
cheese, excessive or improper aging
may render others useless. Most often,
deterioration affects the quality of the
food, but it can also have an impact on
safety.

In order to reduce or eliminate the
effects of deterioration over time, it is
necessary to understand the basic
causes of this undesirable process.

There are three basic methods by which
food deterioration can occur.

2.4.1 Physical Deterioration

Physical deterioration is often quite easy
to detect visually or by feeling the food
material. A good example of this is the
loss or gain of moisture.

Let’'s consider a carrot which is bright
orange and crisp at the time it is pulled
from the ground. If you take the carrot
in your hands and bend it, the carrot will
probably break in half. At this stage, the
moisture content of the carrot will be
about 89% by weight.

If the carrot is not stored in a cool, moist
environment, the loss of moisture can
begin to occur. As the carrot loses
moisture, it becomes more limp, or
“flaccid”. If you were to bite into it, there
would be no appealing crispness. The
carrot would simply bend in your hands
as shown in Figure 2-12.
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Figure 2-12: A fresh carrot (left) will not bend
like the one with moisture loss on the right.

At the opposite end of the moisture
scale, we may have soda biscuits which
are supposed to be very dry so that they
break easily into small flake-like pieces.
If these biscuits are exposed to humid
air, they will absorb moisture and
become soft, thereby losing their
desired texture (see Figure 2-13).

Chapter 2: Why Food is Processed

Page2- 6



Figure 2-13: The soda biscuit on the right has
lost its crispness due to the uptake of moisture.

Another example of physical
deterioration is the reduction of particle
size or breakage of products. This can
occur during transportation where the
product may be subjected to vibrations
and bumping on rough roads. In Figure
2-14, a biscuit is shown in its broken
state.

Figure 2-14: Breakage is an example of
physical degradation.

2.4.2 Chemical Deterioration

As its description implies, chemical
deterioration is the result of undesirable
chemical reactions occurring within a
food material. One of the most common
degradation reactions is with oxygen.
There is approximately 20% oxygen in
the air around us, so it is quite natural
that it would enter into reactions with
compounds present in the food.

The juices of citrus fruit such as oranges
contain delicate flavour oils that provide
a pleasant aroma and taste. If these
oils react with oxygen, they can produce
unappealing off-flavours and a brown
discolouration (Figure 2-15).

tar
Figure 2-15: Aromatic oils in orange juice are
susceptible to reactions with oxygen.

Another example of oxygen causing the
deterioration of a product is oxidative
rancidity. In this case, oxygen reacts
with fats or oils to create a noticeable
off-flavour. This is particularly common
when butter or cooking oil is left
exposed to the air for prolonged periods
of time (Figure 2-16).

Figure 2-16: Butter (shown here) and vegetable
oils may experience oxidative rancidity when
exposed to air.

Many chemical and biological reactions
speed up with increases in temperature.
Based on an equation developed by the
physical chemist Svante Arrhenius in
1889, it is generally accepted that the
rate of a chemical reaction will double if
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the temperature is increased from 10°C
to 20°C. While this may not be exactly
true for all reactions, it does provide a
good indication of the effects of
temperature on how fast a reaction can
proceed. Using the opposite approach,
it can be stated that the rate of a
chemical reaction can be reduced by
half if the temperature is lowered from
20°C down to 10°C.

The energy present in sunlight can
change the chemical structure of
compounds present in food materials.
Some light-sensitive products are sold in
brown bottles to protect the contents
from the negative effects of sunlight.

If you have ever doubted the ability of
sunlight to create chemical changes,
take a look at the colour of fabrics, such
as window curtains, exposed to the sun
for prolonged time periods. You may
also notice that their texture has
changed and that the fabric no longer
holds together very well. Even
something as simple as a piece of
newspaper can turn from white to a
yellowish-brown due to prolonged
exposure to sunlight

2.4.3 Biological Deterioration

Some degree of care must be taken so
as not to confuse biological deterioration
with biological spoilage, which will be
discussed later in this chapter. In
addition, there may be some
degradative chemical reactions that are
caused by biological processes.

One biological reaction that causes
deterioration of quality involves the
enzyme polyphenol oxidase. This
reaction is particularly evident in
cauliflower.  Originally, the cauliflower
florets are creamy-white in colour.
However, with the passage of time, the
naturally-occurring polyphenol oxidase
present in the cauliflower can cause the
development of brown, or even black,
pigments. Figure 2-17 shows a fresh
cauliflower and what it looks like after
sitting at room temperature for
approximately one week.

Polyphenol oxidase

Time

Figure 2-17: Changes in colour of a cauliflower
due to polyphenol oxidase.

The growth of microorganisms is most
often associated with contamination and
disease.
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2.4.4 Time

Deterioration is what we call a “kinetic
process”. This means that time plays a
major role in many aspects of
deterioration (Figure 2-18). It is a factor
that must never be forgotten.

