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16,0 oSummnary
Zackrround:

World population is growing at 2,1-2,2) per annum. The demand
for food and other agricultural products will prow. Agriculture and
food play & major role in the cconomy of Canala., OChemistry and
Chemical fngineering are essential to the development of 5 modern
arriculture and food processing and distribution industry.
Concluzions:

1. Agriculture and food research is multidisciplinary in nature und
increases in the purely chemical inputs cannot be justified unless
there is a corresponding increase in the biological effort,.

2. Agricultursl research is concentrated in goveranment and university
laboratories and is well established., Co-ordination of current
effort to achieve national goals is most essential,

3. Food'research is in its infancy and deserves more support.

Le The Canudian Food Industry relies, with frrr exceptions, on rescarch
and develonment done in the U.5.A, The Industrial kw efTort is
not expected to increase sinnificantly.

Jecommendationss

1. BDevelon strong central lood research laboratorics to carry out
basic aad applied research programmes,

2. Chemical education should include somevorimntation towsrds food
and agricvlture.

3. The complex nature of food and arriculture WD makes it imperative
that increased support be directed towards expansion ot existing
laboratories, fragmentation of manpower and Tunis amon: small

laboratories will not be effective,
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Introduction

The population of the wor
in history, between 2.1 and 2.
probasbly continue or even incre
rate will decresse but a world
seems likely by the year 2000,

of 3.4 x 10°

is now growing at the highest rate
per annum. This rate of growth will
ase slightly. Eventually, growth

population of about 6.5 x 107 humans

Even at the present population level

humans, under-nutrition (inadequate daily intake of

calories, a quantitative deficiency) occurs in numerous locelities

while melnutrition (lack of food quality, a quelitative deficiency)

is common,

production in the highly popula

decreasing or st best remaining

other agricultural products wil

Hunger is widespres

d. Because per cepits rate of food
ted, under- and mal-nourished areas is
constent, the demand for food and

1 continue to grow,

Through multilatersl or bilateral plans, developed countries try

to help developing countries,

that gifts of food are palliativ|

totally inadequate., Developed

It is generally acccpted, however,
es at best e before long,will be

countries now reslize that developing

countries need technical and scientific help, e.g. educators,

ecoaomists, market analysts, so

doctors, snd home economists.

responsibility to supply specig

ciologists, nuiritionists,; medical
Moreover, they recognize their

lists to these countriecs. Therefore,

when the need for research in a given field or the need for trziusing
&

ian a given trede or discipline

Canadian requirements should be

considered, world demand as well as

taken into sccount. Agricultursl and

food scientists are needed in ﬂeveloping countrics to helr them



produce food and preserve it. Moreover, agricultural problems that
are all but solved in developed countriss still plague farmers in
developing countries and solutions unique to these regions must be
found. Transplanted knowledge does not always take root.

New land can still be opened up, other land caen be returned to
production and lend currently farmed can be used more effectively.
Through the use of fertilizers, the chemical composition of the soil
can be controlled; where indiéated, irrigation cen bring higher yields.
Plant and animal breeding cen increase ylelds and nutritive vslue of
the produce markedly.

Food waste is high in all countries but in some developing
countries as much as 50% of the food is lost to the needy consumer.
The causes of waste are many: inadequate or inappropriate seed
(animsl as well es plant), faulty nutrition, lack of protection from
pathogens during growth and predators after harvest, inadequate or
non-existent processing and storege facilities. Truly, agricultural
and food science are bedly needed and their chemicel and chemical
engineering components are important factors affecting food supply
and the availability of non-food agricultural products. Both agric-
ultural and food science are needed in both developed and developing
countries if waste control is to accompany increased food production.

Bioclogical systems ere seldom, if ever, sémple. Thus, to solve
biological problems, & brosd spectrum of scientific disciplines is
needed: biology, physics, chemistry and mathematics. More specif-

icslly, analytical, inorganic, orgenic and physical chemistry,



biochemistry, cytology, genetics, entomology, pathology, physioclo:y,
pharmacology, nutrition, toxicology, statistics, aprometeorology,
virology, food science and technology, microbiologicel, food and
instrumentation engineering, soil genesis, chemistry and mineralogy
‘and other disciplines are required., Only through a2 multidiscislinary
approach can complex problems be solved in finite time,

The terms of reference of Committee 16 preclude its snalysis of
other than cnemical and chemical engineering RiD. Thus most of the
above disciplines will be reported in other surveys. Part of the
truly chemical activity, however, will be assigned to other coumittcos
of this survey: O0l, Analytical Chemistry; 05, Fuels, etec; 17, Biocheme
istry; 19, Tarth Sciences. The Committec does not wish to deny thuat
disciplines practiced by agricultural and food scicatists are used in
other fields. It wishes, however, to emphasizc thc Tact that rosesreh
on the chemical resctions in soils iz still an intrinsic part of
azriculture and studies of how the plant obtaias its nutrition from
the s0il are needed to lmprove crops qualitativel: 2nd queatitatively.
Similarly, naturel products chemistry is an intriqsic part bf food
scicnce and must not be divorced from food,

bbltidisciplinary researceh implies coopnra@ion amon; scionbists,
Cooperation on an intarnational scale is also needed ir “he bur;eénblg
world population is to be fed and clothed., Trsining centrnrs cstiblished
by nultileteral or bileteral arrangements for acricnliural and food
scientists and technicians are required the world over. The activity

of these centres, however, must be focussed shurniy on spocific
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problems szlected carefully. The ’objactives of agricuitural and
food séience must go beyond providing cslories and protein for people
because the food must be aesthetically attractive and tsilorzd to
suit local testes and needs. Food that is not eaten is food wasted,
Therefore, extensive market research and consumer acczptance testing
must accompany or prec2ed the scientific activity if it is to be
fruitfui. Developed cbuntries must be prepared to supply key
personnel during the formative years of the educotional or industrial
prograsms. The needs of developing countries must therefore be kept
in mind when decisions are made as to the required number of
researchers in a given discipline or specialization,
Definition of Fields
General

The Committee decided that a definition of agriculturs and food
mist be sufficiently broad thet it includes the full spectrum of
activities from the seed (plant or animsl), through growth, harvestinz,
processing and storage to the consumption of the product whether
edible or non-edible. Traditionally, however, agricultural research
has dealt with problems relating to production whéreas the use of the
harvesled matarisl was considered to be the concern of spocific
industries: wool, linen, leather, glue, gelatin, sugar, starch,
brewing, meat packing, fruit and vegeteble procesiing, milling and
baking aad many others, Thus, agriculturel research wes conceraed
Wwith plant and auimal genetics, breediapg, nutrition, vathclowy,

taxonony, physiclogy; 'soil genesis, fertility, chemistry and physico;



entomology; pest control through chemicals or by biological control;
microbiology. As a corollary, food rescarch cOVGréd the conversion
of raw materials into consumer goods of adequute storage life,
nutritive value and aesthetic appeal. Generally, food research
involved the packaging, preservation and storage of the product and
employed the following disciplines: chemistry, biochemistry,
physiology, pharmacology, toxicology, nutrition, microbiology, food
technology, food engineering, physics, instrumentation engineering,
and chemical engineering. |

Plant and animel breeders require services when selecting strains
for further crossing or propagetion. For example, breeders of oilseed
pleats will renuire information on the chemical composition of the
storage fat, carbohydrate and protein in the seed as well as
nutritional data on these compenents. They will slso need information
on its disecase resistence and agronomic behaviour., Chemists and food
scientists are invitsd to supply this information but seldom doss
this support involve research per ge beyond the development of new
analytical methods,

In contrast to this service work, agricultural chemistry,
biochemistry snd food science have a direct research input into
agriculture.> Fundamental research on the structure of lipiis,
corbohydrates and proteins and the nature of their conjugatss; *“he
chemistry and biochemistry of growth-actlive substances and pes£icides;
the chemical and biochemical reactions during fertilization, sprouting;

lactution, ruminent metabolism, the metsbolism of microorganisus;



- 10 =

thermodynamic studies of membranes, end heav transfer during
dehydration and freezing; the impact of food processing on nutritive
velue are exsmples of resesrch areas free from the connotation of
service work yet of prime importance to food and agriculture.
Contemporary food research has feed-back to traditional agric-
wlture as well as input into foad processing and storage. It is,
therefore, intermediate in the food chain and the food research chain,
Moreover, ss non-agricultural foods become increasingly important and
displace or augment traditional foods, food ressarch will have to
focus on new food problems arising from a variety of sources, Food
from the sea, from microorgaenisms and other loﬁer plante, completely
syathetic foods s well ss foods of agricultural origin will ell be
congidered substrate for food research. The polygamous marriage of
food with agriculture, fisheries and biological engineering and the
resultant offsprings must soon be legitim,a’jclﬁed.
Definjtiong . blurring of traditional distinctions between agricultural
research and food research increases the difficulty of defining these
fields. Nevertheless, the following compromise definitions ere
submitted:
Agricultural research is concerned with understanding the

processes involved in the production and protection of

erops znd animals and in the soil that supports them and

with the application of this knowledge to the solution

of specific problems.

Food resesrch is concerned with understanding the physical,
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chemical and biological nature of foods znd the changes
that they undergo during processing and storage and with
learning how to effect these changes with maximum bencfit
to the product,.
Cily the chemical and chemical engineering aspects of these
two fields will be described in this report.
Seaadlan charac%eristics
Canadian azricultural and feod R&D has certain chsracteristics:
i Sanada nas s loag, severe winter, its population centres are
well removed from centres of agricultursl production, its
pooulation is small but its agriculture and food industries must
ccal with most of the problems encountered in warmer, more
nonulous countries.
ii  ilsny of the leading manufacturers of fertilizers, pesticides
and foods are subsidisries of foreign-owned companies.-
iii  Apriculturel research, with the major exception of wheat and
oilseeds, has been predominantly production-oricnted,
iv  Food research is in its infancy.
v desrarch effort has been concentrated in movernment laboratories

with university and industrisl reseorch o minor component,

Sstimate of rresent Level of Research Activity and its Distribution
sources of information
As of darch 31, 1968, the Department of Mgnpower and Immigration

nas provided no data. The machine-runs from the C,I1.C. Questionnaire



- 12 =

dnty ore now complete. Information has been obtained from a survey

eonducted by Professor Douglas Ormrod of the University of British
Columbia on behalf of the Department of Industry. The bulk of

Jr. Ormrod's findings will be discussed under Section 16.5, however.
The 1966 inventory of agricultural research projects prepared fou
iae Canadian Agricultural Services Coordinating Committee provided
information as did "ilesearch Index Ontario. 1967" published by the
Untoric Economic Council.

