
FOOD ENGINEERING IN AGRICULTURE
CANADA —A REVIEW

INTRODUCTION

Engineering in Agriculture Canada
applied to food research has covered a
wide range of topics from fundamental
studies on the properties of material to
applied research in the development of
processing equipment. Instrumentation
and instrumental methods for food

research and quality control have been
integral parts of the program. Although
the majority of the work undertaken is of
a laboratory type where, for example,
equipment may be developed to demon
strate the feasibility of a product or
process, much has been done in associa
tion with industry in the development of
commercial equipment. For purposes of
this review the work will be discussed

under the general topics of Food
Processing Equipment, Instrumentation,
and Fundamental Properties of Materials.
The references cited form an abbreviated

list, and for more complete listings the
reader is referred to a summary of
publications.3

FOOD PROCESSING EQUIPMENT

Peeling and Blanching

The application of infrared radiation
to food processing received considerable
attention during the early 1960's (3, 4, 5,
7). This was directed toward the two
operations of peeling and blanching of
fruits and vegetables. In their work on
infrared peeling of fruit, particularly in
apples, Kemp and Asselbergs (7) initially
determined that the main effect for
peeling was achieved by direct infrared
radiation, not by convective or conduc-
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tive heating. The tunnel designed mini
mized the effect of conduction and

convection (Figure 1). Although adequate
loosening of the skin was achieved in the
infrared tunnel, some additional equip
ment was needed to remove the peels.
With products such as apples the problem
of core removal with the associated

problems of orientation remained.
Asselbergs et al. (3, 4) considered the
energy output of various types of infrared
sources (the quartz lamp, quartz infra-
tube and calrod) and the influence of
voltage changes on power output and
wavelength. Heat penetration into apple
tissue was measured. Infrared blanching
was studied for several products: apple
slices, celery, peas, asparagus, corn, beans,
turnip, and carrots. For the latter five
products, infrared blanching was unsuit
able. For celery, the treatment using a
15-s boiling-water dip followed by infra
red blanching gave a superior product
when compared with the conventionally
blanched material. For frozen apple slices
infrared blanching produced a product
with better texture, flavor, and color than
steam or vacuum blanching. Quality of
infrared-blanched and steam-blanched

peas was similar.

Studies on the feasibility of using
water flotation for the orientation of

apples prior to peeling and coring were
undertaken by Timbers and Reid (15). A
small prototype unit based on water
flotation was developed that was useable
for some varieties of apples; however, for
general industrial application the princi
ple did not appear satisfactory.

Thermal Processing

Continuous microwave processing was
considered by Aref et al. (1) when they
modified a conventional microwave oven.

The oven was modified by the addition of
a continuous conveyor, forced air circula
tion, perforated plate energy diffusers to
even out the energy distribution, and
water circulation pipes to absorb excess
energy when the oven was not fully
loaded with product. The unit was used
for trials on finish drying of rice and
partial drying of potato strips. The pilot
unit described by Aref et al. (1) was used
in preliminary studies on wiener cooking.
In conjunction with the Food Research
Institute, the Radio and Electrical
Engineering Division, National Research
Council of Canada, Ottawa, developed a
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Figure 2. The Rolltherm cooker-cooler devel
oped at the Summerland Research
Station.

multiple-ridge waveguide for microwave
cooking of wieners (14).

A development by Kitson (10) was the
Rolltherm Cooker that received the top
international award of the Revue de

lTndustries Alimentaires et Agricoles at
Paris for new processes for the food
industry. Agitated cooking has proved
advantageous for the thermal processing
of canned fruit. With agitation, processing
is much more rapid and uniform,
resulting in generally improved color,
flavor, and texture. Although several
agitated cookers have been developed, the
Rolltherm has the advantage of simplicity
and the ability to handle institutional-size
cans. The Rolltherm cooker (Figure 2)
consists of a tank fitted with a rapidly
moving flat mesh belt with a slower
moving conveyor fitted with cross flights
approximately 5.08 cm (2 inches) above
it. Cans enter the cooker via a release

mechanism that allows them to fall into

pockets formed by the flights on the slow
moving conveyor. Differential movement
between the two conveyors provides the
rotation of the cans at the same time as

the cans are moved through the tank.
Sprays are provided above the cans in the
cooling section to provide rapid cooling
of the product.