Figure 2-18: Time is a factor that can never be
forgotten when dealing with food materials.

As a result, processors must minimize
the time interval between the harvesting
of a crop and its processing. With many
perishable foods, or semi-perishable
foods, the time interval between their
processing and consumption is also
important.

Food processors must understand these
food deterioration mechanisms and be
able to address them through the
application of appropriate processing
techniques. While it is essential that any
process reduce or eliminate causes of
deterioration, these same techniques
must not create additional issues of
safety or quality loss.

2.5 Contamination

A simple way of looking at a
contaminant is to consider it as being
anything that should not be present in a
food product. Even something that is
generally recognized as safe (i.e., it has
‘GRAS'’ status) can be a contaminant if it
should not be in the product formulation.
This is because it will not appear on the
ingredient line of that product and may
possibly cause harm to an unsuspecting
consumer.

2.5.1 Physical Contamination

Physical contaminants are most often
regarded as pieces of material that
should not be present. These include
things like small stones and pieces of
metal as shown previously in Figure 2-6.

Depending on their size, physical
contaminants can be removed by
screening the incoming raw materials.
Metal detectors can be used to detect
the presence of small pieces of metal.

Dirt or soil clinging to the surfaces of
fruits and vegetables is a very common
contaminant (Figure 2-19). Fortunately,
in most cases, it is relatively easy to
remove.

Figure 2-19: Dirt trapped between the stalks of
celery is an example of a physical contaminant.
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The most  problematic  physical
contaminant is broken glass (Figure 2-
20). It is extremely hard to see and
there are no simple methods available
for detecting its presence in food
products. For this reason, glass should
be banned from all production areas,
with the possible exception of the final
packaging line where glass bottles may
be the desired form of containment.

Figure 2-20: Broken glass is a serious physical
contaminant.

2.5.2 Chemical Contamination

Contamination of food materials by
various chemicals can happen along the
entire food production continuum.

Pesticide and herbicide residues used
for killing insects and weeds before the
time of harvest can remain in the food
and pose a health danger to consumers.

Improper storage and handling of such
things as fertilizers on the farm, or
chemicals in production facilities can
lead to contamination of food products
after harvesting (Figure 2-21). All
chemicals must be stored in secure
areas separated from food materials.

Figure 2-21: Fertilizers and pesticides must be
properly handled and stored to avoid
contamination of food materials.

Chemicals used for sanitation and
cleaning of the processing equipment
warrant particular attention. Typically,
acidic and basic (i.e., alkaline) solutions
are employed, along with detergents
and disinfectants to clean the interior
surfaces of pipes and heat exchangers
etc. Without thorough rinsing of these
cleansing agents after use, or if pools of
accumulated solutions remain after
cleaning, there can be a carry-over of
chemicals into products subsequently
travelling through the system.

In liquid beverage processing systems
which operate on a continuous basis
and use automated cleaning
procedures, there is a need to ensure
that all chemical cleaning agents and
solutions are flushed from the lines with
potable (i.e., drinkable) water before
introducing product for processing.

The effects of residual chemicals may
range from creating off-flavours or
odours, to posing a serious health threat
to consumers.
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2.5.3 Biological Contamination

Biological contamination is probably
what first comes to mind when dealing
with the subject of contamination. It is
not difficult to envision mold growing on
the surface of a tomato (Figure 2-22) or
other food material.

Figure 2-22: Mold growth on a tomato.

Even more worrisome than the mold
colonies which we can see with the
naked eye, are the microorganisms that
we are invisible to us. Many of these
are considered as being “pathogens”
which are capable of causing disease or
illness in humans.

As an indication of how small these
microorganisms really are, there need to
be over one million of them present in
one millilitre of water before the water
becomes cloudy.

Due to their size and adaptability to a
variety of conditions, these harmful
microorganisms can be spread easily
and can grow on many foods and food
preparation surfaces.

Dealing with microbial growth and the
destruction of microorganisms is a major
field of study in its own right. Although
we are not able to cover the topic in an
exhaustive manner here, the chapter on
“Thermal Processing” will provide some

insight into how heat is used to destroy
microorganisms in food products.

We also need to recognize that
biological contamination is not limited to
microbial growth. Insect infestations as
well as the impact of small animals and
birds can be included here as well
(Figure 2-23). However, the end result
of these intrusions on the food supply
chain is often microbial contamination
through feces etc.

Figure 2-23: Insects, birds, and small animals
can cause biological contamination.

Risks of biological contamination
continue right through to the point of
consumption. Improper storage of foods
in the home and inadequate cooking or
other incorrect preparation procedures
may fail to destroy microorganisms that
are present, or allow them to grow.
Storage and reheating of left-overs can
often be overlooked as potential
situations for microbial growth.