CALCC Survey information

In the opinion of the Research Branch of the Canada Department
of Agriculture, which conducted the survey for CASCC, the 1966
inventory shonld be considered as a pilot survey. It suffers from
the fault that not everyone who was invited to provide data did so
and from the fault the decis;ons to include certain classes 6f work
and to exclude others may not have been exact., Moreover, the coding
system under which the RE&D work wus classified had not been tested
thoréughly before its use in the inventory.. Nevertheless, the CASCC
survey can be considered useful.

The survey covered 2563 projects, the research projects in
progress in the estsblishments of the Federal and Provincisl
Separtments of Arriculture and in the Faculties of Agriculture and
of Veterinary Medicine in Canadian universities., Of these projects,

3,5 4 are chemical research
2.6 5 are food technology or food engineering projccts

2.8 5 are biochemical research



Thus, .94 of the projects fall under the terms of reference of the
C.I1.Ce survey. The other 91,1% involve biology, agricultural
cnrineering or economics,

The 90 "chemical" projects absorb 56,5 man=-ycars of research
effort, the 67 food technology or food engineering projects require
25.% man-years while the 71 biochemical projects consume 43.8 men-
ycars, Thus, of the 1200 man-years of rescarch reported by the CASCC
survey, 4.7 are chemical man-years

2,12 are food technology or food engineerinc man-years
3,65 are biochemicael man-years.

If & man-year of soil, crop or biological research costs 30000
and a man=yenr of animal researcn costs ,70000, the following cost
firmures c:n be ecalculated:

s0il Researchs
Total man-years = 182.4 = 5,472,000 ‘
Chemical man-yesrs = 31.5 = {950,000
Chemical man-years as per cent of total man-years - 17.35.

Chemical research on fertilizers is not revesled explicitly
a.d there is no guide for extracting this information from the general
assembly of chemlcal man-years.

Crop desearch:

50547 15,171,000

Total man-years
Food research mai-yeers = 17.6 = 540,000

lion-food chemical or biochemical man-years* = 3,6 = ,108,000

23S

food man-years as per cent o” total man-yesrs = 3.5
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Jdon-food chemical man-ycars* as per ceant of totel
man-years = 0,713,
(Estimated as 55 of the "biochemical-physiologicall
MAA~yCars) .

‘Tre foou research listed under crops is uncvealy distributed
seross Sanadat 364 1n Ontario; 315 in Sritish Columbia; 135 by the
Jnder:l Goverament; 104 in the Maritime Yrovinces; 5.65 in Juebec;
2,85 in Menitoba; 1,14 in Alberta and nil in vaskatchewan.

The 17.6 man-years of Crops food research has the i"ollowing
distribution: 315 fruits general; 295 general; 14° other vegetables;
2.55 small fruits; 8.53 potatoes; 6.3% apples; 2.3% tomatoes; l.13
- other tree fruit. These foodi resnarch man-yeurs were all listed

under Horticulture with no activity assipgned to Cern~als or Field
STops. Presumably, work on wheat flour, dough and baking is not
considered food research,

ininal Jesesrch:

Total man-years R22,1

I
1l

515,547,000

Joou research man=years 22,8 = 1,556,000
won=food chemical or biochemical man-ycars¥* = 4.5 = ,315,000
food man-years calculated as per ceat of total man-years

= 10,24

don-food chemical or biochemical man-yoszrs* calculated

G

ss per cent of totsl man-years = 2,05
# (istimated as 104 of tne "physiclogy" man-years)

1\

Tne Tood research listed under "“Aninals" huas the following
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sistrioutions 345 by the rederal Goverament; 31% in Alberta;

8! in Cntario; 114 in Quebec; 2,6% in Manitoba; 6,87 in Saskatchowan;
1.2 in British Columbia; nil in the Maritimes.

The "inimals" food researcn consists of 16,1 maa-years on cuttle;

1./ man=years on poultry and, by difference, 3.3 mwn-ysars

undesignated. Dairy research accounts for 885 of the "cattle™ food
rescarch while chickens consume 100% of the "poultry" research.
General Biology Research

sy 986,000

]

Total man-yesrs £ 1€6,2

3234,5000

]

Chemical man-years® = 7.8

Chemical man-yesrs* calculated as ver cent of total
man-years = 475

# (Estimated as 1075 of the sum of "Chemical, Physicsl
and Biological Properties" plus "Zeactions to datural
or Imposed Chemical Agents").

The magnitude of the assumptions made in extracting a chemical
component from General Biolopy Research precludes estimating its
seopgraphical distribution., The Federal Government, nowever, conducts
685 of the research on "Chemical, Physical and 3iological Properties®
and 484 of that on "Reactions to Natural or Imposed Chemical Agents',

Chemical rescarch on pesticides is likewise hidden in the total.

PR IR "

Dominicn Bureau of Stutistics Data, Catalogue ido, 13=827 anu 2!
In contrast to the CASCC Burvey, which dealt solely with
federal, provincial and university research, the BJ data are

[

aerived solely from industry. These data, howover, apocar to have
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They deal with R&D in general and, except for Tables 11 and 12 (1965

data), there is no way in which chemical costs can be identified.

Mireover, although "Food and Beverages" have been reported as a unit,

non-food agricultural research such as that on pesticides, fertilizers

and tobacco cannot be identified. The items "Other Chamical Products"

and "Other Manufacturing" contain data on fertilizers, tobacco and,

presumably, pesticides but many other products and manufacturing pro-

‘cesses are also covered by these headings. Table 11 shows that 15.8%

of the food and beveragé industry's intra-mural R&D expenditures were

for drugs, medicines and industrial chemicals. Table 12 shows that 85.4%

of the engineering effort was chemical; 41.7% of the scientific R&D was

chemical and 35.4% was agricultural and biochemical.

The position of the Canadian food and beverage industry relative to

the other industries in the tables of data was obtained by ranking. The

following comments arose from this exerciseé:

i

ii

iii

The Canadian food and beverage industry is the largest in Canada
with a sales volume in excess of 6.1 Billion dollars in 1964. It

is the largest employer in Canada with 131,000 employees.

R&D expenditures in 1965 were 6.15 Million dollars (excluding equip-
ment and buildings). This figure inciudes R&D expenditures on animal
feeds, drugs, and industrial chemicals of 1,6 million dollars. The
net expenditure in 1965 on food and beverage R&D was, there-
fore,4.53 MM dollars.

Total R&D expenditures including capital in 1965 was 7-9&

MM dollars for an overall industry ranking of 12 (20

industrial classifications). Translated into other terms the

food and beverage industry spent less than ten cents on R&D per 100



dollars of salecs.

iv  The Canadian Tood and beverage industry finances i%s an )
oﬁ%rations almost exclusively. In 1965, governmenthﬁﬁg agrants
snounted te 300,000 dollars., Ixtra-mural X expenditures

were 730,000 dellars., OF tais amount 325,000 coilars wore

4

asnent ocutside Canads., Thils figure swedmedy rovresents an

overhoud research charzge on Canadlaon subsidiavies o8 forelsn-
owned corporations,

v The number of scientists and engineers omployed was 231, The
supporting staff was 246. Tranglated into other terms the food
end beverage industry employed 3,6 people in WD per 1,000
employers., The overall industry fank was 14 (20 industricl
classifications) on this score,
The D expenditure by the Cenadiaa food and beverape industry

iz pitifully low in relestive end absolute terms. Moreover, the

tu

Pn

e

situstion is not likely to improve because about 75.) of the 4w is

1l

neriformed by no more thsn 20 corporations and these sre maialy
Sanudisn subsidiaries of foreign-owned firms. The general trend
amon: lerge corporations is to comsolidate their i effort in
central iaboratorics. The Canadian &) effort shoild, therefore,
shrink rathér then expand because Canadion corporatioas appour to
lack either the resources or the foresizht to maintsin e fecilities,
Inprovement in the amount and quality of the tuality Control work

is essentially all that cen be expected of the Janalian-owmed foad

an.i beveragc industry,



Research Index, Ontario 1967
This survey of R&D activity covers projects being carried

on within Ontario Government Departments and Agencies and 36

industrial laboratories. Projects are reported by title 6n%1

and no indication is given of the number of man-years associated

with each project. From knowledge of the R&D activity in Ontario

food companies, major differences could be detected in the free-
dom with which the various companies reported; some reported all
activity while others hid all their R&D under one vague h,eading.

Of the 36 companies repclrting project titles, 4 or 11% were con-

cerned with food and agriculture.

Of the 613 projects reported in the Research Index, 238
ovr 39% dealt with agriculture. Of these, 45 involved directly
food chemistry, food technology or food processing. Thus, 18.9%
of the agriéultural projects or 7,3% of all the projects involved
food. However, many of these projects musb be of minor impor-
tance because some researchers list as many as 15 projects
per man, with 4, 6 or .9 projects per man pot uncommon.