Freezing and Dehydration

Pilot plant equipment for fluidized
bed freezing and drying has been
developed. The first, described by Scott
et al. (12), was a single unit containing
both steam heating and refrigeration fa
cilities in a single air circulation system
(Figure 3). A second pilot plant fluidized
bed unit has recently been developed by
W.S. Reid of Engineering Research
Service, Ottawa, Ontario (Figure 4). This
latter unit had the freezing and drying
sections separated and the capacity of the
refrigeration system increased. Low tem
peratures, down to —40 C, may be
achieved using this unit with very rapid
freezing of diced food products. Freezing
times of 6-7 min with a 15-kg load from
16°C to -10°C or 3-4 min to cover the
same range with a 4.5-kg load may be
achieved under normal operation. An
additional feature that allows the con
trolled injection of liquid nitrogen into
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Figure 3. Pilot plant fluidized bed freezer-dryer.

the bed may be used to provide rapid
passage of the product through the
freezing zone. The unit is being used in
freezing and drying studies at the
Kentville, Nova Scotia, Research Station.

Cryogenic freezing of egg or other
liquid or semiliquid products has been
accomplished using liquid nitrogen (2,b).
The freezing of egg melange in a
free-flowing particulate form (Figure 5)
offers many advantages over the conven
tional process wherein the egg is frozen in
30-40-lb (14-18-kg) pails. Unlike the
conventionally frozen material, the cryo-
genically frozen droplets freeze and thaw
rapidly, and form a homogeneous prod
uct with the same cooking performance
as fresh eggs. The droplet form of the
product allows easy handling for pouring,
measurement, and packaging. A proto
type freezer was built consisting of a
peristaltic feed pump to produce droplets
of the material, a,liquid nitrogen reservoir
for direct immersion freezing of the

b Timbers, G.E. and M.M. Aref. 1970. Cryo
genic freezing of liquid egg products. Paper
presented at Can. Inst. Food Technol.
Meeting, Winnipeg, Manitoba, June 1970.

material, and a conveyor system to
remove the frozen material from the

liquid nitrogen (Figure 6). This demon
stration unit freezes about 50 lb (23 kg)
of egg material per hour. The cryogenic
freezing process has been licensed by
Canadian Patents and Development Ltd.
to a commercial firm who are at present
conducting market surveys and trials.
This process won the Technique Prize at
the 1972 Revue de lTndustries Ali

mentaires et Agricoles in Paris.

Laboratory studies on the dehydration
of tobacco have been undertaken. Utiliza
tion of several dehydration methods,
including tray drying, fluidized bed,
vacuum oven, and freeze drying, have
been considered as means of shortening
the rather long conventional flue-drying
procedure.

Vacuum Treatment

Kitson at the Summerland Research

Station has worked on the development
of equipment for the food processing
industry. Although vacuum degassing of
apple slices before canning or freezing has
been practical for more than 40 yr, it was
normally a batch operation. A continuous
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Figure 4. Dual unit pilot plant fluidized bed freezer-fluidized bed dryer.

Figure 5. Cryogenically frozen-egg melange.

Figure 6. Prototype liquid nitrogen freezer for
the production of particulate,
frozen-egg melange.

vacuum degassing system was developed
by Kitson (8, 9, 11) in conjunction with
the Ellett Copper and Brass Co., Van
couver, British Columbia. The product
enters and leaves the vacuum chamber

through water-filled columns at least 32
ft (9.8 m) high (Figure 7). The water
pumped through the barometric water
legs serves both as a transport media for
the apple slices and as seals for the
vacuum chamber. Two systems may be
used to transport the apple slices through
the vacuum chamber: a conveyor belt
(Figure 7) as used in horizontal units of
up to 1 ton/h (900 kg/h) capacity, or a
revolving segmented chamber as used in
the vertical 4.5 ton/h (4,000 kg/h) unit
(Figure 8). With either system the
advantages of continuous operation are
realized as the vacuum is never released.
Vacuum system requirements are lower as
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Figure 7. Continuous-vacuum treatment pilot
plant with 1,500 lb/h (700 kg/h)
capacity.

the pump needs only the capacity to
remove the gas released from the fruit
passing through the system.