2.5.4 Allergens

Allergens are the fourth type of
contamination that can be problematic
to consumers, as well as to processors.

Within the general population, there are
individuals with sensitivities to certain
compounds. In these cases, there may
be the development of a skin rash, sore
throat, or joint pain, in addition to an
upset digestive system.
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Individuals with food allergies tend to
experience much more violent or severe
reactions to certain foods than those
with food sensitivities. Allergies trigger
responses from the body’s immune
system which can include anaphylaxis
or “anaphylactic shock”. In these cases,
there can be a tightening or constriction
of the breathing passages, a sudden
drop in blood pressure, dizziness, or
loss of consciousness.

Food materials or ingredients that are
considered to be allergens include
(based on Health Canada website
information (2)):

Eggs

Milk

Mustard

Tree nuts and peanuts (Fig. 2-24)
Seafood

Soy derivatives

Sulphites

Wheat

etc.

Figure 2-24: Tree nuts (such as these almonds,
left) and peanuts are common food allergens.

While it is not possible for processors to
avoid using all these materials in their
products, it is important to declare all
ingredients on food packages and to
draw attention to potential allergens.

Some processors manufacture their
products in facilities which are “peanut

free”, and include a symbol on their
packages to indicate this to the
consumer (Figure 2-25).

Figure 2-25: Logo indicating product was made
in a peanut-free facility.

Even though a product may not actually
contain a food allergen, there are
opportunities for cross-contamination of
allergen-free products by other products
in a production facility where allergens
may be used. For this reason, it is
imperative that processes be thoroughly
cleaned between product runs to
prevent the carry-over of potential
allergens. Some manufacturers try to
avoid this problem by incorporating
phrases such as “may contain peanuts”,
or other allergens on the labels of all
their products. However, this does little
to provide safe, high quality products to
those with allergies or sensitivities who
rely on label claims in their food
purchasing decisions.
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2.6 Summary Comments

It is a common misconception that
maintenance or enhancement of food
quality is limited to within the confines of
the food processing plant. In actual fact,
quality is influenced by numerous
factors along the entire food chain from
a time even before the seeds of a crop
are planted until the time the food is
consumed.

More and more food processors are
becoming mindful of the impact of raw
material production and handling on
their ability to manufacture high quality
finished products. They are becoming
acutely aware of the effects of
distribution, handling, storage, and end-
product preparation on the safety and
quality of the products that the
consumer eats. For this reason, there is
an increasing tendency among food
producers to adopt the approach of
managing the entire food production and
distribution chain.

Throughout the previous discussion, the
importance of food processing has been
repeatedly demonstrated. In conjunction
with this, there is the need to be
constantly aware of the fact that an
underlying  requirement of  food
processing is to maintain a safe and
high quality food supply. Failure to
acknowledge this fact can doom a
processor to failure.
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3. Historical Development of Food
Processing

3.1 Introduction

Exactly where and when food
processing actually began is open to
speculation. However, even during the
hunting and gathering stages of human
development, there may have been
some forms of basic food processing.
Drying of meats and berries (Figure 3-1)
in the open sun or over a fire created
new forms of food that could be more
easily transported, and were not
subjected to the ravages of spoilage that
would affect the unprocessed form of
the same food.

Minus Water
—

Figure 3-1: Dried blueberries have enhanced
shelf-life over their fresh counterpart.

Naturally occurring fermentations that
changed milk to cheese or yogurt
(Figure 3-2), and changed barley mash
or grape juice to rather pleasantly
intoxicating beverages were known to
exist in prehistoric times.
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Figure 3-2: Milk can be converted to cheese
and yoghurt by means of fermentations.

3.2 Early Advances in Food
Processing

As fascinating as these prehistoric
developments are, it was not until the
“‘Middle Ages” that any science-based
food processing activities actually took
place. Prior to this, food processing may
have been considered to be an art
passed down through successive
generations as a method of survival
through securing an adequate food
supply in time of need.

Much of what follows is a summary of
information presented by C.W. Hall and
G.M. Trout in their book published in
1968 on “Milk Pasteurization”.

Initial discussion of the historical
development of food processing will
focus on the application of heat to delay
the onset of food spoilage. As previously
noted, this preservation technique goes
back to pre-recorded history. However,
the application of heat to liquid products
is a more recent development which is
believed to have started in the late 18%
Century. In 1765, a noted Italian
Catholic priest named Spallanzini
demonstrated that meat extracts could
be preserved in sealed glass flasks by
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boiling them in water for about one hour
(Hall and Trout, 1968). In 1782, the
Swedish scientist Sheele used heat in
the preservation of vinegar.

It was not untii 1804 that food
preservation by thermal processin