Of the 613 projects, 70 dealt with ’agricultural or
food chemistry and thus 11.4% of ODntario's research effort
can be considered by the C.I.C. Survey. Of the 90 chemi-
cal projects reported in the Research Index, 24 or 26.7%
dealt witn agriculture or food whereas only 1 of 73 pro-

jects in Life Siences dealt with food.
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Uivision of research effort between brovincial governmeﬁt and
industry on the basis of number of projects instead of man years is
not too rewarding an exercise. Nevertheless, in Ontario in 1967,
13% of the food and agricultural projects were financed by industry
and, of these, 14 or 47% were food projects. Of the provincial
govermment-supported agricultural projects, 14.5% were food projects.
C.I.C. Survey

The data from the C.I.C. Questionnaireé has been campiled

into tables which are published as Section 18, C.I.C. Survey of

Chemistry R&D in Canada 1966. Intramural research refers to
the research activities cérried out by employees of the reporting
agency or agencies, | »
i Goverrnment Reporting Unit Questionnaires

These questionnaires show that Federal and Provincial
goverrments supply all the funds for intramural research. Over
the 5 year period f?llowing 1966, Federal funds will form 99.3%
of the operating ex@enses and, except for 1968 where the value is
97.8%; 99.8% of the capital funds (Table 2). The Pederal govern-
ment contributes no money to provincial research nor does any
Provinéial goverrment help Federal government research (Table 3).
According to Table 9, 97.2% of the reported projects‘are supported
by the Federzl govermment.

Tabie 5 shows the distribution of man-years of Federal and
Provincial povermment research by discipline and university

degrees. A break-down of disciplines according to involvement



in food aad agricultural chemistry was not uvailable,

Cf the 560 projects reﬁorted in Tavle 2, the Federal
sovernmeat supports 97.9.5. .Of these, 100 (17.93) projects
were coded as Agriculture and Food, A further breakdown within
Comnittee 16 interssts produced spparent discrep;ncies:

(a) Only é nrovinciasl projects are listed, botn on fruits aad
Iruit juices. Yet, the‘"Research Index, Caterio, 967"
lists many Provincial government agriculture and food
projects, including wine making which has a nil revort in
Table 8,

L 3 I

(b) Pood and feed additives are said to constitute 2%33% of
Committee 16 projects. It is common knowledge that the
only Canadian RED on food additives is 4 man-yrsrs of anal-
ytical chemistry which ﬁould be coded Comuittee Ql. 1t is
also common knowledge that no additive is used in Sangde
unless the necessary toxicity, product application and
market development studies have been comnleted in the U.S. A,
by the iarge corporations. ~

(c) According to Table &, there is no Canaiian government
activity in the chemistry of plant growth regulators. Irom
personal knowledge, at least 4 projects sre kaown to have
been cctive in 196667,

These discrepancies seriously reduced the impact of the R.U,

Juestionnaire data. They are possibly due tos

1) the use of three differcnt questionnair-s by tiae Goveranment,

university and industrial agencies;



ilfoerences 11 ilatervretanion by resorsine scicntists;

3; inuaenuacy of the questioanaire for ¢ porticulur discipline

or vasearch area.

alien the projects are reported by the CIC ladustry Classil-

ication (Table 1C), no H&D is shown for Tobacer cnd only 1.3
of the projeets bear on Agricultural Chemicgls (fertilizers,

sprays etce)s The Food aad Beveraze iniusiriss accounted for

Ao a e P LEPRUe I
25.2% of the projects but the -majority of ithcse were listel
proj -maj
A

under "other! and {urther breakdown)was unprofitavle, On the
basis of R&D operating expenses, Agricultursl Chemicals received
only 0.24 of the total while Foods and evirazes receivel 17.7% 5.

Tehle 11, which shows Reported Tipenditures, would coatuin
the same apparent anomalies as Table O, 0:i a dollar basis, it
shows no single unit of Committee 16 accounls Tor u large portion
of the ) money attributed to Comwittee 16 (10,9 of the tozal
D expenditure).

Table 11A deals with the distribution of Rub opercting
funds omong Bosic, Applied and Developmental rescarch. It shows
that the D coded to Committee 16 consumes 12,475 of the 3asic
research dollar, 14,34 of the Applied and 3.5: of lhe Jdevelop-
mental research doller, Within Committee 16, toec distrilbution
is 26.87%, 55.4.5 and 7.75 respectively. It seems valid to concluae
that nuite fundamental éhemistry is apnlied to food and
agriculture problems.

As shown in Table 16, the Federal aad Provincilal govern-

nent cetivities coded to Committee 16 involwved 13.2.5 of the



total manpower of which 99,25 arc fedeccl goverament employeen,

)

ey révresent 13,15 of the Ph.D.'s, 19.05 of the i i.'s, 6,67

o]

of the BeAu's and 14.13% of the technicians. Amon: themselves,
the Fhode's form 28,55 of the total, the M.A.'s, 9.97%, the 3.4.'c
7.15 and the technicians 54.55 of the totsl manpower coled or
Committee 16,
Company Questionnaires

As of February 3, 1968, few datas were available oa the food
and agriculture industries specifically. & renucst has been
made rfor a breakdown of the tables to show Committee 16 interests
but this apparodtly could not be gfanted.

The following general comments can be mede ot this time.

P

Over the next 5 years, Industry is forecistin: a 22% iner ese in
its opersting expenses while indicating a 46,55 reduction in its
capital expenditure., Oversll 8D expenditure is expected to
inerease 10,95 over the next 5 years (Table 24).

Cane.ian industry supplies 87,72 of the operations funds,
95,0 of its capital expenditurcs and 89,65 of its total o
costs. The [Federal Government grants, respectively, 4.9, 2.9

nd 4.44 of the costs, from this it would aopear that schemes
suen as IRA, PAIT, IRDIA etec. are not used exbtensively. (fevle 25).
It Tgble 26, D expenses are shown on a Committee basis.
Committee 16 ranks & of 20 in total researzch cxpenditure,
conguming 9.3% of the total industrial XD budget. A further

breokdown shows that the industriss listed under Commitiece 16
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coaduch 5.3% o1 the basic res=arci, 4.1% o the soolied
rocasrel and 6.3 of the developmental rescurch in Canala,
The 4e746 nililon speat by the Somrittee 16 industri s is
Jivided as follows: 9.3% basic rescarch; 34.73 apolied res-arci
a1i 56,05 developmental rescarch,.
University euostionnzires

Of the funds spent by universitiecs oa {83, 25,741 nillion,

rederal Goverament departmenbs contribute 0,820 millicn or




-

&

3.2% of the totel. This sum would include tie gronte ‘ron
the Canada Department of Agriculture and possibly some of the
funds granted by the Food Producis Zranch of tne Departwmeat of

Industry.

When the expenditure of R&D funds by the uaiversitics io

considered in terms of the C,I.C. Survey Committecs (Tabde 37,

Committee 16 is not a lesder. Its sub-toisl, 0.9027 mitlion
represents merely 3,6% of the totel universily TD expenditure
it ranks 9 out of the 20 commitiees. Iis "Operaiions and Minor
Equipment" figure equsls 4.2% of the sum of smounts in that
category (rank 8/20); its "Major Equipment" firure squsls 0.9%
of the total (rank 14/2@) and its research receives no supyort
in the form of "Major Installations®. "Operaticas and !inor
Equipment® funds comprise 96% of its :50.002 million.

In terms of investment of manpower (Tsble 38), the R0
covered by Committée 16 involves 5,74 of the acadenic nan-y v
(rank 7/20), 1.1% of the P,D.F. activity (renk 15/20), 3,7% of
the Graduate Students time (rank 9/20) and 6.55 of the tochnician
man-years {rank 5/20). Its sub-total of man~yenrs represents
Le3% of the totel and ranks 9 out of 20, Tho 176 niey-ars
assigned to Committee 16 ae diviied nn “oliowss: 33° acsdenie; 2,2
L4# sraduate students and 215 to technicinus,

An analysis of how the "Operaticns «oni Udnor seadousat?

w

funds (Table 37) were dictriovuted scoordin Lo ty .- o roscaren

W L

showed the following information, Tae o coverd oy Comodtico
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5.84 of the total staff, ranking 7 out ot 20.

«n 24 -

consumod 4e34% of the totel funds and renked O out 0 PO, e
$0.293 million used by the R&D was spent 27.4.5 on basic research,
55,65 on applied research and 17.C7% on develbpmental work. The
respective ranking wassbasic, 14/20; applied, 3/20; and
aevelopznental, 2/20 and the percent consum;tian‘.of funds in thean
categories was l.4%, 17.3%4 and 17.0%4,

When the character of the RAD was weignted according. to

academic staff (Table 40), the sub-totacl for Comnittee 16 wns

members were divided according to type of rescarch into 3

‘basic (rank 14/20); 54.1% applied (rsnk 2/20) and 12,07 develon- o

mentsl (rank 2/20). Basis research under Committee 16 absorbed

2,35 of the university staff conducting busic research, 21,9 of

~ that doing applied research and 21,65 of those doinyg developmental

work,

When total staff is ased to weight tho reseurch character
(Table 41), the sub-total for Committee 16 rankec 9 oul of 2C,
The sub-total was 4.4% of the total for all committees snl was
divided into 33.05 basic research (rank 15/2C); 54.85 spplied
rescarch (renk 2/20) and 12.2% developmenial researen (rank BARSCISS IR

The staffl time devoted to basic research wos 1.70 of wos total

el i

b

besic research manpower, that given to aoniisd r search, 17,0:
of that totsl and the developmentsl recearcs wasc 20,35 ¢l ihe
total developmental research manpower. |

in contrast to the industrisl Canada, the universities



forecast increased expenditure in all arcas (Table 43). Over
the next 5 years, university spending on "Uperations and Minor
Equipment" s}ill inerease 84.3%, on "Major Equipment”, 30.5)
and on "Major Installationa®, 91.3%. The overall university
expenditure on chemical and chemical engincering %:D will be
increased 72,9% over the next 5 years.