Aroma Concentration

The production of very high-fold
aroma concentrates has been undertaken.

A laboratory vacuum-stripping column
has been used by J.A. Kitson of the
Agriculture Canada Research Station at
Summerland, British Columbia, for the
production of about 10 g/d of 20,000-
fold apple essence concentrate. The very
high-fold aroma is useful for restoring the
natural aroma to dehydrated products,
such as drum dried apple sauce, or in the
production of powdered juice mixes. The
production of a dry aroma powder has
also been accomplished (13) and licensed
by Canadian Patents and Development
Ltd. A pilot plant vacuum-stripping
column has been constructed at Engineer
ing Research Service in Ottawa (Figure 9)
to study economics of commercial
productions. The pilot plant will produce
about 500 g of the 20,000-fold essence in
a day's operation. Feedstock for the
column is a concentrate of 100-200-fold.

The feedstock is heated to about 55°C in
the feed section (Figure 9, A) at about
175 mm Hg. Vapor and liquid are
separated at the vapor-liquid separator
cyclone (B) and the vapor enters the
vacuum-stripping column (C), which is at
125 mm Hg. Vapor and nitrogen-stripping
gas rise through the column to the chilled
water condenser (D) that operates at a
temperature of about 4°C. Condensed
vapors, primarily water, drain back
through the column to the reboiler (E),
while the noncondensed volatiles travel

through the teflon-ringed vacuum pump
(F) and are trapped in dry ice/alcohol
traps on the atmospheric side of the
pump. The pilot plant column is being
used at the Summerland Research Station
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Figure 8. Continuous-vacuum treatment sys
tem with 9,000 lb/h (4,000 kg/h)
capacity.

for production studies and subsequent
commercial scale-up.

INSTRUMENTATION AND

FUNDAMENTAL PROPERTIES
OF MATERIAL

Instrumentation has played an impor
tant role in the function of Engineering
Research Service, both with instrumenta
tion development for quality control-type
work and for studies on the fundamental

properties of food and agricultural
products. Extensive work in this area has
been conducted (references 16 to 29
inclusive) particularly in the development
of textural instrumentation.

Cereal Products

The development of instrumentation
for the assessment of the Theological
quality of wheat flour dough was
undertaken (16, 17, 18, 19). Conven
tional commercial dough-mixing devices
used 30-g samples. Conventional appara
tus was modified for electronic recording
and, subsequently, mixers using 10- and
5-g samples were developed. Accurate
assessment of cereal dough properties
using the very small samples (down to 1
g) greatly aids the cereal breeders as
varietal selection may be made at an
earlier generation than previously possible
(Figure 10). An electronic recording
Farinograph (Figure 11) was developed
(18) for accurate small sample (10 g)
evaluation of water-imbibing properties
of flour. A dough-sheeting device (19)
was devloped that estimated dough
quality through the measurement of the
forces required to sheet dough. These
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Figure 9. Pilot plant vacuum-stripping column for the production of high-fold aroma concentrates.
A, Feed heater; B, vapor-liquid separator; C, stripping column; D, condenser; E, column
bottoms reboiler; F, vacuum pump.

techniques are now being utilized for
product development and quality control
in the baking industry and are being
explored to control commercial baking
processes.

A miniature flour milling system for
the complete milling of small samples of
wheat was developed by Kemp et al. (6).
The microflour mill (Figure 12) utilized
25-g samples of wheat. Four samples
could be milled simultaneously.

Eggshell Strength

The strength of eggshells has been
studied by Voisey and Hunt (21, 22)
using a wide range of techniques.
Conditions ranging from quasi-static to
impact have been used with conventional
mechanical testing, high-speed photo
graphy, and Beta backscatter.