University manpbwer was examined in terms of I&D area sand
its distribution into academics, post-doctorate fellows, graduato
students and technicians., Committee 16, with g total o 117,90
manyears rankasd 8/2Q and sbsorbed 4.3% of the total menpower.
These 11.7,0 menyears were divided as follows: 28.8,.3 academic
(rank 8/20); 2.8% PDF (rank 16/20); 40.9% graduste students
(vrank 9/20) and 27.5% technicians (rank 3/20). In terms of the
totals for each class of employee, Comnittec 16 R&l accounted
for 6,35 of the scademics, 1.1% of the post-doctorste fellows,
3.4% of the graduate students anﬁ. 6.%% of the bachxiicians. ‘

The Committee would like to make the following commcats on the sources
of information aveilable to its
i the CASCC Survey was useful but food and chemisiry were not
well segregated by the coding.
il the DBS datas were prepared for the use of aconomisis sul not for
chemists.
il the CIC Survey dats were of uncven value:
{a) the university data were generaily usciul and revesled

Comnittee 16 information,



(v)

(e)

the industrisl information was of 1inited value ana
could not be broken down into Gomaittee 16 dats.

the breaskdown of govérﬁment- inSormation was ~xcellent
but personsl knowledge of the situation caused severe

doubts to be raised regarding the accuracy of the coding,.
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16.4 Respondents' views on neglected ereas of R&D

Only two unsolicited letters were received by Committee 16; both
were writﬁen by directors of Canada Departmcnt of Agriculture resesrch
estaplishments. One came from Western Cansda and bore the following
pertinent psragrephs.

"Pesﬁicides ple& an importent role in the Canadian agriculture
industry and are widely used for control of imsects, disesses snd weeds.
Safe, economic, and judicial use of these materisls can be aschieved by
proper understending of the chemistry of thése compounds, with partic-
ular emphasis on’persis'benee, me tabolism, stmcture—activit.y correlation,
photodegfadation, etc. Research in this fleld ;is done meinly in the
government lsboratories end industiries by chemists whose acedemic
training and experience was in orgenic and natural products chemictry.
Universities bave done very little in teaching pesticide chemistry to
thelr undergraduates and graduates.

thgriculture still plays a large role in the economic welfare of
Canada end it is time that the chemistry departments in the Canadian
universities become more interested in agricultural chemistry.™
The other letter, from Ottawa, is reproduced in toto.

ny sjhould like to express on my own behalf and on behalf of the
members of the staff of this Institute en opinion wialch is widely held
and which I would formelly wish to meke known to the Science Secretsriet.,

"The Cenedisn reseasrch effort would be greatly aided and 1ts
efficiency greatly incressed if a large number o lost-doctorate fellow-

ships were made available to aceredited laboratoriss. In terms of the
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overall support of researcﬁ, this is the cheepest way ol increasing
the professional competence of key aress of research without increasing
the size of establishments, it ensures the influx of "fresh blcod" at
all times and makes our scientists feel less isolated in their own
areas of specialization,

“Such fellowships should be paid out of & specisl fund (quite apart
from salary accounts) portions of which should be made aveilable to

 Directors of establishments for use as they see fit in creating the kind

of flexibility in research support which good research requires but which
is not~n§w available in a government laboratory.

ny Sm convinced that sush a plen, 1f it were to be adopted by the
Government, would bs a substantial stimulus to better research.”

The cheirman of Committee 16 sent lstters to the department heads at
universities and institutes of technology at which egricultursl or food
chemistry or food science is taught. These letters asked specific
questions and replies were received to each letter. |

To the question, "Shouid the natursl products chemistry of the
carbohydretes, lipids, proteins, phanolics,»pigments etec. in primary or
processed foods be retained in food chemistry or does it belong more
properly to organic chemistry with one exception sll replies were
strongly in favor of food chemistry being the proper home of auch
natural products chemistry. Some of the ressons given wers:

&. food chemistry is &s much an.entity as petroieum chemistry.
be the natural products ia food belong to biolcgiszsl chemistry rather

than organic chemistry end food science hes a biocchemical basis.
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c. organic chemistry no longer covers carbohydrstes, lipids, etc.
systematically whereas & good food chemistry course does.
The reply taking exceptioﬁ to this stend pointed out that while £hese
compounds mist be treated well in food chemistry cdurses, there are non-
food‘usgs for cerbohydrates, etc. and these must be covered in other
eourses 'and thus have their places outside the world of food,

All respondents but one felt that the term "sgricultural chemistry"
had outlived its usefulness because now too many topics were covered by
agriculture and special labels were required for the special parts.

The exception to this stand wes based mainly on the fact that the term
"Agricultural Chemistry" is the best description of tha efforts of s
researcher studying the chemistry of an agricultural problem.

The technologies of food, feed, pesticides and fertilizers all
contain non-chemical components, All correspondents, however, felt that
the engineering aspécts of these techmologies were strong enourh to
warranf their inclusion in the C.I.C, Survey. '

Most respondents felt that for the immedleste future, industry would
not do research and that what professional help it would hire woulé be
at the B.Sec. level for quality control, A brosd training in food
technology at the university or technology institute level was therefore
considered the best background for this work. One respcndent warned
that the capacity of industry to aebsorb grsduates was sharply limited
and taat food science and technology educstionsi fscilities should not
be multipliec sndlessly.

Another populasr view wes that genuine research leborstories reguire
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speciaslists in disciplines other then food technoloyy; physicists,
chemists, biochemists, mutritionists. No alear indication was given,
however, as‘to when these specialists should encounter food science
training. Most respondente deplored the smsll number of undergraduate
studentszworking toward degrees in food science. The smsll proportion
of CanediaﬁsAamong the fooé science post-graduate students was also
noted.
|
The state of food sclence and agricultural chemistry end chemical
engineering education in Canada
a. Universities
The accompanying iable lists the Canadian Universities which
provide higher education in the specific areas of agriculture and
food. The feculties of agriculture are in genersl production- |
oriented and organized into individusl departments slong traditionai
lines, i.e., animal and crop scisnce, horticulture, plant pétbology,
etc. In this environment, chemistry is taught and used primarily
as a tool towards asn understanding of blological phenomena. Only
two faculties of agriculture have departments concerned with
chemistry, i.e., Saskstchewan with a Department of Chemistry and
Chemical Engineering andeacdonald College with a Department of
Agricultural Chemistry.
Undergraduate courses in basic chemistry sre usuaslly obteined
outside the faculty of agriculture. This aepproasch hss ite merits

provided that the importance of chemistry to sgricultural education
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is recognized. It.would appear that chemistry snd sther basic
sciences do not receive the emphasis they deserve within feculties
of sgriculture. |

The establishment of separate fcod science or technology depart-
mentséin Cenedian universities is a recent developmeant. Thé firat
department was formed at Laval in 1962. Alberte, Manitobsa, and
Guelph (1968 or 1969) have followed. Ths University of British
Columbia does not have a separate department but granﬁs a degree in
food science within the faculty of Agriculture. Food science or
technology education progremmes could be of immecse benefit to the
Canadian food industry. It is the one educational programme that
puts the interdisciplinary nature of fcod science in perspective,
i.e., chemistry, microbiclogy, biochemistry and enginsering concepts.
Chemistry is important to Food Science and is taught accordingly in
the existing Food Science Departments. Development of food acience
snd technology education should be encouraged to meet the need of
the Canadian food industry. Educetion of the Canadien food industry
to appreciaste its weekness in the ares of quality control and
developmental and applied research should alsc be encouraged.

Dr. D.P. Ormrod's study of education in Food Scisnce and Technol-
ogy sponsored by the Canddian Institute of Fool Technology and the
Department of Industry indicstes that:

(a) Chemistry Departments have little or no intercst in food-
orisnted chemicel ressarch or courses.
(b) Most Chemistry Facully members believe that their greduates dc

not require food chemistry orientetion.
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(¢) Fuculty members had no contact with the food industry and
‘uere not aware that fundamentsl probiems exist.

In view of current and future world populstion pressures and the
wide-aspread occurrence of hunger in the world to—lay, this appareat
leck of interest in chemicel research or educaiion oriented towards
food and egriculture places chemistryndepartmants in an untenable
position.
Agriculturel Schools

The diploma courses given in various agricultufe faculties and
at the Agricultural and Vocational Schools across Canada serve a
ugeful purpose. They provide education at the post-secondary
school ieval for students interested in agribusiness, farm operation,
technicien training, food processing, agricultursel mechanics, etc.
In theory, gradustes from these schools release professionals from
routine tasks end thus increase the latter's productivity. A recent
survey by the Agricultural Institute of Canada Review (Vol. 23, No. 1)
indicates that in these schools there is & trend to stress agribusiness
and management subjecte at the expense of regular scademic subjects.
The demand for agricultarsl tecbniclsns is strong and post-secondary
school education in this area should be sxpanded.
Institutes ofvTechnology

Post-gecondary school education at the iechnician or technologist
level 1s & relatively new developmsnt in Csnads. Institutes of
Tachnology in British Columbia, Alberts, Quebec, and Untaric have

excellent propgrammes oriented towsrds the agriculture and focd sector.
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Ontario has no programme in food technoclogy aithough tais is
under‘considaration by St. Claire College in Windsor. The need for
trained technicians within the agriculture and food industries is
not peculiar to these industries. It is probably more severe,
bowever, in that the agriculture and food scctor consists of many
small operations which lack the "on the job" irzining resources of
the chemicsl industry.

Closer lisison between universities and institutes of technology
offering courses in food science and tecanology might be profitable.

'd. High Schools

In the United States, private Industry and tie Institute of Food
Technology are offering high school graduates with good sciholastic
standing uniwgrsity entrance scholarships to help them proceed
toward a degres in food science. These scholarships range in value
from $350 to $1000. No equivalent Canadisn effort to interest high

school students in undergreduaté food science education exists.

16.6 The Ability of Industrial, University and Government Laboratories in

Canada to Employ Additional Research Funds and Manpower Hffectively
Ty,

=

s. WNon=food Aspects of Agriculture N
As indicated earlier, in Section 16,3 (a)i-vii, Committec 16
is confining its attention to fertilizers, pesticides, soils,
aningl feeds, tobacco, forage crops and grasses end plaat growth
regulators. A further restriction is thast only chemical or chemical

engineering R&D 1s to be comsidered. Within taese limitations,
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induétry, university and government actiﬁity changes will be forecast.

Chemical R&D on fertilizers and enimal feeds is essentially
confined to industry with only analytical studiss conducted by‘
university or government lsboratories. New methaods for converting
N, P and K into suiltable form will undoubtedly be studied with
elementary sulphur also receiving attention. It is doubtful that
much of the basaice research will be conducted in Canada; ﬁne bulix
will be done in the central laboratories of the parent compsaniss.
Canadian firms will conduct developmental research to test the
properties of possible new ingredients. The Canadian fertilizer
industry should be able to employ effectively additional manpower
and funds approaching a 50% incresse over present expenditures.

The converse obtains with pesticides, soils, forége crops and
grasses and plant growth regulators in that university snd goverament
laboratories conduct the bulk of the chemical R&D in these areas.
Undoubtedly, each laboratory engaged in research in these arcas could
employ additional staff and funds gainfully. The existing resesrch
talent is of high calibres and new staff and facilities could be
exploited readily. Whether additional staff and funds reach these
laboratoriss depends, therefore, on whether the strataglce planning
boards responsible for these lasboratories déciie to ellot additional

man-power and money to these areas. The requests are defensible,

Food Aspects of Agriculture
Uniesss & iarge number of :the smaller food procsssing companies

pass out of existence, over the next few years, the structure of the



industry wiil continue to be that of a multituie of small pliunts

- producing & small (20%) proportion of the processed food with a
minority of large piants prOduciné the bulk of the food. At present,
ﬁany plants do not even practice quality conircl end, where Q.C. is
done, meny plants do not employ professional personnel. Aé a result,
most;(90%) of the research conducted by the Canadisn food industry is
concentrated in a few laboratories. Canada Packers Ltd., J§hn Labbatt
Limited, Lever Brothers Ltd., Cansdian Canners Ltd., Griffith
Laboratories, S and L Seasoning are some of the food companies
conducting ressarch. Of these, Canada Packers is outstanding.

Many of the large food companies in Csnada are subsidiariesgof
fdreignnowned firms. The current trend towasrd centralizstion of R&D
facilities in one of the laboratories of an international corporation
has had the effect of reducing the laboratory work in Canadisn food
plants to the level of Qualiﬁy Control. For example, Kraft Foods an&
Proctor and Gemble invest heavily in Quality Control but can report
truthfully taat they conduct no research in Canada. Moreover,
developmental research by Canadisn food companies is.often a "one-
shbt" venture, @.g., "What Cansdian flour can be used in s cake mix
developad elsewhere?”. Once & problem of this type ia solved, no
fﬁrther R&D on cake mixes is required.

For the sbove reasons, tne Comnittee feels thst it is uniikely
that the Canadian food indusiry, as presently structured, wiil bte
able to employ profitsbly any marked addition to_its scilentific staff

or resesrch funds. BEven if funds for capital expenditurss, operationsi
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costs and salaries became avallable, few food companies could take
sdvantage of the situation because the present ﬁanagément of most
food companiss is not research-oriented. Product improvement or
product development R&D would be superficially attractive but it is
considered that unless funde to cover marketing costs were slso made
availeble, few food companisa could afford to use the fruits of their
subsidized R&D, Another limiting factor is a marked shortsge of
food technologists at the bachelor degree level,

A1l Cenadian food science dspartments sre developing, with that
at Laval University the most advanoéd.}'Most departments employ a
| 4~ or 5-man professional staff which, because of the small number of
undergraduate and postgraduate studenis, has only a moderate teaczing
load. The staff members are thus free to conduct research themselves
and to direct postgraduate students or post-doctorate fellows. Most
departmenis are ressonably well equipped for food science training
at the undergraduate level in unit operations, Most of the curreat
post—graduaﬁe regearch, however, appears to be on properties of food
or on studies of the reactions that oecur in food during processing.
Adequate chemical and biochsmical equipment appears to be availsble
for this research. However, food engineering - tne study of tha bssics
of unit processes - is an almost neglected resesrch area in Csnada,
This could be due to lack of fuads to purchase pilot-plant scale
equipment for post-graduaste research.

The Committee feels that where physical facilities and university

policy permit, most food science depsrtments could émploy additionnl



staff membsrs and research funds effectively.

In most provinces, with possibly only Quebec snd Ontario as
exceptions, tha place of food in agriculture has yet to be established.
Uatil that is done, food research will not receive full attention from
the strategic planners ol research activity. Conssguently, in
prov%incial government laboratories, food rusearch tends to be product
or clrop oriented, A&s a result, food chemicsl studies per se are
uncommon and food processing R&D 1is devoted to developing products
from specific crops. This orientation sesms appropriate and the
Comnittee anticipateé no major change in emphasis. Incressed activity
at the provincial level could be effective but it should be coordin-
ated with food research at proviacial, or privats, universities in
each province., In this way more effective use could be mede of the

manpower and funds.
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don-agricultural fool aspects

For this discussion, non-agricultural foods are either foods
from genuinely non-agricultursl sources such as the sea, the forest
or the fermentation vat or else foods of sufficient novelty that
- although they sre prepared from material of agricultural origin, they
have not as yet been accepted by agriculturaiists. For exsmplz,
margarine and shortenings are generally accepted as foocs of
agriculturel origin whereas "filled" and syathetic milks are
considered non-agricultural,

The Federal Department of Indien Affairs and Northera Develop-
ment (then Northern Affairs apd National Resources), aided by the
Food Research Institute, hss been concerned with the processing of
fish and marine animals and their edible organs into food for both
the Indian and Eskimo population and for sale as gourmet items furtier
south. This has involved food technology only and no basic studies.
About three years sgo, the Fisheries Resesrch Board intensified its
development of Canedafs inland fishing poientisl., Its present
Winnipeg laboratory works in close cooperation with the University of
Manitoba. This work, like that of the Department of Indian Affairs
ani Northern Development is still i; its infancy. It would appear
likely that additional effort would bs a pool invesiment provided mnrkes
regearch indicated good sales potentliel and experisnced food scisntistc
were employed on the projects. |

Eleven yeuars ago, the Fisheries Hesezrcia Board in Helifax
developed "rish proteia conceatrate" aad receatly has further
improved the process which is now the besis ol most current compet-

itive processes. & bland, defatted, nizh orotzin powler caa now
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prepared from either scrap fish (defilleted) or waole fish. This
R&D has involved chemistry and chemical engineering and is
continuing. Until 1967, other countries evinced more interest in the
product than did Caneds and pilot plants have been dbuilt elsevhere

1o exploit this development which could play sn importsar role in
world feeding. Private industry end the Food Research Institute of
the Caneadse Deparfpmant of Agriculture are studying verious aspects

of the .utilizativ‘on of fish protein concentrate in foods. More work
of this nsture, research on the functional properties of proteins,
could be done provided experienced food scientists are employed.

The Fisheries Department and the Fisheries Research Board are
concerned with preserving the quality of fish from the time it is
caught until it is eaten. Ths use ofl antibiotics was advocated
several years ago but now exposure to gsmma radistion appears to be
an attractive means of extending shelf-life. The technology of

and the biochemistry of post-mortem changes are :
fish hendling 4 receiving considerable attention from these two
asteblishments.

The Food Research Institute also developed a product line of
instant potatosprotein products of which fishipoteto was one of the
items, further indicating the nesd for food research on fish,

Fish mesal continue.s to be & veluable animal feed component,
The bulk of the R&D effort to prepare improved fish meals were
conducted by the Vancouver Lesboratory of the isheriecs Resesrch
Board of Cenads in what is probably the only goverament pilot plant

in Canada, Utilization of fish meal in feeds is studied in departments
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of nutrition in faculties cf agriculture and »y the major feed
menufacturing companies. This work can best be described as part
of an overall program of investigation to extend the application
of linesr programming to the preparation of nutritious feeds from
the widest possible variety of sources.

Tgll oil" obteined from the effluent from sulphite pulp mills
furnishes a verlety of products of which fatty acids are of major
interest. The technology of preparing feed- or food~grade "tall oil®
fatty acids and of forming triglyceridea from them through e sterif-
ication with glycerol has been worked out. Economic considerations
govern their use. This R&D has been conducted primarily by private
industry, e.g., Canada Packers Limited, Toronto. This synthesis ¢l
glyceride oils from tall oil acide is the one Canadian example of
the chemicsl synthesi§ of feod, The applicastion of this type of R&D
depends so heevily on economic factors that care must be exercised
in advocating further work of this type.

Pétroleum_can gerve in two ways as & source ¢ materigl for
feed or foode The petrochemical industry can produce by chemical
synthegis mono- end polyhydric sleohols, fatty acids, emino scids
snd a great varlety of feed and food additives. ParafTinic hydro-
carbons can elso serve as substrate for certsis microorganisms.

They serve &s energy sources for these microcrganisms which have the
faculty of converting non-protein nitrogen into protein., Private
industry has led in this R&D bul very litvtle work of this nature is

done in Canada. Because Csnsdian erude oils coatsain only a smsll



portion of par;ffinic hydrocarbons, & preliminary Tractionation,
possibly by urea adduct formation, would be required if Canadisn
crudes were to be used. |

Fermentations are algo used to preserve food snd to add to its
aesthetic sppeal, However, aside from the preparation of conventionsl
pickles, esaentially‘no R&D of this nature is attempted in Canada.

Algse and other lower plants can be grown in quantity and
probebly in & high density of slgae per litre. Algel protein is of
reasonable quality but the eccompanying carbohydrate cannot be
digested by man. Therefore, algse provide feed or, on extraction
of the protein, an amorphous protein concentrate. Essentially no
R&D is invested in Canada for food or feed purposes.