Food Texture

Extensive work on food texture and

physical properties of agricultural prod
ucts has been undertaken by Voisey.
Early work (20) was concerned primarily
with the study of raw products and
centered around puncture tests. A wide
range of textural testing equipment was
developed for physical properties research
on many food products; for example,
meat shear devices, curd testing (for
cheese and dairy products), gel testing,
and cooking viscometer for starch prod
ucts (29). The development of a generally
applicable system for the measurement of
food texture arose from Voisey's work on
many areas of food texture. The Ottawa
Texture Measuring System (25) (Figure
13) with its wide range of test cells and
configurations has been found useful in
textural studies on a wide range of food
products from fruit and vegetable prod-
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Figure 10. Electronic recording dough mixer.

Figure 11. Electronic recording Farinograph.

ucts, to pasta and processed fish. It is
now available commercially in both
research and quality control models
through Canners Machinery, Simcoe,
Ontario.

Direct application of textural work to
a food industry problem has been on the
•development of systems for the grading
of peas on basis of texture. This work has
resulted in a series of papers by Voisey
and Nonnecke (24, 25, 26, 27, 28)
detailing the problem, comparing existing
methods, development of new proce
dures, and standardization.

Moisture Analysis

Analytical quality control techniques
may be studied. The grading of powdered
milk samples on the basis of moisture
content lead to a study of vacuum ovens
used in moisture content evaluation.

Studies by Timbers0 in cooperation with
D.B. Emmons of the Agriculture Canada
Food Research Institute showed tempera-

c Timbers, G.E. 1972. Moisture content deter
mination in milk powder - A report on
various drying ovens. Rep. 7036, Eng. Res.
Serv., Agriculture Canada, Ottawa, Ontario.

ture variations within the vacuum cavity
of the ovens that introduced pronounced
differences in moisture content evalua

tions. Estimates of the moisture content

of homogeneous powdered milk samples
were found to vary by up to 0.6%
moisture content due to temperature
variations. Considered in relation to the

range of values under consideration
(about 4%) such large error is unaccept
able.

Thermal Analysis

Laboratory studies involving differ
ential thermal analysis have been under
taken." Equipment was developed and
used in the study of proteins. The DTA
apparatus has been used as well in the
study of beeswax as a technique for the
detection of adulterants.

The thermal properties of agricultural
and food products is an area that is being
developed. Studies on the thermal char
acteristics of rapeseed as involved in
processing are under way in cooperation
with the Rapeseed Association of Canada.
Thermal processing of rapeseed is particu
larly important in the inactivation of
enzymes. Thermal diffusivity, heat trans
fer coefficients, and the influence of
moisture content are being studied.

SUMMARY

Food engineering at Agriculture
Canada has encompassed a wide range of
topics. Studies on equipment for food-
processing operations have been under
taken at Engineering Research Service,
Ottawa, Ontario, and at the Research
Station, at Summerland, British
Columbia. Commercial application of the
continuous vacuum-degassing equipment
and the Rolltherm have established their

d Timbers, G.E. and J. Caron. 1969. Low cost
differential thermal analysis. Eng. Specif.
6836, Eng. Res. Serv., Ottawa, Ontario.
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Figure 12. Ottawa microflour mill with exter
nal casing removed.

•Ejl

Figure 13. The Ottawa texture measuring sys
tem.

usefulness. Licensing of the cryogenic
egg-freezing and powdered aroma pro
cesses to commercial firms indicate a

probable establishment of these products
in the market place.

Instrumental aspects of food engineer
ing have been concentrated primarily in
textural work; however, studies on
thermal analysis and the thermal proper
ties of products have been undertaken.
The Ottawa Texture System is now in
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quite wide use for textural work in the
Research Branch and is becoming an
established tool for this type of work in
Canada. With commercial production of
this equipment it is now being acquired
by both universities and food industries.

Work in Food Engineering within the
department is continuing in the broad
areas of equipment and process devel
opment, instrumental techniques, and in
the fundamental properties of food and
agricultural products in close cooperation
with other governmental agencies, univer
sities, and industry.
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