The degredation of cellulose to glucose, the conversion of non-
protein nitrogen to protein by microorganismé and the growing of algae
for food uses are all areas that have received insignificant attention
in Canada where biologicel engineering is in its‘infahqy. The
University of Western Ontario, Waterloo University, Jotm Labati
Limited, the Prairie Regional Laboratory and, to a lesser extent,
the Division of Blosciences of the National Research Council have
conducted biclogicel engineering with asgriciltursl or food overtonos,
This R&D is very expensive but the capscity for expsanded effort
exists in Csnsda.

9Filled” milk (skim milk to which non-dairy fats ere added to
bring the fat content up to 2% or 3.5% fet) and syathetic milk (milk

made from non-milk suger, fat and protein) are two non-sgriciltural



foods, M"Filled" milk and synthetic milk were developed outside
Canads end the only Canadisn R&D that might need be done is that to
determine whether a Cenadian ingredient might be substituted for one
of the standard ingredients. This R&D wouid probably be done by
industry.

Tissue culture can be used to produce mushroons and primitive
toarts®™ of carrot, tomato and other vegetsbles or fruits. These non-
agricultural foods are deweloped by bilological processes, however, and
chemical R&D plays a very minor role in their production, Moreover,
no tissue culture for food purposes is conducted in Caneads,

In summary, foods of marine origin are being studied by Federal
Government lsborastories and also by provinciael laboratories in
Newfoundlend, the Maritime Provinces, Quebec, Manitoba end British
Columbis. The fishing industry itself supplies little chemical‘or
chemical engineering R&D. University research is mainly nutritional.

These lsboratoriess are staffed with capable researchers and are
adequately equipped. The Commititee feels that if additional manpower
and funds were made avaellable they would be used capsebly.

The conversion of petroleum or tall oil fatty ascids into food
or food sdditives 1s to be covered by Committecs 04, 05, 06 and 17
and the arces of alysl culture, tissue culture and microbisl processes
belong to Commitiee 17. Moreover, the chemical component of the RiD
in these sreas is smalli. Mach of the RED has already been done snd
the Canadian contribution is not likely to be more than that reguired

to domesticste an lmported teclmology. Whether Canada shoulé do more
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then this will be presenfed in the final sectlon of this Report.
The potentisl to perform the required R&D probably exists at this
time. |
d. Engineering aspects

No informetion is available on the extent or sdequscy of present
engineering R&D in the arees of feeds; fertiilizers, pesticides or
tobacco. However, the four pllot plants that the Canadas Department
of Industry is establishing will be available for contract research
and these industries will no doubt make use of them as the need
arises. Similerly, food processing pilot plant studies, in sddition
to those mentioned above in {c¢), could presumably bé conducted in
these Department of Industry sponsored pilot plants.

Except in industry, pilot plants for food engineering'studies
do not exist. Except for the fish meel pllot plant in Vancouver,
no Federsl or Provincisl Government laboratory contsins a pilot plent.
The one university that employs a food engineer has no pilot plant
for him end the one university that could be ssid to hsve s pilot
plant has no engineer. Major food companies have well equipped pilot
plants but these are used almost exclusively for product development
work, There is a genuine lack of true food engineering research in |
Canada.

Most of the very large food processing plents in Caneda nave
pilot plants for product developmentiwork, Some experimentsl flour
milling is conducted and the Ivey-Palyi associstion in Toronto has

developed an interesting process for milling a high-protein,



"gleurone" flour. Also on a small scale is the experimentasl work
of Canadien Freeze-Dried Foods Limited. The major vegetable oil
refineries have developed refining, bleaching, deodorizing and
hydrogenation techniques but Canada lacks an oilseed crushing pilot
. plant. 4s & result, Canadign oilseed crushing techniques are
basically untried esdaptations of techniques deveioped in the U.S.A.
The mobile food irradiator of the Commercisl Products Division of
Atomic BEnergy of Canads Limited is, perhsps, the sole example of &
Canadian "first", |

The Food Technology Section of the Cenada Depertment of
Agriculture Research Station at Summerland, British Columbis has
developed excellent rapport with the fruit and vegetable processing
industry in the Okanagan Velley. Several leboratory-scale processes
have appealed sufficiently to local industry that the industry
itself has underteken the up-scaling of the process. Often the
resulting plant is no larger than the piiot plant of a major food
processor but, in this way, the transition from laboratory-scale to
pllot-plant scale operations is effected.

Because of the cost of pilot plants and their operation, it is
difficult to assess how much edditional pilot.plant scale R&D could
be done by Canadisn industry with greater assistence. lany of the
firms aere only pilot plent scale themselves and thus could not
assume the responsibility of a pilot pleat. With others, the profit
margin is so slim that Quality Control is sll thet can bé expected

of them. A% present, there is an eictreme shortage of food engineers



in Cenadae. Thus, although most Food Science Departments at
Canadian universities would like to conduct resesrch in food
engineering, staff is lacking for this =xpansion.

The current lack of & food research pilot plant in any provia-
clal or federal government laboratory precludes activity ia this
area. The need to up-scale new processes, to praduce quantities
of & new food for industrial or consumer testiag, the need to
prepare quantities of a new basic food ingredient so that its
functional propefties can be tested ere all réasons for the

establishment of a central food research pilot plant,

16,7 Recommendations
a, Areas in need of attention

The complexity of modern agricultural rcsearch is suéh that
the multidisciplinary approach to the solution of problems is not
only highly desireble but essential end, it is to be hoped,
inevitable., The "evolution" of soil chemistry from a branch of
agricultural chemistry to pedochemistry, a branch of geochemistry,
carries with it the possibility of soil being diverced from agric-
ulture and being regarded as a substrate for thermodynamic research
ratiler then o source of nutriﬂion for plents, Whether dun to its
youﬁh or to other ressons, pesticide chemlstry still anpe«rs to or’
closely wedded to agriculture. However, certain biolosmical asvecths
of pesticide research appear to have been neclected; Tor oxamble,

studies of cytology and senetics in relation to herbicide action,
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The Committce feels that pesticide research must zo far beyond
develbpmént of methads of analysis énd field testing, The mechanisns
of pesticide action at all levels: the soil, the water, the plant,
the pest, and the higher animal that ingents it. Hiraly intesrsted,
chemical, biochemical and biological resezrex in deuth is required.

then soils or pesticide chemistry is being considered in the
light of knowledge on hand, the extent of curreat reseurch, the aeed
for expanded research effort, agd the need for undergraduct: and
postgraduste trainigg in universities, two aspects aust be kept in
mind: the domestic needs of Canada and the rolec that Canada will
probably be called on to play in supplying teachers, extension
specialists ond researchers to underdeveloved countries. or this
reason, aad to this end, the Committee feels that the Science
Council would do well to establish contact with the Externel Aid
Office (Canasdian Internationsal Development Agency) of the Jepartmont
of' Fxternal Affairs.

With the exception of milk from a lactating femele, all food
that humans consume is processed to a minor or major degree. The
furmer has, therefore, become a supplier of raw materials to ithe
foos indﬁstry and his position now rescmbles chat of the iron ore
miner in the steel industry. Moreover, the farmer himself has now
becoms a consumer of "store=bought", processed food,

Because of its mid positiom, tne results ol food researc: hove
input into %the food processing industry as well as feed-bach to the

asricultucal researcher, The term "Total Agricultur " has been
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ueed to describe the concern for food from the seei (aninqal or
vegetable), through growth (nutrition and protection), harvesiing
processing aad consumption by the purchaser. Hultldisciplinury
resesrceh 13 needed; not merely because ol the comploxit: of Tood
rocsearch roblems but, because so much bilolo:y is iavolved. Iavorin:
biclezy when food is either dea& or senesclas materisl may appear
stranzc but each food itém is derived from living matter ani the
resulis of food research bear on numerous agricultural pnrobloms.
With the notable exception of wheat, and more recently rape,
Canadian agriculture has been production-oriented ani concerasd with

(24

form production only up to the farm gete. This restriction in
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thought hues permeated the whole of agriculture: cconom:cs,
prodﬁction, marketing and resesrch. agriculturel policy, as =
result, has been designed primarily ic influence production, Féod
has been congidered as a by-product of agricultuwre and until
recently concern for it has been limited to inspectlion aad grading.
Plant and animal breeding has been conducted with the ultimate
congumer in mind but fréquently the criteris used have not besn
based on the results of foo& research in combination with market
research. _

Contemporary food research can be said to Se concerned wité:

a., maintaining or improving the asesthetic and nutritive velue of f=od;
b. reducing food wastage through improved preservetion aad storage;

¢e 1increasing the efficiency of processing operations;

d. developing new foods, new processes and new primsry foods.

This resesrch is done in the full realization that until food is

eaten it provides no nutrition and that, exespt in emergency,
ﬁnattractiva food will not be eaten. Furthermcre, nutritiunal
problems - overnutrition, undernutrition and malautrition - are

common to all countries. Thus, food resesrch is concerned with the
quentitative and the qualitative aspects of hum:a nutrition.

Food research ie multidisciplinary by nsture. Nutural products
chemists investigate the color, flavor, arome of foods and metnbol-
ically active substances end their products, OGlosely aliicd is the
role of the specialist. The structursi curbohydrate chemlist, the

protein chemist and the lipid chemist work &+ oither the deseriptive



‘or the speculative level to determine the nature snd functions of
chemical compounds in relation to food quality. Texture and other
sesthetic properiies are measured instruientally by engineers,
physicists or physical chémists. In some cases, subjective assoss-
Ament by taste-panels; soundly based on modern stetisiicel enalycis,
is more sensitive snd more precise than objectiive maasurement,

Food processing research is concerned with the inveation of new foods
and new processes, the improvement of the efficiency of existing proc-
esses or unit processes and with the development of new sources of
food. To determine wﬂether & new seed or grasin or enimal tissue

cen gerve as a new source of food for humans re@uires that the food
processor be fully supported by specilalists. Teum research is basic
to food research end this team should include & market analyét.

The biochemist and the microbiclogist are slso important membe:s
of the food research team. Primary food is either dormant, senescing
or dead and processing must include sffective verminstion or close
control of enzyme setivity. Thus, often, the only life associeted
with g food is that supplied by the microorganisms that asccompany it.
Nevertheless, biochemistry is basic to food research in that knowledge
of the mechsnisma of senescence and paths by wiiich micrsoorganisms
produce flavor, aroma and textural changes is essvntial to an
understanding of food quality. The ecrly, end readily justified,
concern with food senitation, has been supplemented by research on

ecology,
thegenetics, seroiogy and phyaiology of microorganises.,

Humen nutrition is a complex function of the socisl, sconomlic,
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religious, and political status of a country and depends markédly on
the rate of population growth, on the general health of the population
and on how far the country has evolved from subsistence agriculture.i
Nevertheless, the quantity and quality of food available to the people
is the vital factor, If either is inadequate, nutrition is inadequate.
Therefore, control of' food wastage through proper storage and process-
ing is an important factor in the nutritional status of a country. The
impact of precessing on the nutritive value of food is a vital consider-
ation which 1is just starting to receive the attentién that i£ deserves.
Health aspects of mutrition are, very properly, the concern of the medi-
.cal profession, a national department of health or the World Health
Organization of the United Nations. All other aspects of nutrition are
equaliy appropriate to food and agriculture, nationally or internation-
ally as in the Food and Agriculture Organization of the United Nations.
The exploitation of new food sources alse involves the mutritionist
and food processor as a team. The nutritive value of the new food source
must be determined as each step in the process is estabiished by adjﬁst—
ments in process variables to méet nutritional requirements. Then,
as the functional properties of the food are determined, additional
nutritional and processing research is required. Because processing
can:increase as well as decrease the nutritive value of food, combined
food processing-nutritional research is an area of major importance.
Tnis importance, moreover, will increase with time as urbanization and
the changing role of farmers as consumers result in the consumption of
increased amounts of processed food, The Committee is of tre opinion

that cliear distinctions be drawn between the food production research
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of traditional agriculture and the food research couducte:d to conversy
agricultural produce into processed food. Tho volums of food prod-
uction resesrch is large, that of food research is small.

Product development research is an ares best served by industry
where the required close lieison with marketing experts is available.
Where an industry cannot conduct its own product development R&D, it
can hire consultants or request help from s government leboratory.
Often, it is a trade association, rather than an individual company,
that seeks help. To dete, these requestes for assistance from iadustry
have not been numerous and government laboratories have engaged in
product development work mainly to satisfy the individual researcher's
curiosity. The up-scaling of the laboratory product development work
has.generally been left to industry to accomplish,

The role of the central (government) food research pilot plan£ is
thus not to compete with industry in product developmsnt. Instead, it
is to permit laboratory-scele experiments to be repeated on s suffic-
iently large scale to attract the serious attention of industry., New
basic foods or new food processes sre developed on a laboratory scale.
There is then the need to produce the new food in quentity for large-~
scale testing of its functional properties, its consumer acceptance sad
its usefulness to industry as an ingredient. Canalian {ood resesarch is
seriously handicapped by the lack of such a facility.

Another area that could be strengthened in Canada is R&D to asriat
the inspection and greding of fonds and the reguiation cfifoa; quality.

-~

Food grading standards must be kept up to date to tgke advantue of
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chpages in primary foods brought shout by plant en. aniiwd brecting
resesrch and of developments in nutritioral knowiedge and snalytiesl
skills as well as changes in consumer needs. To a large extent,
this research to put Quslity Control on s sound basis will be covered
by Committee Ol but the members of Committee 16 felt taut they caoulc
direct attention to the need for additional rescarcu effort in thic
area. |
Type and amount of support end sites of additional [R&D activity
In making its recommendations, the Committee haos before it the

following considerations:
i The chemical component of agricultural and [ood reséarch Loes

not, nor is likely to, exceed 20% of the total effort as

measured in man-years.
ii Agricultursl and food research is by neture multidisciplinary,
iii Any recommended increase in chemical research must be

accompanied by a corresponding increase in bicloglsts to

apply the new knowledge.
iv This required incresse in biological man—years of research

could come from the redirection of the research effort of

existing blologists.
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v Because of the success of non-agriculturai sources of

textiles, leather and protective costings in replscing
traditionsl meterials and the uncertainty regarding the

impact of non-agricultursl food on world rood suppiies, the
role of'agriculture eppears to be that of suoplying Tood to the
world,

vi The principal eriterion for evaluating the aldecuacy of curreat
and future agricultural snd food research is whether the
research is qualitatively and quantitatively adequate for help-
ing Censda feed itself and fulfil its obligetions to world:
feeding.

vii The complexity of agriéultural problems and the frequent
requirement of several crop years or gencrations for the
testing of an hypothesis indicates the need for strons
research centres which can supply continuiby of resszarch
staff and & variehyvaf disciplines under cne strategic command.

viii The terms of reference of Committee 16 preoclude its considersa—
tion of research in which chemistry is uscd as s tool in
the solution of biclogical problems.

The chemical component of research on bovacco is cuccently
cnfined to the curing processes and the products ol the combusiion of
tobseco., In both cases, with the exception ol flavor and sroma chemistiy,
the basic problems are priacipally biological. The Commnittec fonls that
privats industry is the natural site for eny increasse in tobiceo

rescarch end that existing means for obbaining goveramont suoporis for

a
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industirisl regearch should continue to be sdequa'e L0 mesl dennads.

Chemical research on fertllizers is priacivelly in the area or
fertilizer technology. The Committee feels that here ayain private
industry is the proper site for R&D on fertilizer technology and
that existing means for obteiaing financisl suppovt fof tae rescarca
are satisfactory. |

An analysis of soil research reveals the following:

(a) soil fertility classification and genesis employ chemistry
as & tool in solving biologlcal problems snd ss such sre not
for the conaideration of Committee 16.
(b) eoil minerclogy is covered by Committees Ol and G2.
(¢} scil organic matter is ths concern of Commitvtee 04.
(d) soil microbiclogy is dealt with by Committes 17.
(e) research on the reactions in soil is covared by Committees
1l and 19.
As @ result, Committee 16 would like to repest its warning on the
dangers of divorciﬁg soil from agriculture. As in many divorce
cases, both partiss are at fault and traditional agriculiure must
assume s large portion of the bleme for the lezk of communication
that prsceeded the separstlon.

Treditionally, soil science embraced three ncgicszz classific-
ation, genesis and fertilivy. ‘Reaeerch arlort was therafore
categorized sccordingly and this led ia several instances to & loss
of vigor. Thus, the exclting research becawms susocisled withy other

disciplines and departments, lesvimg the more pedesstrisn aspects of
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s80ll research to "agriculture',

Committee 16, while recognizing the limited concern that it
has for soil research through its terme «f refereice, nevertheleas
would like to point out the obvious that soil is basic to agriculture,
1t would slso like to call attention to'the fact that soil problems
that have been solved in Csnada are current problems'in less highly
developed countries, Thus, if Csnada is to lend technical assistance
to these éountries the supply and sbility of its soil sclentists must
be maintained.

Pesticides cover such a wide rasnge of compounds snd resctions
that & simple statemsnt casnnot deal adequately with the problem., In
terms of technclogy, the aitustion is similar to that of fertilizc.s.
There is, in addition, a laboratory R&D requirewent and a strong
role for non-regulatory government lesboratories. The Comuitiee 1is
of the opinion that sdditionsl basic pesticide research on the
mechanisms of interaction of pesticides with the soll snd with
orgenisms is required. Where indicated, this reseccrch sﬁOu;d be at
the esllular or molecular lewvel,

' The Committee feels that this RE&D getivity should be centred in

a specialized government laboratory for the followin. reassoas:

() The pesticide industry in Canada consiste malaly of tiwe cauacilan
subsidiaries of foreign-owned firms. Tre ..a) activity is thus

concentraeted in ceatral laboratoriss ouiside Csuads. Morecover, thw

4D is mainly developmental.

(b) The required basic R&D actiwvity invoives soveresi discipiines



- 55 w

and the efforts of the various conbtributors must be coordinatad

to the fullest extent of sound research menagement pructies. Moreovor,
many of the problems ere too difficult for post-zraduate students to
tackle successfully. Thus, unless s university werc prepara’ to
eataolish & multidisciplizary researchvdepartmant etuivaisnt to a
top-quality, non-regulatory, government laborato.ry, aniversity chemist.
or biclogy departments cannot provide the prover sitc for this R&D,

The Committee also recognizes the need for sdditional researchers
in the fisld of basic research on pesticides. It therefore recommends
that the possibilities be explored of incressing the use of post-
doctorute fellows in this area; A corps of spocialists is avallable
in Canada to offer guidance to the fellows.

Food that reaches the comsumer has been:

(a) produced by sgriculturel or non-agricultural effort iavolving
fertilizers or other nutritients and pesticides or other

control chemicals.

(b) processsd, involving equipment, chemicals, sdditives
(c) inspected and graded )

(d) packaged

(e) stored

(f} sold at the wholesale and retail levels.

Step (&) has been covered earlier in tiis zection under non-foud
agricultural research. Step (b) iavolves inductiry snd governm:nt.
The equipment, chemicels and additives used in foods, vxecept for the

minor amounts supplied by Canadisn firms, sre sll imported. Henee,
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he need for industriel chemicel or chemicai engzisecring Ré ia
this aerea is slight. The Canadian or Canaﬁian—base@ fspice houses®
should receive support for the regearch that they would like to
undertake, however.

Government resesrch on chemicsis and sdditives 1o pencreily
conducted in relation to devising standards for {ood composition
or grading. Thus, governments sre concerned simulbanéously with
steps (b) and (c). Within the past few years, and following the
"Thglidemide incident", the laboratories of the Food and Drug
Directorate of the Depsrtment of National Healih and Yelfare have
received msssive support., The Committee feels tha%, for the time
being, s period of consolidation should preceed any further expan-
sion of the laboratory fecilities of the Directorate.

In marked contrast to the support given to its inapeciors amnd
enforcement personnel by the laboratories of the Food end Druy Dir-
ectorate is the modest effort made by the Production and Marketing
Branch of the Canada Department of Agricalture. Its iaboratorias
are preoccupied almost completely with tha routine analysis of Yocod
samples. Only a token effort is made to develov new nethods of
snalysis and no attempt is made to study tée prooertios of the food
that is graded end inspected. In the Nesearch sranch, asnalyticsi
methods are developed on request by the Analyticsi Chemistry sesenrch
Service but no sustaeined rescarch on food meihololeo -y is atlempied.
In the Food Reseasrch Institute, the propertics ol food are stidied

and analytical methads devised but the Institute’s pergonacl nie
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invoived in research projects and are not avallable for sustained
cooperation with the Production and Marketiny Bruach. The Committee
suggests that possible means for increased support for the
regulatory functions of the Canada Deésrtmnt of Agriculture be
ia"v'estigat.éd.

At the provinciel governmsnt level, the extent of researci
varieé from nil to considersble sctivity in supnori of control untinn:
in several provincss cooperation between fedoral and provincigl lsbor-
atories is effective. Because of the wide variation in nced from
pfovi.nca to province and the generel concern witii control functions
only, the Committee feels that it cannot mske mcommencetions regardins
food R&D et the provincial government level.

To the Committee's knowledge, there is no university resesrch
directed to the support of regulatory functi‘mns, The Comulttee feels
that this is an appropriate state of affsirs.

Packaging research is conducted by the Depariment of National
Defence to mest the unique requirements of the armcd forces., Other-
wise, packsging research is done by the major sippliers of packaging
materials in cooperation with appropriate sepaentu of the food industry
Because of the high cost of packsging ressarch und the necd for cloue
cooperation between suppliers and users, the Cow:ittee sees no nee. to
chaoge the situation, Should any of the Camadian suppliers wish %o
coiduct research beyond the ad hoe level; the ‘omailttee Le-lix thnt
fundamental research into the prosertles of the anterial shouwld bo

supported. The Comaittee is of the opinion thal the extensive rescerct
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in the Y.S.A, on the transmission to foods ol plasticizers and other
mobile components of packaging materisis need not be duplicated in
Canada.

During storage st the wholesale and retall levels, food can
wadergo changes such as the photo-induced oxdidation of fat=containing
foods and the denaturation of frozen iissus. Durilug prolonged cold
storage or during shipment from country of origin, fresa produce ripen.
or senescgz The changes involve both chemistry and biochemistry axd
are of concera to this Committee. So is the study of the factors
that give sesthetic and nutritive value to foads.

The current state of the Canadisn food iadustry ead ibts immediate
outloock suggests to the Committee that the industry will aot be abie
%o conduct more than a token amount of the research on the nsture of
quality in food, the reactions thaet i% undergoes durirn: storage and
processing or even food technology research. lIne reszon, stated
earlier in more detail, is that the smell firma cannot sfford even
government-subsidized research and the large firns sre Canadian
subsidiarics of foreign-ownad corporaticns with centrail RaD lgborstorio:

The univérsitias are logical sites for fooi reaecsrch und each of
the present seven departments of food sciencp could mwkr offective use
of sddaitlonal suppert for research., Currently, ihe departmen.s lack
unjergraiuate students and moat of their graducte stulents are non-
Canadian.

The aversge level of graduate resesrch in food seciecnce, howev o,

io mere at the M,Sc. than the Ph.De level. Thio present oitucbhion
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may be explained in terms of the quality of the reduuste riudents,
the quality of the staflf and the ecomplex nature of food resesrch
projects. Therefore, although the existing depertments of {cod
science could, through expansion, ceonduct more resesrch, the
Committee Teels that there is alse a need Jor centre:r 20 rescarch
where mature scientiste can work im depth on dirficult probiems
without & "Damoclesian® thesis hanging over them,

The Committee is of the opinion that the provincial or tederal
government food research centre has an important role to play in

~the Canadisn food resesrch scenes It is at these centres that,

regearch in depth can be asccomplished. The sclentist is msture éﬁ%%%§
.

he can converse with and obtain cooperation from researcihers in

other disciplines. Programs of research with advanced but well-

defined objectives can be established and pursusd without interrip=

tion due to graduation or fgilure of students.

The Ontario Department of Agriculture and food ;s.uhique amon,?
provincial departments in that both in name &na practice it reeognices
the reletionship between food and agriculture. The chunge in name
is mors recent than its imterest in food R&D. This research, however,
has been concentrated on fruit and vegetsbie w»iorage and processiag
sad on wine meking, The Committee feels that other arcas o food
regearch could bs undertaken profitably provided full communication
is mainteined between the laboratories of the lepartment or
hgriculiure and Food and the new Food SBeisnce Depuartment ab the

University of Guelph. The Committee is also of the opilaicn that in
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councils, universities énd departments of agriculture must»be
rmaintained if food R&D is to be conducted effectively and efficiently,
The Committee recognizes that the role of the Devartim-nts of
Arricultnre and Fisheries is that of a szupplier of raw materials to

tne food industry. OCurrent levels of federal food D, nowever,

s

npear Lo be based on thne concept that food production or fish
landing is an end in itself., The Committee feels; thereforc, thet,
because the food industry is unable to perform its own food R&D and
because many of the pressing problems are national rather than
recional in scope, sdditional food research be undertaken by federcl
government l:horatories. Research into the nature of quality in
foods, the reactions that affect guality positively as well as

negatively, the blochemistry of senescence of foodl tissues, tne
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storage and processing of foods, the measurement of quality, the
useful end harmful microorgenisms, new sources of food are zll areas
in urgent need of additiocnal support. dJne or more strong central
food research centres are suggested to avoid fragrmentation of effort.
The need for coordination

Research on agricultural and food problems coupetes for man-
power and support with all other branches of resesrcn, snd requests
for additional agricultural end food R&D will probabliy be met only
by diversion of support from other areas. Moreover, within the
bounderies of food and agricultural R&D, competition will preveil.

The need for broad strateglc planning is self=svident,ead-thas—-Comuidéos

deeieione, Ihe RED activities of private industry, the universities
and the government agencies should all be considered by the strategic
planners, The egiggar-to increase Canada's food R&D capability is
so great thet the Committes ﬁrges that both short—term snd long-ternm
planning be considered, not with the view of producing quick asnswers
to gd hoc problems but with the objective of giving support to
existing organizations that can benefit directly from incroased
support,
Mechanisus for funds and resesrch manpower

The estsblishment of new industriel R&D luborsteries is curvently
congidered by the Natiopal Besesrch Council and tne Department of

Industry to be & laudsble objective. The Committee recognizes that



Canadian indugtry performs only & small amount of Canais'c tolal
research ana that, in general, & larger share could be curried by
industry. Nevertheless, the Committse i1equests that thisg gzeneral
stalement be spplied with care to the structure of asgricultural and
food R&D, Caneda must avoid s proliferat.on of smell laborstories
which would sbsorb manpower and funds but which, because of tneir
isolation, contribute little beyond trouble-stnooting. As staded
egrlier, the structure of the food and non-fuud componsnts of Canadisn
ggriculture- and fisherles-based ladustry will nave to chenze markedly
before R&D funds and personnel can be used efrfectively., Coinpany
managemant has yet to be convinced that R&D is other than e luxury
that cannot be gfforded. Many of the companlies that caun afford
limited technical assistence employ consulting rirms in the US4 on
an gd hoc basis.

For these reassons, the Commitiese feels thal increagsed support.
for currently effective laboratories; whether in industry, univers-

Fr.

ities or governiment, would be the mosgt eifective way of improving
egriculture and food R&D. For the large industrial laboratories,
the present fund-granting systews eppeer sdeuqueiy snd sufficiently
flexlble to meet changss in requirements. OSirllorly, the various
grents=-in-~aid of resesrch avellable Lo uuiversivy staflf secem to meetl
needs, qualitatively if not quantitetively.
With the objective of sharpening the fovus of the research,

the Committee asks that government lsboratorics Lo sllowed nore posto

doctorate fellows snd sxpended use of directed prants=Iine-sgid of
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Toocarcl such ag the Extra=tuvel fesesmoll ool o0 dane Do io
Dovartment of Agriculture. Arriculture and {ood rezcarch
are complex and regulre the applicatioca of geveral discinlives for
thelr solution, Moreover, their compléxity mouires Lhey resoareh
effort be chevrply focussed 1Y a soiution oo Lo Lo Latiaovod
time. The use of post=doctorate fellows uanz [racic-in-cid of
specific resesrch prcjects would permit the reuired sharpnegs of
focus.

Az defined in the Questionngirea derigued Jor this rurvey,
"hasic" chemical or chemical engineering rescorsh L3 almost
inappropriete to sgriculture and food because the substratcs or
systems are too complex for basic studics; revcarchers capable of
conducting basic reseerch are almost certeia 10 select simpler

aystems, For this reason, "oriented basic" ov enplis
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defined in the Questiomnsircs, are appropriste aud cassonticl for
supplying knowlcedge for "development! resesrch. Tae Cowmitteo is

of the opinion that, for the foreseesble futurc, btue egriculture snd
food industry will limit itself to “develapmenh“li&J witii Lhe
oceasional taste of ®applied! resemrch. Thus, universits wnd
government leboratories have the task ol sudp.cuiog Locasoricd
reseoreh throurh btheir Tupplied” and "orioan.? cooie! roso voh, The

Comnlttee, therclore, recommends iLnzld conuituiua: Javourable
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atiarply focussed, inbteasive, mailidiscl. dinoey o o

cohabiished,





